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SV  PREFACE  TO  THE  FIFTEENTH  EDITION. 

\<^ '  ^/^  The  reception  orginally  given  to  this  work  was  hardly  less  sur- 
' ' '  ^^^rising  to  me,  than  to  some  friends  who  could  not  imagine  by  what 
kind  of  chance-medley  the  three  reputed  difficulties  of  authorship 
had  been  overcome — to  write  something  worth  publishing,  to  find  a 
respectable  house  to  publish  it,  and  to  get  sensible  men  to  read  it. 
The  feet  is,  it  was  something  outside  of  cuiTent  literature.  The 
want  of  it  was  not  felt  by  ordinary  readers,  nor  the  void  it  was 
calculated  to  fill  suspected  by  others.  To  belles-lettres  students  the 
subject  was,  naturally  enough,  as  unattractive  as  a  commercial  report 
on  hardware,  and  as  hollow  of  interest  as  a  folding  chess-board 
lettered  at  the  back.  It  happened,  however,  to  be,  what  foreign 
and  domestic  technical  journals  proclaimed  it,  "  the  kind  of  book 
which  every  inventor  and  mechanic  ought  to  consult." 
Though  we  do  not  hear  so  much  now,  as  formerly,  of  unsuccessful 

Erojectors  ending  their  troubles  with  a  razor,  a  rope,  or  sufibcation 
y  water,  nor  of  others  expiring  from  excess  of  joy  at  imaginary 
success,  like  a  watchmaker  of  I*aris,  there  are  hundreds,  if  not 
thousands,  wearing  themselves  away  in  t^e  pursuit  of  mechanical 
fallacies,  and  the  revival  of  obsolete  devices,  for  lack  of  knowing 
what  has  been  done,  and  what  is  impossible  to  be  done.  As  a 
general  rule,  inventors  dislike  to  open  themselves  to  either  friends  or 
strangers,  but  the  most  jealous  can  consult  a  book  without  fear  of 
being  robbed  of  his  idea?,  and  the  most  sensitive  without  the  dread 
of  being  laughed  it.  That  this  volume  has  been  serviceable  to  such, 
and  suggestive  to  others,  the  press  has  furnished  sufficient  proof,  and 
that  it  continues  to  do  what  it  has  done,  is  evinced  by  a  continued 
demand  for  it. 

Over  twenty  years  have  elapsed  since  it  first  issued  from  the  press, 
and  nearly,  if  not  quite,  as  many  editions  have  been  called  for.  The 
12th  appeared  in  1851,  and  the  14th  in  1856.  Tw^o  more  followed 
without  the  usual  indication  in  the  title-page,  an  omission  that  pre- 
viously occurred  with  impressions  thrown  off  in  numbers  and  parts. 
My  interest  in  it  ceased  with  the  2d  edition.  After  so. long  a  service, 
it  might  be  thought  deserving  of  a  new  dress,  or  fresh  trimmings  in 
the  shape  of  addenda.  I  suppose  it  would  be  an  improvement  to 
condense  and  recast  the  whole,  but  that  is  a  labor  I  can  not  under> 
take,  nor  do  I  think  it  would  materially  enhance  the  work  in  the 
estimation  of  those  for  whom  it  was  prepared.  As  for  additional 
matter,  it  might  be  continued  ad  infinitum^  but  to  what  purpose  ? 
The  book  was  never  designed  to  exhibit  all  varieties  of  devices  treated 
of,  but  only  sufficient  to  Elucidate  the  principles  of  each  class,  and  no 
new  principle  has  been  introduced  that  I  am  aware  of.  Some  fresh 
matter  has,  however,  been  inserted,  which,  with  the  supplement  on 
Eolipiles  (not  in  the  early  editions),  has  sw-elled  the  volume  far  be- 
yond its  original  limits.  Whatever  be  its  merits  or  demerits,  it  is 
sent  forth  once  more  to  take  its  chance  in  the  world.  If  its  elements 
of  vitality  are  worn  out,  it  will  die,  and  it  ought  to  die,  but  if  the 
oldest  and  coolest  of  its  critics  is  to  be  credited,  it  is  not  going  to 
frive  up  the  ghost  yet.  He'assigned  it  a  run  of  fifty  years  before 
those  literary  undertakers,  the  trunkmakers,  entombed  it.      T.  E. 

New  York,  March  11,  1863. 
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CiR€t7ii8TiNCK8  having  led  me,  in  early  life,  to  take  an  interest  in 
practical  hydraulics,  I  became  anxious  to  obtain  an  account  of  all  the  con- 
trivances employed  by  different  people  to  rai^e  water — whether  for  domes- 
tic, agricultural,  mining,  manufacturing,  or  other  purposes ;  and  great  w&h 
the  disappointment  I  felt  on  learning  that  no  book  containing  the  informa- 
tion I  sought  had  ever  been  published.  This  was  the  case  between  thirty 
and  forty  years  ago;  and,  notwithstanding  the  numerous  journals  and  other 
works  devoted  to  the  useful  arts,  it  is  in  a  great  measure  the  case  still.  No 
one  publication,  so  far  as  my  knowledge  extends,  has  ever  been  devoted 
to  the  graat  variety  of  devices  which  the  human  intellect  has  developed 
for  raising  liquids.  That  such  a  work  is  wanted  by  a  large  class  of 
mechanics,  if  not  by  others,  can  hardly  be  questioned ;  and  it  is  somewhat 
pnrprising  that  it  was  never  undertaken. 

It  appears  from  La  Hirers  Preface  to  Mariotte's  Treatise  on  the  Motion 
oC  Fluids,  that  the  latter  philosopher  often  expressed  a  determination  to 
write  *'  on  the  different  pumps  and  other  engines  which  are  in  use,  or  which 
have  been  proposed, '^  but  unfortunately  he  did  not  live  to  carry  his  design 
into  e^ct.  The  celebrated  work  of  Belidor,  fri>m  its  extent,  and  the  variety 
of  subjects  embraced  and  illustrated,  stands  at  the  head  of  modern  works 
on  hydraulic  devices;  but  of  the  four  large  volumes,  a  small  part  only  is 
devoted  to  machines  for  raising  water,  and  many  such  are  not  noticed  at 
all :  besides,  the  cost  of  the  work  and  the  language  in  which  it  is  written 
will  always  prevent  it  from  becoming  a  popuHtr  one  with  American  oi 
English  machinists. 

Having  in  the  course  of  several  years  collected  memoranda  and  procured 
most  of  the  works  quoted  in  the  following  pages,  I  have  attempted  to  pre- 
pare a  popular  volume  on  the  subject — something  like  the  one  I  formerlv 
longed  fur — feeling  persuaded  that  it  will  be  as  acceptable  to  mechanics 
under  circumstances  similar  to  those  to  which  I  have  alluded  as  it  would 
then  have  been  to  myself.  Every  individual  device  for  raising  water  has, 
of  course,  not  been  described,  for  that  would  have  been  impossible ;  bu< 
every  class  or  species  will  be  found  noticed,  with  such  examples  of  each 
as  will  enable  the  general  reader  to  comprehend  the  principle  and  actioii 
of  all.  In  addition  to  which,  inventors  of  hydraulic  machines  can  here 
aee  what  has  been  accomplished,  and  thus  avoid  wasting  their  energief 
on  things  pi^eviously  known. 


iv  PBBFAOB. 

In  a  work  of  this  kind  little  that  is  new  can  be  expected  ;  I  have  not, 
however,  servilely  copied  any  author,  but  have  written  the  whole  as  if 
little  had  been  written  before.  I  have  sought  for  information  wherever  I 
could  find  it;  and  with  this  view  have  perused  more  volumes  than  it  would 
oe  prudent  to  name.  A  few  gleanings  which  modern  writers  have  passed 
over  have  been  picked  up — two  or  three  ancient  devices  have  been  snatched 
from  oblivion,  as  the  atmospheric  sprinkling  pot  and  the  philosophical  bel- 
lows, and  some  erroneous  opinions  have  been  corrected  ;  that,  fur  example, 
respecting  the  origin  of  the  safety  valve.  There  is  little  room  for  the 
charge  of  arrogance  in  claiming  this  much,  sin6e  it  is  all  I  have  to  claim 
and  it  is  nothing  but  what  a  little  industry  in  any  one  else  would  have 
realized.  Several  devices  of  my  own  have  also  been  introduced  which 
must  speak  for  themselves.  On  referring  to  old  works  that  are  expensive 
or  of  rare  occurrence  1  have  generally  quoted  the  very  words  of  the  writers, 
under  the  impression  that  some  of  these  works  will  not  long  be  met  with 
at  all.  For  the  convenience  of  perusal  the  work  is  broken  into  chapters, 
and  as  much  miscellaneous  matter  has  been  introduced,  an  index  is  added. 
The  general  arrangement  and  division  of  the  subject  will  be  found  at  the 
close  of  the  first  chapter. 

In  tracing  the  progress  of  any  one  of  the  primitive  arts,  it  is  difficult  to 
^void  reference  to  others.  They  are  all  so  connected  that  none  can  be  per- 
fectly isolated.  I  have  therefore  introduced  such  notices  of  inventions  and 
inventors  as  seemed  useful  to  be  known  :  facts  which  appeared  interesting 
to  the  writer  as  a  mechanic,  he  supposed  would  not  be  wholly  without 
interest  in  the  opinion  of  his  brethren.  In  this,  I  am  aware,  it  is  easy  to 
be  mistaken ;  for  it  is  a  common  error  to  imagine  that  things  which  are 
interesting  to  ourselves  must  be  equally  so  to  others.  A»i  however,  all 
those  devices  that  contribute  to  the  conveniences  of  life  will  ever  possess 
an  intrinsic  value,  the  hope  is  indulged  that  the  following  account  of 
several  important  ones,  although  it  may  present  little  attraction  to  general 
readers,  will  at  least  be  found  useful  to  those  for  whom  it  is  more  espe- 
cially designed.  It  certainly  is  not  what  I  could  wish,  but  it  is  the  best  I 
could  produce.  I  am  sensible  that  it  has  many  imperfections,  and  there 
are  doubtless  many  more  which  have  not  been  perceived.  That  I  have 
often  been  diverted  from  the  subjects  embraced  in  the  title-page  is  true  ; 
and  as  the  whole  was  written  at  long  intervals,  even  of  years,  a  want 
of  order  and  ccnneciion  may  be  perceived  In  some  parts,  and  obscurity  felt 
in  others.  All  that  I  can  offer  to  diminish  the  severity  of  criticism,  is  freely 
to  admit  there  is  much  room  for  it. 

In  noticing  various  hydraulic  de^vices,  I  have  endeavored  to  award  honor 
to  whomsoever  it  was  due :  to  say  nothing  of  the  ancients,  with  whom  most 
of  them  originated,  il  may  here  be  observed  that  the  Germans  were  the 
earliest  cultivat.ors  of  practical  hydraulics  in  modern  time^.  The  Dutch 
(part  of  that  people)  contributed  to  extend  a  knowledge  of  their  inven- 
tions. It  was  a  Dutchman  who  constructed  the  famous  machinery  at  Marii, 
and  £ngland  was  indebted  to  another  for  her  first  water- works  at  London 
Bridge.  The  simplest  pump-box  or  piston  known,  the  inverted  cone  <»f 
leather,  is  of  German  origin,  and  so  is  the  tube-pump  of  Muschenbroek. 
Hose  for  fire-engines,  both  of  leather  and  canvas,  was  invented  by  Diitc  .- 
men.  They  carried  the  chain-pump  of  China  to  their  settlements  in  Indin, 
and  also  to  Europe.  Van  Braam  brought  it  to  the  U.  Slates.  A  Gernia?. 
invented  the  air-pump,  and  the  first  hi^h  pressure  steam-engine  figured  in 
books  was  by  another.  As  regards  hyTiraulic  machinery,  the  Dutch  have 
been  to  the  moderns,  in  some  degree,  what  the  Egyptians  were  to  th;: 
ancients — their  teachers.     The  physical  geography  of  Holland  and  Egyi»t 
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necessarily  led  the  inhabitants  of  both  countnew  to  culti^'Hte  to  fTio  ntmoBi 
extent  the  art  of  raising  water.  Wind-mwls  for  draining  water  off  land 
Hrst  occur  (ic  modern  days)  in  Holland.  It  is  indeed  the  constant  emplov 
ment  of  this  element — wind — that  preserves  the  Dutch  from  destruction 
by  another ;  for,  as  a  nation,  they  are  in  much  the  same  predicament  they 
formerly  put  unruly  felons  in,  viz  :  cou^ning  ench  in  a  close  vault  with  » 
pump,  and  then  admitting  a  stream  of  water  that  rtiquired  his  unceasing 
efforts  to  pump  out,  to  prevent  himself  from  drowning. 

The  French  have  contributed  the  neatest  machine  known ;  the  ram  of 
^lontgolBer — theirs  is  the  double  pb.T)  of  La  Hire,  and  the  frictionless 
liiston  of  Gosset — La  Faye  unproved  the  old  tympanum  of  Asia — Papin 
"Was  one  of  the  authors  of  the  steam-engine,  and  Le  Demour  devised  tho 
centrifugal  pump.  Rotary  Dumps  and  the  reintroduction  of  air-vessels  and 
fire-engines  rest  between  Germany  and  Francfe.  Drawn  leaden  pipes 
were  projected  by  Dalesme.  The  English  revived  the  plunger  pump  and 
stuffing-box  of  Moreland,  and  Ittrnished  the  expanding  metallic  pistons  of 
Cartwright  and  Barton — the  steam-engines  of  Worcester  and  Savery,  New 
comen  and  Watt — the  pneumatic  apparatus  of  Brown,  and  motive  engines 
of  Cecil  and  others — Whitehurst  was  the  first  to  apply  the  principle  of 
the  ram,  and  the  quicksilver  pump  was  invented  by  Hawkins — Hales 
invented  the  milling  of  sheet  lead,  and  the  first  drawn  pipes  were  made 
by  Wilkinson.  Switzerland  contributed  the  spiral  pump  of  Wirtz — Amt? 
nca  has  furnished  the  riveted  hose  of  Sellers  and  Pennock,  the  motive 
machine  of  Morey,  and  high  pressure  engines  of  Evans ;  and  both  have 
given  numerous  modifications  of  every  hydraulic  device.  The  Italiarn 
bave  preserved  many  ancient  devices,  and  to  them  the  discoveries  of  Gal- 
lileo  and  Torricelli  respecting  atmospheric  pressure  are  due.  Porta  hat 
given  the  first  figure  of  a  device  for  raising  water  by  steam,  and  Venturi's 
experiments  have  extended  their  claims. 

Remarks  have  occasiionallv  been  introduced  on  the  importance  of  the 
mechanic  arts  and  the  real  dignity  attached  to  their  profession,  notwith* 
standing  the  degraded  state  in  which  operatives  have  ever  been  held  by 
those  who  have  lived  on  their  ingenuity  and  become  enriched  by  their 
skill.  But  this  state  of  things  we  believe  is  passing  away,  and  the  time  is 
not  distant  when  such  men,  instead  of  being  deemed,  as  under  the  old 
regime,  virtual  serfs,  will  exert  an  influence  in  society  commensurate  with 
their  contributions  to  its  welfare.  And  where,  it  may  be  asked,  is  there 
a  comfort,  or  convenience,  or  luxury  of  life,  which  they  do  not  create  or 
assist  to  furnish,  from  the  bread  that  sustains  the  body  to  the  volume  that 
informs  the  mind  ? 

Few  classes  have  a  more  honorable  career  before  them  than  intelligent 
mechanics.  Certainly  none  have  better  opportunities  "^f  associating  their 
names  with  those  of  the  best  of  their  species.  Science  and  the  arts  open 
the  paths  to  true  glory ;  and  greater  triumphs  Teniam  to  be  achieved  in 
both  than  the  world  has  yet  witnessed.  Human  toil  has  not  been  dispensed 
with,  but  it  certainly  will  be  superseded,  in  a  great  measure,  if  not  alto- 
gether^ by  forces  derived  from  inanimate  nature.  A  great  part  of  the  globe 
is  yet  a  desert,  inhabited  by  boasts  of  prey,  or  by  men  more  savage  than 
they ;  whereas  the  Creator  designs  the  whole  to  be  a  garden  and  peopled 
with  happy  intelligences,  as  in  tlie  first  Eden.  It  is  much  too  common  to 
»oek  ephemeral  distinction  on  the  troubled  sea  of  politics  or  party  ;  but  oi 
the  thousands  who  launch  their  barks  upon  it,  how  few  ever  reach  the 
haven  of  their  wishes  !  The  greater  part  are  soon  engulphed  in  oblivion^ 
while  not  a  few,  exhausted  by  useless  struggles,  are  bereft  of  their  ener- 
tftn  and  quickly  sink  in  despair — but  no  fame  is  more  certain  or  more 
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durable  than  that  whidh  arises  from  useful  inventiona.  Whituey  an^ 
Whittemore,  Evans  and  Fulton,  will  be  remembered  as  long  as  cotton  gins, 
carding  machines,  steam-en gines»  and  steam-boats  are  known  on  these 
continents,  and  when  contemporary  politicians  are  wholly  forgotten — in 
fact  most  of  these  are  so  already.  1  he  name  of  Watt  will  be  known  while 
■that  of  every  warrior  and  monarch  and  statesman  of  his  day  has  perished ; 
and  so  it  ought  to  be,  for  with  few  exceptions,  he  contributed  more  to  the 
happiness  of  his  species  than  have  such  men  from  the  beginning  of  time. 
No  one  is  now  interested  in  learning  any  thing  respecting  the  sanguinary 
6uU  of  Burgundy  and  his  wily  antagonist,  the  eleventh  Louis  of  France, 
whose  contests  kept  for  years  the  European  world  in  an  uproar ;  and  the 
latter,  not  content  with  murdering  his  species  by  wholesale,  in  his  old  age 
slew  infants  that  he  might  acquire  new  vigor  by  bathing  in  their  blood  : 
but  as  long  as  time  endures,  the  world  will  revere  the  names  of  their 
contemporaries — Qottenburg,  Roster,  Faust,  and  Schcefier  and  their  asso- 
ciates in  printing  and  type-founding. 

Science  and  the  arts  are  renovating  the  constitution  of  society.  The 
destiny  of  nations  cannot  be  much  longer  held  by  political  gamblers,  wealthy 
dolts,  titled  buffoons,  and  royal  puppets ;  these  no  longer  sustained  by 
factitious  aids  must  descend  to  their  own  level.  Theories  of  governments 
will  not  be  opposed  to  nature  and  carried  out  in  violation  of  her  laws ;  but 
practical  science  will  be  the  ruling  principle ;  and  practical  philosophers 
will  be,  as  God  designed  they  should  be,  the  master  spirits  of  the  world 
The  history  and  progress  of  the  useful  arts  will  soon  become  a  subject  of 
general  study.  Historians  will  hereafter  trace  in  them  the  rise  and  fall  of 
nations ;  for  power  and  preeminence  will  depend  upon  new  discoveries  in 
and  applications  of  science.  Battles  will  soon  be  fought  by  engineers 
instead  of  generals,  and  by  mechanism  in  place  of  men.  But  battles,  we 
trust,  will  hereafter  be  few ;  for  if  ever  men  were  called  upon  by  that 
which  is  dear  to  them  and  their  race— -by  that  which  is  calculated  to  rouse 
*he  purest  feelings  and  exterroinate  the  worst  ones,  it  is  to  denounce  that 
spirit  of  military  glory  which  encourages  and  induces  offensive  wars.  Take 
away  all  the  false  glare  and  pomp  of  wars,  and  tyranny  will  expire — for  it 
would  have  nothing  to  support  it.  Put  war  in  its  true  light,  and  no  wel*. 
regulated  mind  would  ever  embrace  it  as  a  profession. 

To  poets  and  writers  of  romance,  the  annals  of  mechanism  present  uv 
explored  sources  of  materials.  They  are  mines  of  the  richest  ores — 
fields  teeming  with  the  choicest  fruits  and  flowers.  Here  are  to  be  found 
incidents  as  agreeable  and  exciting  in  their  natures,  and  as  important  in 
their  effects  as  anything  that  can  be  realized  by  the  imagination  alone  ; 
such  too,  as  present  nothing  to  offend  the  finest  taste,  or  conflict  with  the 
purest  morals.  When  novelists  have  worn  out  the  common  ground  ;  (and 
they  seem  already  to  have  done  so,)  when  mere  sentiment  grows  flat,  and 
the  exhibition  of  the  passions  becomes  stale ;  when  politics,  history  and 
love  are  exhausted — works  founded  on  the  origin,  progress,  and  maturity 
of  the  useful  arts  will  both  charm  the  imagination  and  improve  the  j^idgraent 
of  readers.  Does  an  author  wish  to  introduce  characters  who  have  lefl 
permanent  impressions  of  their  genius  upon  the  world  1  Where  can  he  find 
them  in  such  variety  as  in  the  race  o£  inventors?  Is  he  desirous  of  enrich 
ing  his  pages  with  singular  coincidences,  curious  facts,  surprising  results 
■—to  fascinate  his  readers,  and  cause  them  to  anticipate  the  end  of  his  pages 
with  regret  ?  Let  him  detail  the  circumstances  that  led  to  the  conception, 
and  accompanied  the  Improvement  of  those  inventions  and  discoveries  that 
have  elevated  civilized  man  above  the  savage. 

Id  such  a  writer  desirous,  for  instance,  to  entertain  tl*e  sex  1     He  co'Jd 
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iiardl^  ao  it  more  cflTuctually  than  by  writing  a  volume  on  the  labors  o*' 
primitive  spinsters,  ere  the  didtaff  was  adopted,  or  the  spindle  (the  origina 
fly-wheel)  was  invented ;  by  detailing  the  circumstances  that  gave  birth 
to  those  implements,  with  the  trials,  observations,  customs  and  anecdotes 
connected  with  their  introduction  and  their  uses— imagining  the  congra- 
tulations that  were  poured  upon  the  artist  who  wove  the  first  web  in  a 
loom,  t£iid  the  praises  bestowed  upon  the  author  of  that  machine  and  the 
shuttle — recalling  the  times  and  Scenes  when  groups  of  laughing  females 
were  hastening  to  examine  the  first  colored  mantles ;  and  recording  the 
bursts  of  admiration  which  dropped  from  them  (in  all  the  force  of  oriental 
hyperbole)  upon  witnessing  the   processes  by  which  purple  and  scarlet 
and  crimson  and  green,  &c.  were  produced — recounting  the  methods  by 
vrhich  the  art  of  dyeing  wrought  a  revolution  in  costun^,  and  how  it  be- 
came one  of  the  great  sources  of  wealth  to  Babylon  and  Tyre — referring 
to  the  gratification  which  the  in\  ention  of  needles  and  pins,  of  thimbles 
and  oombs,  conferred  on  ancient  dames ;  and  noticing  the  influence  of 
these  in  improving  the  dress  and  deportment  of  women— describing  the 
trials  of  artists  before  they  succeeded  in  perfecting  these  instruments,  and 
)  on,  until  every  addition  to  domestic  dwellings,  to  household  furniture^ 
and  to  dress  be  reviewed" — ^until  every  thing  which  a  modern  lady  possesses 
over  an  Indian's  squaw  be  brought  forward  and  described,  with  all  the 
known  facts  and  circumstances  associated  with  its  history  and  application ; 
—and  thus  form  a  series  of  essays  on  the  arts,  in  which  every  line  would 
be  poetry,  and  every  incident  new. 

A  new  species  of  drama  might  here  take  its  rise ;  one  possessing  equal 
attractions  and  exhibiting  equally  interesting  pictures  of  human  life,  as 
any  thing  which  writers  ot  comedy  or  tragedy  have  yet  produced.  Here 
are  characters  and  customs  of  every  variety,  age,  and  nation — inc^ents 
and  adventure  in  the  greatest  profusion — the  extremes  of  misery  and  bliss, 
of  poverty  and  wealth,  of  suffering  virtue  and  unrequited  toil,  and  their 
opposites.  Here  the  humblest  individuals  have,  by  industry  and  ingenuity, 
risen  from  obscurity  and  astonished  the  world.  Mechanics  have  become 
kines  like  the  old  potter  of  Sicily,  (Agathocles,)  Aurelius  the  blacksmith 
of  Home,  and  Lettz  the  tinker  who  founded  the  caliph  dynasty  of  the 
Soffarites.  Kines  have  left  their  thrones  to  becoii.e  workmen  in  brass  and 
silver,  wdod  anr  iron  ;  as  Demetrius  at  his  lathe,  ^ropus  making  lamps 
and  tables,  Charles  V.  in  his  watchmaker's  shop ;  and  if  some  bizarre 
examples  are  wanted,  there  is  still  to  be  seen  the  mantua-making  apart- 
ment of  Ferdinand  VII.  with  specimens  of  his  work. 

A  play  might  be  founded  on  the  fairs  held  at  Delos,  (the  Pittsburg  of 
of  the  Old  Greeks,)  where  merchants  (observes  Pliny)  assembled  from  all 
parts  of  the  world  to  purchase  hardware  and  bronze.  An  island  whose 
artists  were  ennobled  for  the  beauty  and  finish  of  their  works  in  the  metals, 
and  who  particularly  excelled  in  brazen  feet  for  chairs,  tables,  and  bed- 
steads, and  in  statues  and  other  large  works  in  brass.  Then  there  wa& 
the  workmen  of  ^gina,  who  beat  all  others  in  fabricating  branches  and 
and  sockets  of  candelabra ;  while  those  of  Tarentum  produced  the  best 
pedestals  or  shafts.  In  connection  with  which,  there  is  the  singular  story 
of  the  Lady  Gegania,  who,  after  giving  50,000  sesterces  for  a  bronze  candle- 
stick, adopted  its  ill-favored  and  hump-backed  maker  for  her  companion 
and  heir. 

How  rich  in  interest  would  a  dramatic  scene  be  if  laid  in  an  antediluvian 
smith's  shop  !  (Forges  have  always  been  places  of  resort.)  To  notice 
the  characters  of^  the  visitants,  listen  to  their  remarks,  examine  the  instru- 
ments fabricated  by  the  artist,  his  materials,  fuel,  bellows,  and  other  tools ' 
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There  is  nat  i  more  interesting  scene  in  all  the  Iliad  tlian  the  descrtptiot 
of  Vulcan  at  work.  But  if  such  a  distance  of  time  is  too  remote,  there  ie 
the  forp^e  of  Kaicah,  the  blacksmith  of  Ispahan,  he  whose  apron  was  for 
centuries  the  banner  of  the  Persian  empire.  The  forge  of  Aurelius  also, 
where  he  made  the  sword  by  which  he  was  while  emperor  slain. 

A  scene  might  open  in  the  barber's  shop  of  Alexandria,  in  which  the  boy 
Ctesibius  used  to  play,  and  where  the  first  scintillations  of  his  genius 
broke  out;  while  his  subsequent  speculations,  his  private  essays  and  public 
experiments,  some  of  whicfh  were  probably  exhibited  before  the  reigning 
Ptolemies,  might  be  bi  ought  into  view— his  pupil,  Heron,  and  other 
philosophers  and  literati  might  also  be  included  in  the  plot.  Of  the  con- 
nection of  barbers  with  important  events  there  is  no  end— there  was  the 
tatling  artist  of  Midas,  the  spruce  hair-dresser  of  Julian  the  emperor,  the 
inquisitive  one  that  saved  Csasar's  life  by  listening  to  the  conversation  of 
assassins — the  history  of  the  silver  shaving  vessel  with  which  the  benevo- 
lent father  of  Marc  Anthony  relieved  the  pecuniary  distresses  of  a  friend 
-^here  was  the  wicked  Oliver  Dain ;  and  the  ancestor  of  Tunstall,  the 
famous  Bishop  of  Durham,  was  barber  to  William  the  Conqueror  :  hence 
the  bishop's  coat  of  arms  contained  t/irce  combs. 

Who  would  not  go  to  see  a  representation  of  the  impostures  of  the 
heathen  priesthood  1  Men  who  in  the  dai  kest  times  applied  some  of  the 
finest  principles  of  science  to  the  purposes  of  delusion  !  With  what 
emotions  should  we  enter  their  secret  recesses  in  the  temples  ! — places 
where  their  chemical  processes  were  matured,  their  automaton  figures  and 
other  mechanical  apparatus  conceived  and  fabricated,  and  where  expcri 
ments  were  made  before  the  miracles  were  consummated  in  public.  But 
it  is  impossible  to  enumerate  a  tithe  of  the  subjects  and  incidents  for  the 
drama  that  might  be  derived  from  the  history  of  the  arts  :  they  are  more 
numerous  than  the  mechanical  professions — more  diversified  than  articles 
of  traffic  or  implements  of  trades.  The  plots,  too,  might  be  rendered  as 
complicated,  and  their  denouement  as  agreeable  or  disagreeable  as  could 
be  desired :  and  what  is  better  than  all,  in  such  plays  the  mora^,  intei* 
iectual  and  inventive  faculties  of  an  audience  would  be  excited  and  im- 
proved—science would  pervade  every  piece,  and  her  professors  would 
be  the  principal  performers. 

THOd.  EWilANK 

Mm-York,  DtcBmker.  1841. 
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CHAPTER    I. 

Tbe  subject  of  raisiDf  wator,  iut«ro«ting  to  Philocpners  and  Mechanica — Led  to  the  iuventioo  of  the 
Steam  Euifine — Connected  with  tbe  prc«ent  advanced  state  of  the  Arts — Origin  of  the  oseAiI  arts  lost* 
Their  history  neglected  by  the  Ancients — First  Inventors  the  greatest  benefactors — Memorials  of  thr:3 
p«risbed,  while  accounts  of  warriors  and  their  acts  perrade  and  pollute  the  pages  of  history^A  record 
of  the  origin  and  early  progress  of  the  arts  zdore  useful  and  interesting  than  all  the  woiks  of  historians 
•ztant— The  hiftory  of  a  single  tool,  (as  that  of  a  hammer,)  invaluable^In  the  general  wreck  of  iho 
■rtt  of  the  ancients,  most  of  their  devices  for  raising  water  preserved — Cause  of  this-> Hydraulic  ma- 
ckines  of  very  remote  origin — Few  invented  by  the  Greeks  ai.d  Eoman»— Arrangement  and  division  of 
die  subjeeu 

Although  the  subject  of  this  work  mav  present  nothing  very  alluring 
to  the  general  reader,  it  is  not  destitute  of  interest  to  the  philosopher  ami 
intelligent  mechanic.  The  art  of  raising  water  has  ever  been  closely 
connected  with  the  progress  of  man  in  civilization,  so  much  so,  indeed, 
that  the  state  of  this  art,  among  a  people,  may  be  taken  as  an  index  of 
their  position  on  the  scale  of  refinement.  It  is  also  an  art,  which,  from 
its  importance  called  forth  the  ingenuity  of  man  in  the  infancy  of  soci- 
ety ;  nor  is  it  improbable,  that  it  originated  some  of  the  simple  machines, 
or  mechanic  powers  themselves. 

It  was  a  favorite  subject  of  research  with  eminent  mathematicians  and 
engineers  of  old  ;  and  the  labors  of  their  successors  in  modem  days,  have 
been  rewarded  with  the  most  valuable  machine  which  the  arts  ever  pre- 
sented to  man — the  STEAM  ENGINE — for  it  was  "  raising  of  water" 
tliat  exercised  the  ingenuity  of  Decaus  and  Worcester,  Morbland  and 
Pawn,  Savary  aisj  Sewcomen;  and  those  illustrious  men,  whose  sue 


2  Ancient  Arts.  [Book  1 

cessive  labors  developed  and  matured  that  "  semi-omnipotent  engine," 
which  **  driveth  up  water  by  fire."  A  machine  that  has  already  greatly 
changed  and  immeasurably  improved  the  state  of  civil  society  ;  and  one 
which,  in  conjunction  with  the  puintinu  prl&s,  is  destined  to  renovate 
both  the  political  and  moral  world.  The  subject  is  therefore,  intimately 
connected  with  the  present  advanced  state  of  the  arts  ;  and  the  amazing 
progress  made  in  them  dunng  the  last  two  centuries,  may  be  attributed 
m  some  degree  to  its  c;ui.i-'tuon. 

The  origin  and  early  history  of  this  art,  (and  of  all  others  of  primitive 
times)  are  irrecoverably  lost.  Tr-adition  has  scarcely  preserved  a  single 
anecdote  or  circumstance  relating  to  those  meritorious  men,  with  whom 
any  of  the  useful  arts  originated ;  and  when  in  process  of  lime,  risT'jKt 
took  her  station  in  the  temple  of  science,  her  professors  deemed  it  beneath 
her  dignity,  to  record  the  actions  and  lives  of  men,  who  were  merely  in- 
ventors of  machines,  or  improvers  of  the  useful  arts ;  thus  nearly  aU 
knowledge  of  those  to  whom  the  world  is  under  the  highest  of  obliga- 
tions, has  perished  forever. 

The  SCHOLAR  mourns,  and  the  antiquary  weeps  over  the  wreck  of 
ancient  learnins:  and  art— the  philosopher  regrets  that  sufficient  of  both 
has  not  been  preserved  to  elucidate  several  interesting  discoveries,  whicn 
history  has  mentioned ;  nor  to  prove  that  those  principles  of  science,  upon 
which  the  action  of  some  old  machines  depended,  were  understood ;  and 
the  MECHANIC  inquires  in  vain  for  the  processes  by  which  his  predecessord 
in  remote  ages,  worked  the  hardest  granite  without  iron,  transported  it 
in  masses  that  astound  us,  and  used  them  in  the  erection  of  stupendous 
buildings,  apparently  with  the  facility  that  modem  workmen  lay  bricks, 
or  raise  the  lintels  of  doors.  The  machines  by  which  diey  were  elevated 
are  as  unknown  as  the  individuals  who  directed  their  movements.  We 
are  almost  as  ignorant  of  their  modes  of  working  the  metals,  of  their  al- 
loys which  rivalled  steel  in  hardness,  of  their  furnaces,  crucibles,  and 
moulds ;  the  details  of  forming  the  ennobling  statue,  or  the  more  useful 
skillet  or  cauldron.  Did  the  ancients  laminate  metal  between  rollers,  and 
draw  wire  through  plates,  as  we  do  ?  or,  was  it  extended  by  hammers,  as 
rjome  specimens  of  both  seem  to  show  V  On  these  and  a  thousand  other 
subjects,  much  uncertainty  prevails.  Unfortunately  learned  men  of  old, 
deemed  it  a  part  of  wisdom,  to  conceal  from  the  vulgar,  all  discoveries  in 
science.  With  this  view,  they  \#^rapped  them  in  mystical  figures,  that 
the  people  might  not  apprbhend  them.  The  custom  was  at  one  time  so 
general,  that  philosophers  refused  to  leave  any  thing  in  writing,  explana- 
tory of  their  researches. 

Whenever  we  attempt  to  penetrate  that  obscurity  which  conceals  froir 
iiur  view,  the  works  of  the  ancients,  we  are  led  to  regret,  that  some  o^ 
their  mechanics  did  not  undertake,  for  the  sake   of  posterity  and  their 
ow."  fame,  to  write  a  history  and  description  of  their  machines  and  manu 
factures. 

We  know  that  philosophers,  generally,  would  not  condescend  to  per- 
form such  a  tr^k,  or  stoop  to  acc|uire  die  requisite  information,  for  Uiev 
cieemed  it  discreditable  to  apply  their  energies  and  learning,  to  the  elucj- 
daticn  of  such  subjects.  (Few  could  boast  with  Hippias— who  was  master 
of  the  liberal  and  mechanu:al  arts — the  ring  on  his  finger,  the  tunic,  cloak, 

•  '*  And  they  did  beat  the  gold  into  thin  plates,  and  eM  it  into  wires."  Exod.  uxix,  3. 
These  plates,  were  probably  similar  to  those  made  by  the  ancient  goldsmiths  of  Mexico 
which  were  **  three  quarters  of  a  yard  long,  foure  fingers  broad,  and  as  thicke  as  parcb> 
tpent."  Purchas'  Pilgrimage,  964.  "Silver  spread  intoflates,  is  brought  from  Tarshish. 
and  gold  from  Uphaz.'*    Jer.  z,  9. 
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and  slioes  which  he  wore,  were  tlie  work  of  his  own  hands.)  Plato  in 
veighed  with  great  indignation  against  Archytas  and  Eudoxus,  for  having 
debased  and  corrupted  the  excellency  of  geometry,  by  mechanical  so- 
lutions, causing  her  to  descend,  as  he  said,  from  incorporeal  and  intellec* 
tual  to  sensible  things ;  and  obliging  her  to  make  use  of  matter,  which  re- 
quires manual  labor,  and  is  the  object  of  servile  trades.* 

To  the  prevalence  of  such  unphilosophical  notions  amongst  the  learned 
men  of  old,  may  be  attributed,  the  irretrievable  loss  of  information  re 
^peering  the  prominent  mechanics  of  the  early  ages,  those 

'*  Suarchiug  wits, 

Who  graced  Uieir  age  with  nev\  invented  arts."  Virgil,  En.  vi,  900. 

Their  works,  tlieir  inventions,  and  their  names,  are  buried  beneath  th^ 
waves  of  oblivion;  whilst  the  light  and  worthless  memorials  of  heroes 
falsely  so  called,  have  floated  on  the  surface,  and  history  has  become  pol- 
luted with  tainted  descriptions  of  men,  who,  without  having  added  an 
atom  to  the  wealth,  or  to  the  happiness  of  society,  have  been  permitted 
to  riot  on  the  fruit  of  other  men's  labors ;  to  wade  in  the  Mood  of  their 
species,  and  to  be  heralded  as  the  honorable  of  the  earth !  And  still,  a^t 
in  ft>rmer  times,  humanity  shudders,  at  these  monsters  b^ing  held  up,  as 
they  impiously  are,  to  the  admiration  of  the  world,  and  even  by  some 
christians  too,  as  examples  for  our  children. 

"  We  may  reasonably  hope,"  says  Mr.  Davies  in  his  popular  work  on 
the  Chinese,  "that  the  science  and  civilization  which  have  already  greatly 
enlarged  the  bounds  of  our  knowledge  of  foreign  countries,  may,  by 
diminishing  the  vulgtir  admiration  of  such  pests  and  scourges  of  the 
human  race,  as  military  con(]uerors  have  usually  proved,  advance  and  fa- 
cilitate the  peaceful  intercoiirse  of  the  most  remote  countries  with  each 
other,  and  thereby  increase  f/tc  general  stock  of  knoidedge  and  happiness 
amons:  mankind."     Vol.  1, 18. 

"Of  what  utility  to  us  at  this  day,  is  either  Nimrod,  Cyrus,  or  Alexan- 
der, or  their  successors,  who  have  astonished  mankind  from  time  to  time  ? 
Witli  all  their  magnificence  and  vast  designs,  they  are  returned  into  nothing 
with  regard  to  us.  They  are  dispersed  like  vaj)ors,  and  have  vanished 
like  phantoms.  But  the  inventors  of  tlie  arts  and  sciences  labored 
for  ALL  AGES.  We  still  enjoy  the  fruits  of  their  application  and  industry — 
they  have  procured  for  us,  all  the  conveniencics  of  ///e— they  have  con- 
I'erted  all  nature  to  our  uses.  Yet,  all  our  admiration  turns  generally  on 
tlie  side  of  those  heroes  in  blood,  while  we  scarce  take  any  notice  of  what 
we  owe  to  the  lnventors  op  the  arts."  RoUin's  Lttrodtiction  to  th-e  Arts 
and  Scteju-es  nf  the  Ancients. 

Who  that  consults  history,  only  for  that  which  is  useful,  would  not  pre- 
fer to  peruse  a  journal  of  the  daily  manipulations  of  the  laborers  and  me- 
chanics who  furnished  clothing,  arms,  culinary  utensils,  and  food  for  the 
armies  of  old— to  the  most  eloquent  descriptions  of  their  generals,  or  fheir 
battles  ?  And  as  it  is  now  with  respect  to  accounts  of  such  transactions 
in  past  age*— so  will  it  be  in  future  with  regard  to  similar  ones  of  mo- 
dern times.  Narrations  of  political  convulsions,  recitals  of  battles,  and  ot 
honors  conferred  on  statesmen  and  heroes,  while  dripping  with  human 
gore,  will  hereafter  be  unnoticed,  or  will  be  read  with  horror  and  disgust, 
while  discoveries  in  science  and  descriptions  of  useful  machines, 
will  be  all  in  all. 

It  is  pleasing  to  anticipate  thit  day,  which  the  present  extensive  and 
extending  diffusion  of  knowledge  is  &.bout  to  usher  in,  when  despotism 


«  Plutarch*!  Life  of  Mjirzb^'Vaa. 
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shal.  no  longer  hold  the  great  m.\rs  of  our  species,  .n  a  stele  of  unnatu- 
ral ignorance,  and  of  physical  degradation,  beneath  that  of  the  beasts 
which  perish ;  but  when  the  mechanics  of  the  world,  the  creators  of  its 
wealth,  shall  exercise  that  influence  in  society  to  which  their  labors  en- 
title them. 

If  we  judged  correctly  of  human  character,  we  should  admit  that  the 
mechanic  who  made  the  chair  in  which  Xerxes  sat,  when  he  reviewed 
his  mighty  host,  or  witnessed  the  sea  figbt  at  Salamis,  was  a  more  use- 
ful member  of  society  than  that  great  king : — and,  that  the  artisans 
who  constructed  the  drinking  vessels  of  Mardonius,  and  the  broiss  man- 
gers in  which  his  horses  were  fed,  were  really  more  worthy  of  posthu- 
mous fame,  than  that  genei'al,  or  the  monarch  he  served  :  and,  if  it  be 
more  virtuous,  more  praiseworthy,  to  alleviate  human  sufferings  than  to 
cause  or  increase  them ;  then  that  old  mechanician,  who,  when  Marcus 
Sergius  lost  his  hand  in  the  Punic  war,  furnished  him  with  an  iron  one, 
was  an  incomparably  better  man,  than  that  or  any  other  mere  warrior: 
and  so  was  he,  who,  according  to  Herodotus,  constructed  an  artificial  foot 
for  Hesfisostratus.* 

Notwithstanding  the  opinion  of  Plato— we  believe  a  description  of  the 
WORKSHOPS  of  D.EDALUS,  and  of  Talus  his  nephew;  those  of  Theodo- 
Rus  of  Samos  and  of  Glaucus  of  Chios,  (the  alleged  inventor  of  the  in- 
laying of  metals ;)  an  account  of  the  process  of  making  the  famous  Lesbian 
and  Dodonean  cauldrons,^  and  of  the  method  by  which  those  celebrated 
paintings  in  glass,  were  executed,  fragments  of  which  have  come  down 
to  us,  and  which  have  puzzled,  and  still  continue  to  puzzle,  both  our  ar- 
tists and  our  chemists ;  (the  figures  in  which,  of  the  most  minute  and  ex- 
quisite finish,  pass  entirely  and  uniformly  through  the  glass ;)«  if  to  these 
were  added,  the  particulars  of  a  working  jeweller's  shop  of  Persepolis 
and  of  Troy;  of  a  lapidary's  and  an  en^aver's  of  Memphis;  of  a  cut- 
ler's and  upholsterer's  of  Damascus ;  and  of  a  cabinet  maker's  and  bra- 
zier's of  Rome;  together  with  those  of  a  Sidonian  or  Athenian  ship  yard 
— suc}i  a  record  would  have  been  more  truly  useful,  and  more  really  t»- 
terestingf  than  almost  all  that  ancient  philosophers  ever  wrote,  or  poets 
ever  sung. 

A  description  of  the  foundries  and  forges  of  India  and  of  Egypt ; 
of  Babylon  and  Byzantium ;  of  Sidon,  and  Carthage  and  Tyre ;  would 
have  imparted  to  us  a  more  accurate  and  extensive  knowledge  of  the 
ancients,  of  their  manners  and  customs,  their  intelligence  and  progress  in 
science,  than  all  the  works  of  their  historians  extant ;  and  would  have 
been  of  infinitely  greater  service  to  mankind. 

Had  a  narrative  been  preserved,  of  all  the  circumstances  which  led  to 
tlie  invention  ani  early  applications  of  the  lever,  the  screw,  the  wedge, 
PULLEY,  WHEEL  and  AXLE,  &c. ;  and  of  those  which  contributed  to  the 
discovery  and  working  of  the  metals,  the  use  and  management  of  fire, 
agriculture,  spinning  of  thread,  matting  of  felt,  weaving  of  cloth,  &c.  it 
would  have  been  the  must  perfect  history  of  our  species — the  most  valua- 
ble of  earthly  legacies.  Though  such  a  work  might  have  been  deemed  of 
trifling  import  by  philosophers  of  old,  with  what  intense  interest  would 
it  have  been  perused  by  scientific  men  in  modern  times !  aiid  what 
pure  delight  its  examination  would  have  imparted  to  every  inquicitive  and 
intelligent  mind ! 

Such  a  record,  would  not  only  have  filled  the  mighty  chasm  m  the  early 
history  of  vhe  world,  but  would  have  had  an  important  influence  in  pro 

*  Herod,  ix.  37    '•'Eneid,  iii.  505,  and  v,  350.  Herod,  iv,  61.    «  Rd.  Encyc  Art  Glass 
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moling  the  best  interests  of  our  race.  It  would  have  embraced  incidents 
respecting  man's  early  wants,  and  his  rude  efforts  to  supply  them  ;  par- 
ticulars respecting  eminent  individuals,  and  the  origin  of  antediluvian  dis- 
coveries and  inventions,  &c.  of  such  thrilling  interest,  as  no  modern  no- 
velist could  equal,  nor  the  most  fertile  imagination  surpass. 

It  would  have  included  a  detail  of  those  eventful  experiments  in  which 
iron  was  first  cast  into  cauldrons,  forged  into  hatchets,  and  drawn  into 
wire;  with  an  account  of  the  individuals,  by  whose  ingenuity  and  perse- 
verance, these  invaluable  operations,  werf»  for  the  first  time  on  this  pla- 
net, successfully  performed.  Finally,  it  would  have  convinced  us,  that 
these  men  were  the  true  heroes  of  old,  the  genuine  benefactors  of  their 
species,  whose  labors  were  for  the  benefit  o^IlII  ages,  and  all  people  :  and 
an  account  of  whose  lives  (not  those  of  robbers,)  should  have  occupied  the 
pages  of  history,  and  whose  names  should  have  been  embalmed  in  ever- 
lasting remembrance. 

A  chronological  account  of  a  few  inccJumical  implcmenis,  would  have  af- 
forded a  clearer  insight  into  the  state  of  society  in  remote  times,  than  any  wri- 
tings now  subsisting.  Nay,  if  we  could  realize  a  complete  history  of  a  single 
too/,  as  a  hammer,  a  saw,  a  chisel,  a  hatchet,  an  auger,  or  a  loom,  it  would  form 
amorecomprehensivehistory  of  the  world,  than  has  ever  been,  or  perhaps 
ever  will  be  written.  Take  for  example  a  havimcr;  what  a  multitude  of  in- 
teresting circumstances  are  inseparably  connected  with  its  development 
and  early  uses  !  circumsiances,  which,  if  we  were  in  possession  of,  would 
explain  almost  all  that  is  dark  and  mysterious  respecting  our  ancient  pro- 
genitors. A  history  of  this  implement  would  embrace  the  origin  and  ge- 
neral progress  of  all  the  useful  arts ;  and  would  elucidate  the  civil  and 
scientific  acquirements  of  man,  in  every  age.  It  would  open  to  our 
view,  the  public  and  private  economy  of  the  ancients ;  introduce  us  into 
the  interior  of  their  Avorkshops,  their  dwellings  and  their  temples;  it 
>VGuld  illustrate  their  manners,  politics,  religion,  superstition,  &c.  In  tra- 
cing the  various  purposes  to  which  it  was  applied,  we  should  become  ac- 
quainted with  all  the  material  transactions  in  the  lives  of  some  ancient  in- 
dividuals from  their  birth  to  their  deatli ;  and  also,  with  the  circumstances 
wliich  led  to  the  rise  and  fall  of  empircs.  Like  the  celebrated  "History 
of  a  Guinea,"  it  would  open  to  our  inspection  all  the  minutice  in  private 
and  public  life. 

How  infinitely  various,  are  the  materials,  sizes,  forms,  and  uses  of  the 
hammer  ]  and  how  indicative  are  they  all  of  the  state  of  society  and  man- 
mers]  At  first,  a  club;  then  a  rude  mallet  of  wood  ;  next,  the  head  form- 
ed of  stone,  and  bound  to  the  handle  by  withes,  or  by  the  sinews  of  ani- 
TYials  ;  afterward,  the  heads  formed  of  metal.  These,  before  iron  or  steel 
was  known,  were  often  of  copper  and  even  of  gold ;  and  subsequently, 
tliose  of  the  latter  material  were  faced,  like  some  ancient  chisels,  with  the 
more  scarce  and  expensive  iron.* 

Ancient  hammers  varied  as  now  in  size,  from  the  huge  sledge  of  die 
Cyclo[)s,  to  the  portable  one,  witli  which  Vulcan  chased  the  moi-e  delicate 
work  on  the  shield  of  Achilles, — fn)m  the  maul,  by  which  masses  of  ore 
were  separated  from  their  beds  in  the  mines,  to  the  diminutive  ones,  which 
Myi-mecides  of  Miletus,  and  Theodorus  of  Samos,  used  to  fabricate  car- 
nages and  horses  of  metal,  which  were  so  minute  as  to  be  t;overed  by  the 

*"  It  iippean  that  in  the  tangible  reintiiiH  of  smelting  fnniHces.  found  in  Siberia,  thar 
gold  huiiunerR,  knives,  chiseU,  &c.  have  been  discovered,  tht  edges  of  whidi  were  skil- 
roily  tiyped  with  iron;  showing  the  fscarcity  of  the  ore,  the  difficulty  of  tiianufacturinf 
il,  and  the  plenty  and  npporcutly  trifling  value  of  the  other."     Scientific  Tracta  Bo« 
ton,  1833.    Vol  iii,  411. 
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wings  of  a  fly.  1\&  figure  nas  always  varied  witli  its  uses,  and  none  bui 
modern  workers  in  the  metals  can  realize  the  endless  variety  of  its  sliapes, 
which  the  ancient  smiths  required,  to  fabricate  the  wonderfully  diversified 
articles  of  their  manuafcture:  from  the  massive  brazen  altars  and  cliariots, 
to  tlie  chased  g^oblets,  and  invaluable  tripods  or  vases,  for  tlie  p(>ssessioD 
of  which,  wliole  cities  contended. 

The  history  of  die  hammer  in  its  widest  range,  would  let  us  into  the 
secrets  of  the  statuaries  and  stone  cutters  of  old :  we  should  learn  the  pro- 
cess of  making  those  metallic  compounds,  and  working  them  into  tools, 
with  which  the  Egyptian  mechanics  sculptured  those  indurate  columim 
that  resist  the  best  tempered  steel  of  modern  days.  It  would  introduce  us 
to  the  ancient  chariot  makers,  cutlers  and  armorei*s;  and  would  teach  us 
how  to  make  and  temper  the  bhides  of  Damascus  ;  as  well  as  those  which 
were  forged  in  the  extensive  nranufdctory  of  the  father  of  Demosthenes. 
It  would  make  us  familiar  with  the  ails  of  the  ancient  carpenters,  coiners, 
coopers  and  jewellers.  We  should  learn  from  it,  the  process  of  forging 
dies  and  striking  money  in  the  temple  of  Juno  Moneta;  of  making  the  bod- 
kins and  pins  for  the  head  dresses  of  Greek  and  Roman  ladies  ;  while  at 
the  religious  festivals,  we  should  behold  other  forms  of  this  imj)lement 
m  use,  to  knock  down  victims  for  sacrifice  by  the  altars. 

Finally,  a  perfect  history  of  the  hammer,  would  nut  only  have  made  us 
acquainted  with  the  origin  and  progress  of  the  useful  arts,  among  the  pri 
meval  inhabitants  of  this  hemisphere ;  but  would  have  solved   the  great 
problems  respecting  their  connection  widi,  and  migration  from  the  eastern 
world. 

But  althou^ih  we  justly  deplore  the  want  of  information  relating  to  the  arts 
in  genera]  of  the  renioie  ancients  ;  it  is  pi-obable  that  few  of  their  devices  for 
i-aising  water  have  been  wholly  lost.  If  there  was  one  art  of  more  importance 
tlian  another  to  the  early  inhabitants  of  Central  Asia  and  the  valley  of  the 
Nile,  it  wai*  that  of  raising  water  for  agricultural  purjioses.  Not  merely  their 
general  welfare,  but  their  very  existence  depended  upon  the  aitificial  irrigii- 
tion  of  the  land ;  hence  their  ingenuity  was  early  directed  to  the  construction 
o^TnachincJi  for  this  purpose  ;  and  they  were  stimulated  in  devising  them,])y 
the  most  powerful  of  all  inducements.  That  machines  must  have  been?«^/i*- 
"penjtaJdc  in  past,  as  in  present  times,  is  evident  from  the  climnies  and  phy- 
sical constitution  of  those  countries.  Tlieir  importance  therefore,  and  uni- 
versal use,  have  been  the  means  of  their  preservation.  Nor  is  it  probable 
tliat  any  of  them  were  ever  lost  in  the  numerous  political  convulsions  of 
old.  These  seldom  affected  the  pursuits  of  agriculture,  and  never  changed 
the  long  established  modes  of  cultivation  ;  besides,  hydraulic  apparatus 
from  their  utility,  were  as  necessary  to  the  con«|uerors  as  the  conquered.* 

Perhaps  in  no  department  of  the  useful  arts,  has  less  change  taken  place 
than  in  Asiatic  and  Egyptian  agriculture.  It  is  the  same  now,  that  it  was 
thousands  of  years  ago.  The  implements  of  husbandry,  modes  of  irriga- 
tion, and  devices  for  raising  water  are  similar  to  those  in  use,  when  Ninus 
and  Nebuchadnezzar,  Sesostris,  Solomon,  and  Cyrus  flourished.  And  it 
would  appear  that  the  same  utxiformiti/  in  these  machines  prevailed  over  all 
the  east,  in  ancient  as  in  modern  times :  a  fact  accounted  for,  by  tnt  great 
and  constant  intercourse  between  continental  and  neighboring  nations;  the 
practice  of  warriors,  of  trans]>orting  the  inhabitants  and  especially  the  me- 
chanics and  works  of  art,  into  other  lands ;  and  also  from  the  great  impor- 
tance and  universal  use  of  artificial  irrigation. 


•Batt'es  wero  sotnetiines  fought  in  one  field,  while  laborers  were  cultivating  unmo 
Ip'te^i  the  land  oi  an  adjoiuing  oue. 
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Every  part  of  the  eastern  world  has  often  had  its  /ihabitants  com  from 
it  by  war,  and  ilicir  places  occuj)ied  by  others.  This  practice  of  comjiie 
rors  was  sometimes  modified,  as  respected  the  peasantry  of  a  subdued 
country,  but  it  aj)pear3  that  from  very  remote  ages,  mccJiayiics  were  inva- 
riably carried  off.  The  Phenlcian??,  in  a  war  with  the  Jews^  d(!prived  them 
of  everv  man  wlio  could  forgre  iron.'  *'  There  was  no  smith  found  throus^h- 
out  all  the  land  of  Israel;  for  the  Philistines  said,  lest  the  Hobi-ews  make 
swords  and  speai-s."  Siialmanezek,  wlien  he  took  Samaria,  carried  the 
iveople  "  away  out  of  their  own  land  to  Assyria,  and  tlie  king  of  Assyria, 
brought  men  from  Babylon,  and  from  Cuthah,  and  from  Ava,  and  from 
Uamath,  and  from  l^epharvaim,  instead  of  the  children  of  Israel ;  and  they 
possessed  Samaria,  and  dwelt  i?i  the  cities  diereof."**  When  Nebuchad- 
nezzar took  Jerusalem,  he  carried  off,  with  the  treasure  of  die  temple,  "  all 
llie  ci-aftsmen  and  smiths."  Jeremiah  says  he  earned  away  tlie  "caqien- 
ters  and  smiths,  and  brought  them  to  Babylon."  Diodorus  says,  the  pa- 
laces of  PersepoUs  and  Susa  were  built  by  mechanics  that  Cambyses  car- 
ried from  Egypt.*  Ancient  history  is  full  of  similar  examples.  Alexan- 
der practised  it  to  a  great  exteiit.  After  his  death,  there  was  found  among 
his  tablets,  a  resolution  to  build  several  cities,  some  in  Euroj)e  and  some  in 
Asia;  and  his  design  was  to  people  those  in  Asia  with  Europeans,  and 
those  in  Europe  with  Asiatics.**  In  this  manner  some  of  the  most  useful 
arts,  necessarily  became  common  to  all  the  nations  of  old;  and  their  per- 
petuity in  some  degrree  secui'ed,  especially  such  as  related  to  die  tillage 
and  irriiration  of  the  soil. 

We  are  inclined  to  believe  that  the  hydraulic  machines  of  the  Assy- 
rians, Babylonians,  Persians  and  Egyptians,  have  all,  or  nearly  all,  come 
down  to  us.  Ivlost  of  them  h»ve  been  continued  in  uninteri-upted  cse  in 
those  countries  to  the  present  times ;  while  others  have  reached  us  through 
the  Greeks  and  Romans,  Saracens  and  Moors ;  or,  have  been  obtained 
in  motlern  days  from  China  and  Hinauaian. 

It  is  remarkable  that  almost  all  machines  for  l<n^mg  water,  "''iginated 
with  the  older  nations  of  the  world;  neither  the  Greeks,  (if  the  screw  of 
Conon  be  excepted,  and  even  it  was  invented  r\  egypt,)  nor  the  Romans 
added  a  single  one  to  the  ancient  stock;  nor  is  this  surprising;  for  "with 
few  exceptions,  those  in  use  at  the  present  day,  are  eidier  idep.tical  with 
or  but  modifications  of  those  of  the  ancients. 

It  is  alleged  that  Archytas  of  Tarentum,  400,  B.  C.  invented  ^^hydrau 
lie  machincsj^  but  no  account  of  them  has  reached  our  times,  nor  do  we 
know  that  they  were  designed  to  raise  water.  They  consisted  probably 
m  the  application  of  the  windlass  or  crane,  (die  latter  it  is  said  he  invent 
cd)  to  move  machines  for  this  purpose.  Had  any  im]>ortant  or  useful  ma 
chine  for  raising  water,  been  devised  by  him,  it  would  have  been  continued 
m  use ;  and  would  certainly  have  been  noticed  by  Vitruvius,  who  was  ac- 
quainted with  his  inventions,  and  who  mentions  him  several  times  in  his 
work.    1  b.  chap.  1.,  and  9  b.  chap.  3.* 

We  have  arranged  the  machines  described  in  this  work  in  five  classes; 
to  each  of  which,  a  separate  book  is  devoted.  A  few  chapters  of  the 
first  book,  are  occupied  with  remarks  on  water  ;  on  the  origin  op  ves- 


>1  Sam.  chap.  xiii«  19,  22.    ^  Kingd  chap.  xvii.  23,  24.    ^Goguet,  Tom.  iii,  13. 

^Diodoruii  Siculus,  quoted  by  Robertson.  India  page  191.  See  Wilkinson's  Ancient 
Egyptians,  1  vol.  206. 

*Archytas  made  an  automaton  pigeon  of  wood  which  would  fly.  It  was  this  probably, 
wbirh  gave  the  idea  to  the  modem  mechanician  of  Nurcmburgh,  who  constructed  an 
eagle,  which  flew  towards  Charles  V.  on  his  entrance  into  that  ci^ 
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8ELS  for  containing  it;  on  wells  and  fountains,  and  customs  connected 
with  them,  &c. 

Some  persons  are  apt  to  suppose  the  term  hydraulic  mac/iineSf  compri 
ses  every  device  for  raising  water;  but  such  is  not  the  fact.  Apparatus 
jrropeUed  by  it,  as  tide  mills,  &c.  ai-e  hydraulic  machines;  these  do  not 
misc  the  liquid  at  all ;  while  on  the  contrary,  all  those  for  elevating  it,, 
which  are  comprised  ii.  the  second  class,  ai*e  pneumatic  or  hydro-pncumatic 
machines,  their  action  depending  on  the  pressure  and  elasticity  of  the  at- 
mosphere. 

The  first  Class  includes  those,  by  which  the  liquid  is  elevated  In  movable 
vessels,  by  mechanical  force  applied  to  the  latter. 

Water  raised  in  a  bucket,  suspended  to  a  cord,  and  elevated  by  tlic  hand, 
or  by  a  windlass ;  the  common  pole  and  bucket,  used  daily  in  our  rain  wa- 
ter cisterns;  the  sweep  or  lever  so  common  among  our  farmers,  are  exam 
pies  of  this  class;  so  are  tlie  various  wheels,  as  the  tympanum,  noria, 
chain  of  pots;  and  also  tlie  chain  pump,  and  its  modifications.  This  Class 
embraces  all  the  principal  machines  used  in  the  ancient  world;  and  tlie 
greater  part  of  modern  hydraulic  machinery  is  derived  from  it. 

The  second  Class  comprises  such  as  raise  water  through  tubes,  hy  meanb 
of  the  elasticity  and  pressure,  or  weight  of  the  atmosphere;  as  sucking 
pumps,  so  named;  siphons,  syringes,  &c. 

The  aplication  of  these  machines,  unlike  those  of  the  first  class  is  limi- 
ted, because  tlie  atmospliere  is  only  sufficient  to  support  a  column  of  water 
of  from  thirty  to  thirty  five  feet  in  perj)endicular  height;  and  in  elevated 
countries,  (as  Mexico)  much  less.  Numerous  modifications  of  these  ma- 
chines have  been  made  in  modern  times,  but  the  pump  itself  is  of  ancient 
origin. 

Those  which  act  by  com]?rcssion  are  described  in  the  third  Class.  The 
liquid  being  first  admitted  into  a  close  vessel,  is  then  forcibly  expelled 
through  an  aperture  made  for  the  purpose.  In  some  machines  tliis  is  effect- 
ed by  a  solid  body  .'"^oinging  on  tlie  surface  of  the  liquid;  as  the  piston 
of  a  pump :  in  otliers,  tlie  weight  of  a  column  of  water,  is  used  to  accom- 
plish the  same  purpose. 

Syringes,  fii-e  engines,  pumps  which  are  constructed  on  the  same  princi- 
ple as  the  common  bellov/s,  are  examples  of  the  former;  and  the  famous 
machine  at  Chemnitz  in  Hungary,  Heron'sfountain,  pressure  engines,  of 
the  latter.  Nor  can  the  original  invention  of  these  be  claimed  by  the  mod- 
erns. Like  the  preceding,  they  were  first  developed  by  die  energy  of  an- 
cient intellects. 

Fourth  Class.  There  is  however  another  class,  which  embraces  several 
machines,  whicn  are  supposed  to  be  exclusively  of  modern  origin ; 
and  itoine  of  them  are  by  far  the  most  interesting  and  philosophical  of  aTl. 
Such  as  the  Beiior  hydraulique,  or  ram  of  Montgolfier ;  the  centrifugtl 
pump;  the  fire  engine,  so  named  because  it  raised  water  "by  the  help  of 
fire;"  tliat  is,  die  original  y.eim  engine,  or  machine  of  Worcester,  Alore- 
land,  Savaiy  and  Papin. 

In  the  fifth  Class,  we  have  noticed  such  mocsr-  :*^  vices,  as  are  either 
practically  useful,  or  interesting  from  their  novelty,  or  the  principles  upon 
which  tliey  act.     An  account  of  siphons  is  comprised  in  this  class.     Re 
marks  on  natural  modes  of  raising  water.     Observations  on  cocks,  pipes 
Vbives,  &c;  and  some  general  reflections  are  added. 
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Water  is,  in  many  respects,  the  most  important  substance  known  to  man : 
it  is  more  extensively  diffused  throughout  nature  than  almost  any  other.  It 
covers  the  greater  part  of  the  earth's  surface,  and  is  found  to  pervade  its 
interior  wherever  excavations  are  made.  It  enters  into  every  or  nearly 
every  combination  of  matter,  and  was  supposed  by  some  ancient  philoso- 
phers, to  be  the  origin  of  all  matter;  the  primordial  element;  of  which 
every  object  in  nature  was  formed.  The  mmeral  kingdom,  with  its  varie- 
gated substances  and  chrystalizations ;  the  infinitely  diversified  and  enchan- 
ting productions  of  the  vegetable  world;  ejid  every  living  being  in  anima- 
ted nature,  were  supposed  :o  be  so  many  modifications  of  thic  ac]ueous  fluid. 
According  to  Vitruvius,  the  jJgyptian  priests  taught,  that  "  all  things  con 
gist  of  water;"*  and  Egypt  "vas  doubtless  the  source  whence  Thales  and 
others  derived  die  doctrine.  Pliny,  says  "  this  one  eleri.enc  seemeth  to 
rule  and  conmiand  all  the  rest."*»     And  it  was  remarked  by  Pindar — 

"  Of  d  1  tbings,  water  is  the  best." 

Modem  science  has  shown  that  it  is  not  a  simple  substance,  but  is  com 
posed  of  at  least  two  others ;  neither  of  which,  it  is  possible,  is  elementary. 

Water  not  only  forms  part  of  the  bodies  of  all  animals,*  but  it  constitutes 
the  greatest  portion  of  their  food.  ilJvery  comiort  of  civilized  or  savage  life 
depends  more  or  less  upon  it;  and  life  itself  cannot  be  sustained  without  it. 
If  there  were  no  rains  or  fertilizing  dews,  vegetation  would  cease,  and  every 
animated  being  would  perish,  ^ven  terrestrial  animals  m^y  be  considered  as 
existing  in  water,  for  the  atmosphere  in  which  we  live  and  move,  ir  an  im- 
mense aerial  reservoir  of  it,  and  one  more  capacious  than  all  the  seas  on 
the  face  of  the  earth. 

Water  is  also  the  prominant  agent,  by  which  those  great  physical  and 
chemical  changes  are  effected,  which  the  earth  is  continually  undergoing; 
and  the  stupend.js  effects  produced  by  it,  through  the  iong  series  of  past 
ages,  have  given  rise,  in  modem  times,  to  some  of  the  most  interesting 
deptrtments  of  physical  science. 

The  mechanical  effects  produced  by  it,  render  it  of  the  highest  impor- 
tance in  the  arts.  It  was  the  earliest  source  of  inanimate  motive  power; 
and  has  contributed  more  than  all  other  agents  to  the  amelioration  of  man's 
condition.  By  its  inertia  in  a  running  stream,  and  by  its  gravity  in  a  falling 
one,  it  has  superseded  much  human  toil;  and  has  administered  to  our 
wants,  our  pleasures  and  our  profits;  and  by  its  expansion  into  the  aeriform 


•  Proem  to  b.  viii.    »» Nat.  Hirt.  xxxi,  1. 

«A  human  corpse  which  weighed  an  hundred  and  siz^  pounds-    wlien  the  raoisturr 
was  evaporated,  weighed  but  twelve. 
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state,  it  appears  to  be  destined,  (through  the  steam  erii^liie)  to  accomplish 
tlie  greatest  moral  and  physical  changes,  which  the  intellectual  inhabitants 
ol*  tills  planet  liave  ever  experienced,  since  our  species  became  its  denizens. 

The  distribution  of  water  is  not  uniform  over  the  earth's  surface,  nor  vei 
angler  its  crust.  While  in  some  countries,  natural  fountains,  capacious  rivers, 
and  frequent  rains,  present  abundant  sources  for  all  the  purposes  of  human 
life  ;  in  others,  it  is  extremely  scarce,  and  procured  only  with  difficulty,  and 
constant  labor.  This  has  ever  been  the  case  in  v;iriou«  parts  of  Asia,  and 
also  in  Egypt  and  other  parts  of  Africa,  where  rain  seldom  falls.  It  is 
only  from  a  knowledge  of  this  fact  and  of  the  temperature  and  debilitating 
influences  of  eai^tern  climates,  that  we  are  enabled  to  a[)[)reciate  the  pecu- 
liar force  and  beauty  of  numerous  allusions  to  water,  which  pervade  all 
the  writings  of  eastern  authors,  both  sacred  and  profane.  Nor  without 
tills  knowledge  could  we  understand  many  of  the  peculiar  customs  of  the 
people  of  the  east. 

Mahomet  well  knew  that  his  followers,  living  under  the  scorching 
rays  of  the  sun,  their  flesh  shrivelled  with  the  desiccating  influences  of 
the  air,  and  **  dried  up  with  thirst,"  could  only  be  moved  to  embrace  his 
doctrines  by  such  promises  as  he  madd  them,  of  "  springs  of  living  waters," 
"security  in  shades,"  "  amidst  gardens"  and  "  fountains  pounng  fortli  plen- 
ty of  water."*  Nor  could  his  ingenuity  have  devised  a  more  appropriate 
punishment,  than  that  with  which  he  threatene<l  unljelieving  Arabs  in  hell. 
Tliey  were  to  have  no  mitigation  of  their  torments;  no  cessation  of  them, 
except  at  cei-taln  intervals,  when  they  were  to  take  copious  draughts  of 
^*Jilthj  and  boiling  water."**  It  was  universally  believed  by  die  ancients, 
that  the  MANES  of  their  deceased  friends  experienced  a  suspension  of 
punishment  in  the  infernal  regions,  while  partaking  of  the  provisions  which 
their  relatives  placed  on  their  graves.  The  Arabian  legislator  impi-oved 
upon  the  tradition. 

The  orientals  have  always  considered  water,  either  figuratively  or  lite- 
rally, as  one  of  the  principal  enjoyments  of  a  future  state.  Gardens, 
shades,  and  fountains,  arc  the  prominent  objects  in  their  paradise.  In  tlie 
Revelations  we  are  told  **  the  Lamb  shall  lead  them,  (the  righteous,)  un- 
to living  fountains  of  waters."  Chap,  vii,  17. — '*  A  pure  river  of  water  of 
life."  Chap.  XX il,  1.  The  book  which  contains  an  account  of  the  religion 
and  philosophy  of  the  Hindoos,  is  named  anuertkend,  signifying,  "  the 
cistern  of  tlie  waters  of  life."^ 

Inliabitants  of  temperate  climates,  seldom  or  never  experience  that  ex- 
cruciating thirst  implied  in  such  expressions  as  "  the  soid  panting  for  wa- 
ter;" nor  that  extremity  of  despair  when,  under  such  suffering,  tlie  exhaus- 
ted traveller  arrives  at  a  place  "  where  r.o  water  is."  Under  these  r'\r 
cura?tances,  tlie  orientals  have  often  been  comj)ellei  to  slay  their  camels, 
for  the  sake  of  the  water  they  miglit  find  in  their  stomachs ;  and  a  sura 
exceeding  five  hundred  dollars,  has  been  given  for  a  single  draught  of  it. 

It  is  necessary  tc  experience  something  like  this,  in  order  fully  to  com- 
prehend the  importance  of  die  Savior's  precept,  respecting  the  giving  "a 
cup  of  cold  water,"  and  to  know  the  real  valice  of  such  a  gift.  We  should 
then  see  that  sources  of  this  liquid  are  to  the  orientals,  literally  *^ fountains 
of  life^^  and  "  wells  of  salvaiion^  And  when  we  become  acquainted  with 
their  methods  of  raising  water,  we  shall  perceive  how  singularly  ap[)osite 
ore  those  illustrations,  which  the  author  of  Erclesiastes  has  drawn  from  **ihe 
pitcher  broken  at  the  fountain;"  and  from  "the  wheel  broken  at  the  cis* 
tern."  Chap,  xii,  C. 

•  Salz's  Koran,  chaps  55, 7o,  83.  ^Koran,  chaps.  14, 22,  37.  ^'Million  ofFacU,  p.  25:) 
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In  attempting  to  discover  the  on  gin,  and  to  trace  the  progress  of  the  art 
of  rdi«ing  water,  we  must  have  recourse  to  Asia,  the  birthplace  of  the  artg 
and  sciences;  from  whence,  as  from  a  centre,  they  have  become  extended 
to  the  circumference  of  the  earth.  It  was  there  the  onginal  famiHes  of 
our  race  dwelt,  and  the  inventive  faculties  of  man  were  first  developed.  It 
was  fix)m  the  ancient  inhabitants  of  that  continent  that  much  of  the  know- 
ledge, nearly  all  the  arts,  and  not  a  few  of  the  machines  which  we  possess 
at  this  day,  were  derived. 

That  man  at  the  first  imitated  the  lower  animals  in  quenching  his  thirst  at 
the  running  stream,  there  can  be  no  doubt.  It  was  natural,  and  because  it 
was  so,  his  descendants  have  always  been  found,  when  under  similar  cir- 
curastances,  to  follow  his  example.  The  inhabitants  of  New  Holland,  and 
other  savages  quench  their  thirst  in  this  manner,  (i.  e.  by  laying  down.) 
The  Indians  of  California  were  observed  bv  Shelvock  in  1719,  to  pui-sue 
the  same  method.     **  When  they  want  to  drmk  they  go  to  the  river.*'* 

The  heathen  deities,  who  in  general  were  distingiiishcd  men  and  wo- 
men, that  were  idciized  after  death,  are  represented  as  practising  diis  and 
similar  primeval  customs.  Thus  Ovid  describes  Latona  on  a  journey,  and 
lancmishincr  witli  tliirst,  she  arrives  at  a  brook, 

And  kneding  on  tlie  brink 

Sfooper*  at  th£  fresh  repast^  prepared  to  drink. 

But  was  hindered  by  the  rabble  race.     Metam.  vi,  500. 

When  circ  xmstaiicos  rendered  it  difficult  to  reach  the  li(|uid  with  the 
mouth,  then  "  the  holloto  of  the  hand  "  was  used  to  transfer  it. 

Gideon's  soldiers  pursued  both  modes  in  allaying  their  thirst;**  and  it 
was  the  practif:e  of  the  last,  which  Diogenes  witnessed  in  a  boy  at  Athens, 
which  indulged  that  philosopher  to  dirow  away  his  jug,  as  an  implement  no 
longer  necess*iry. 

Virgil  represents  Eneas  practising  it : 

Then  water  in  his  hollow  palm  he  took 
From  Tyber'8  flood.    En.  viii,  !)o.  Dryden, 

And  7*umuSf  in  the  absence  of  a  suitable  vessel,  made  libations  in  the 
same  way.     The  practice  was  common. 

As  by  tlie  brook  he  stood. 

He  scooped  the  water  from  the  chryHtnl  flood  ; 
Then  with  his  hands  the  drops  to  iieaven  he  throws, 
And  loads  the  powers  above  with  offered  vows. 

"  Ai  sunrise,  the  Bramins  take  water  out  of  a  tank  with  the  hollow  of  their 
hands,  which  tliey  throw  sometimes  behind  and  sometimes  before  them,  in- 
voking Brama."* 

Herodotus,  describing  the  Nasamones,  an  ancient  people  of  northern 
Africa,  observes,  "  when  they  pledge  their  word,  they  drink  alternately 
from  each  other's  hands  ;'*  (b.  iv,  172.)  a  custom  still  retained  among  their 
descendants.  It  is,  according  to  Dr.  Shaw,  "  the  only  ceremony  that  is 
used  by  the  Algerines  in  their  marriages."  (Travels,  p.  303.) 

A  Hindoo,  says  Mr.  Ward,  "  drinks  out  of  a  brass  cup  or  takes  up  li- 
quids in  the  balls  of  his  hands."  (View  of  the  Hindoos,  p.  130.)  This  mode 
of  drinking  may  appear  to  us  constrained  and  awkward ;  but  in  warm  cli- 
mates, the  flexibility  of  the  hirnian  body,  and  custom,  make  the  performance 
of  it  easy  and  not  ungraceful. 

"  I  di-ank  repeatedly  as  I  walked  along,  wherever  the  pebbles  at  th« 
bottom  gleamed  clearest — just  deep  enough  to  use  one^s  hand  as  a  cup.' 

■Voyages  ronnd  the  World,  ii,  231.  Lon.  1774     ^Judges,  rii,  5,  6. 

'  Somierat,  Voyage  to  the  East  Indies  and  China,    i.  lUl.  Calcutta,  1789. 
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(Lord  Lindsay's  Travels,  letter  7,  Arabia.)     Another  English  traveller  no- 
ticed women  in  India  use  "  their  hands  as  ladles  to  fill  their  pitchers." 

Some  writers  suppose  that  Adam,  at  the  beginning  of  his  existence^  was 
not  subject  to  such  inconvenient  modes  of  supplying  his  natural  wants. 
They  will  have  it,  that  he  possessed  the  knowledge  of  a  philosopher,  and 
was  equally  expert  as  a  modem  mechanic,  in  applying  it  to  the  practical 
purposes  of  life.  It  need  scarcely  be  remarked,  that  this  is  imaginary  :  we 
might  as  well  credit  the  visionary  tales  of  the  rabbis,  or  digest  the  equally 
authentic  accounts  of  Mahomedan  writers.  According  to  these,  Adam  must 
have  been  a  blacksmith,  for  he  brought  down  J'rom  paradise  with  him,  five 
things  made  of  iron ;  an  anvU,  a  pair  of  torigHy  two  hamincrn,  a  large  and  a 
small  one,  and  a  necdh!  Analogous  to  this  is  the  affirmation  of  the  Scyth 
ians,  mentioned  by  Herodotus,'  that  there  fell  from  heaven  into  the  Scythian 
district,  four  things  made  of  gold ;  a  plough^  a  yohc,  an  axe^  and  a  gohlet. 
The  palladium  of  Troy,  it  was  said,  also,  fell  down  from  heaven.  It  was 
a  small  statue  of  Pallas,  holding  a  distaff  and  spindle}* 

We  believe  there  is  no  authoi-ity  in  the  bible,  either  for  the  superiority 
of  Adam's  knowledge,  or  of  the  circumstances  in  which  he  was  placed  : 
on  the  contrary,  Moses  represents  him  and  his  immediate  descendants,  in 
that  rude  state,  in  which  all  the  original  and  distinct  tribes  of  men  have  been 
found  at  i.iie  time  or  another;  living  on  the  spontaneous  productions  of  the 
earth,  on  fruits  and  roots;  ignorant  of  the  existence  and  use  of  the  metals,  (and 
there  could  be  no  civilization  where  these  were  unknown;)  naked  and  in- 
sensible of  the  advantages  of  clothing:  in  process  of  time,  using  a  slight  co- 
vering of  leaves,  or  other  vegetable  productions,  and  subsequently  applying 
the  skins  of  animals  to  the  same  purpose;  then  constructing  huLs  oi  dwellings 
of  the  leaves  and  branches  of  trees;  attaining  the  knowledge  of,  and  use  of 
fire  ;  and  making  slight  attempts  to  cultivate  tlie  earth;  for  slight  indeed  they 
must  have  been,  in  the  infancy  of  the  human  race,  before  aiamal  powei 
was  applied  to  agricultural  labor,  or  the  implements  of  husbandry  wer*» 
knowiu  Of  these  last,  rude  implements  formed  of  sticks,  might  have  been, 
and  probably  were  used,  as  diey  have  Ijeen  by  rude  people  in  all  ages. 
Virgil's  description  of  the  aborigines  of  Italy,  previous  to  the  reign  of 
Saturn,  is  merely  a  poetic  version  of  traditions  of  man  in  primeval  times : 

Nor  laws  they  knew,  nor  manners,  nor  the  care 
Of  lab'ring  oxen,  nor  the  shining  share,  (the  plough.) 
Nor  arts  of  gain,  nor  what  they  gaiiied  to  spare. 
Their  exercise  the  chase  :  thn  running  flood 
Supplied  their  thirst :  the  trees  supplied  their  food. 
Then  Saturn  came.    En.  viii,  420. 

Vitnivius  says, "  In  ancient  times,  men,  like  wild  beasts,  lived  in  forests. 
caves,  and  groves,  feeding  on  wild  food ;  and  that  they  acquired  the  art  of 
producing  fire,  from  observing  it  evolved  from  the  branches  of  trees,  when 
violently  nibbed  against  each  other,  during  tempestuous  winds."^ 

Similar  traditions  of  their  ancestors  were  preserved  by  all  the  ancient 
nations,  and  some  of  their  religious  ceremonies  were  based  upon  them. 
Thus  at  the  Plynteria,  a  festival  of  the  Greeks  in  honor  of  Minerva,  it  was 
customary  to  carry  in  the  procession  a  cluster  o£^Sj  which  intimated  the 
progress  of  civilization  among  the  first  inhabitants  of  the  eartii,  as  figs  served 
them  for  food,  after  they  had  acquired  a  disrcl'sh  for  acorns.  The  Area  , 
dians  eat  apples  till  the  Lacedemonians  warred  with  them.** 

The  oak  was  revered  because  it  afforded  man  in  the  first  asjes,  both  foon 
and  drink,  by  its  acorns  and  /wney,  (bees  frequently  making  their  hives 

*  iv,  5.    ^  These  and  similar  traditions  of  other  people,  indicate  the  extreme  antiquity 
of  the  implements  named.  The  ancients  were  aa  igmirant  of  their  origin  as  we  are. 
c  ii,  I.    *  Plutarch  in  Alcibiades  and  Coriolaniu. 
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upon  It,)  and  from  this  circumstance  probably,  was  it  made  "  sacred  to  Jupi- 
ter."    The  elder  Pliny,  in  the  proem  to  his   16th  book,  speaks  of  tree^ 
which  bear  mast,  which  says  he,  "  ministered  the  first  food  unto  our  fore 
fathers."     Thus  Ovid  in  his  description  of  the  golden  age  :— 

The  teeming  earth,  ^et  guiltless  of  the  plough, 

And  anpruvoked,  did  fruitful  stores  allow  : 

Content  with  food  which  nature  freely  bred, 

On  wildings  nnd  on  Ftrawherries  they  fod ; 

Cornels  and  bramble  berries  gave  tao  rest, 

And  falling  acorus  furuuhed  out  the  ferut.      Metam.  ii,  135. 

In  the  ancient  histories  of  the  Chinese,  it  is  recorded  of  their  remote  an 
cestors,  that  they  were  entirely  naked  and  lived  in  ca\'C3 ;  theii*  food  wiU 
herbs  and  fruits,  and  the  raw  flesh  of  animals ;  until  the  art  of  obtaining 
fire  by  the  rubbing  of  two  st'cks  together  was  discovered,  and  husbandry 
introduced. 

There  are  persons  however,  who  suppose  it  dishonoring  the  Creator,  tt 
imagine  that  Adam,  the  immediate  work  of  his  hands,  and  the  intellectual 
and  moral  head  of  the  human  family,  should  at  any  period  of  his  existence 
have  been  destitute  of  many  of  those  resources  which  the  Indians  of  our 
continent,  and  other  savages  po.^sess ;  although  it  is  evident,  that  some 
time  must  have  elapsed  before  he  could  realize,  (if  lie  ever  did,)  all  the 
conveniences  which  even  they  enjoy. 

There  is  nothing  unreasonable  or  unscrlptural  in  supposing  that  all  the 
primitive  arts  originated  in  man's  immediate  wants.     Indeed,  they  could 
not  have  been  introduced  in  any  other  way,  for  it  is  preposterous  to  sup 
pose  uie  Creator  would  directly  reveal  an  art  to  man,  the  utility  of  which 
he  could  not  perceive,  and  the  exercise  of  which  his  wants  did  not  require 

Nor  could  any  art  have  been  preserved  in  the  early  ages,  except  it  fur- 
nished conveniences  which  could  not  otherwise  bo  procured.  On  no 
other  consideration  could  the  early  inhabitants  of  the  world  have  been  in 
duced  to  practice  it.  But  when  success  attended  the  exercise  of  tlieir  in- 
genuity in  devising  means  to  supply  their  natural  and  artificial  wants,  the 
simple  arts  would  be  gradually  introduced,  and  ^eir  progress  and  perpe- 
tuity secured  by  practice  and  by  that  alone. 

This  appears  to  have  been  the  opinion  of  the  ancients: 

Jove  willed  that  man,  by  long  etperienee  taught. 

Should  various  arts  invent  by  gradual  thought.    O^or.  i^  150 
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Water  being  equally  necessary  as  more  solid  food,  man  would  early  be 
impelled  by  his  app^^tite,  to  procure  it  in  larger  quantities  than  were  re- 
quired to  allay  his  thirst  upon  a  single  occasion ;  and,  also  the  means  by 
which  he  might  convey  it  with  him,  in  his  wanderings,  and  to  his  family. 
It  is  not  improbable  that  this  was  the  first  of  man's  natural  wants  which 
required  the  exercise  of  his  inventive  faculties  to  supply.  The  luxuri 
ance  of  the  vegetable  region,  in  which  all  a^ree  that  he  was  placed,  fur- 
niptied  in  abundance  the  means  that  he  sought ;  and  which  his  natural  sa- 
gacity would  lead  him,  almost  instinctively,  to  adc^pt.  The  calabash  or 
60LRD,  was  probably  the  first  vessel  used  by  man  for  collecting  and  con- 
taining water:  and  although  we  have  no  direct  proof  u£  this,  there  is 
evidence,  (that  may  be  deemed  equally  conclusive.)  in  the  geneml  Iket— 
that  man,  in  the  infancy  of  tlie  arts,  libs  always,  A'}»'»n  under  similar  cir 
cumstanccs^  adopted  the  same  means ^  to  accomplish  ir.*-'  ^^me  objects.  Of 
this,  proofs  innumerable,  might  be  adduced  from  the  history  of  the  old 
world,  particularly  with  regard  to  the  uses  and  application  of  natural 
productions;  and  when  at  the  close  of  the  fifteenth  century,  Columbus 
opened  the  way  to  a  riew  world,  having  in  his  search  after  one  continent  dis- 
covered another  (of  which  neither  he,  nor  his  contemporaries  ever  dreamt, 
and  which  in  extent  exceeded  all  that  his  visions  ever  portrayed ;)  he  found 
the  calabash  the  principal  vessel  in  use  among  the  inhabitants,  both  for 
containing  and  transporting  water. 

The  calabashes  of  the  Indians,   (says  Washington  Irving,)  served  al 
the  purposes  of  glass  and  earthenware,  supplying  them  with  all  sorts  of  do 
mesdc  utensils.  They  are  produced  on  stately  trees,  of  the  size  of  elms.^  The 
New  Zealanders  possessed  no  other  vessel  for  holding  liquids ;  and  the 
same  remark  is  applicable  at  the  present  day  to  numerous  savage  tribes 
Osbeck,  in  his  Voyage  to  China,  remarks,  that  the  Javanese  sold  to  Eu^ 
ropean  ships,  among  other  necessaries,  "bottles  of  gourds  filled  with  wa- 
ter, as  it  is  made  up  for  their  own  use."^ 

When  Kotzebue  was  at  Owhyhee,  Tamaahmaah  the  king,  although  he 
^— »«—  - «    -   ■  •  •" 

•  Inrin^'-s  Coliim.  i,  105,  and  Penny  Mag.  for  1S34,  p.  416     ^  i  150 


niiap.  3  ]  TJie  Calabash.  15 

possessed  elegant  European  table  utensils,  used  at  dinner,  agounl  contain- 
ing laro-dough,  into  which  he  dipped  his  fingers,  and  conveyed  it  by 
them  to  his  mouth,  observing  to  the  Russian  navigator,  **  this  is  the  cus- 
tom in  my  country  and  I  will  not  depart  from  it."*  This  conduct  oi  Ta- 
maahinaah,  resembled  that  of  Motezuma.  Solis  observes,  that  he  ha  i 
"  cups  of  gold  and  salvers  of  the  same,"  but  that  he  sometimes  drank  out 
of  cocoas  and  natural  shells.'* 

When  Kotzobue  revisited  the  Radack  Islands,  **  he  carried  to  ther:3 
»ceds  of  gourds  for  valuable  vessels,"  as  well  as  others  of  which  the 
fruit  is  eaten.* 

"  There  is  a  gourd  more  esteemed  by  the  inhabitants  of  Johanna  fo" 
the  large  shell,  than  for  the  meat.  It  will  hold  a  pailful.  Its  figure  is 
like  a  man's  head,  and  therefore  called  a  calabash."^ 

The  people  of  Sumatra  drink  out  of  the  fruit  called  lahu^  resembling 
the  calabash  of  the  West  Indies :  a  hole  being  made  in  the  side  of  the 
neck  and  another  one  at  the  top  for  vent.  In  drinking  they  generally 
hold  the  vessel  at  a  distance  above  their  mouths,  (like  the  ancient  Greeks 
and  Romans)  and  catch  the  stream  as  it  falls;  the  liquid  descending  to  the 
stomach  without  the  action  of  swallowing.* 

Tiie  Japanese  have  a  tradition  that  the  first  man  owed  his  being  to  a 
calabash.^ 

Capt.  Harris,  in  his  "  Wild  sports  of  Southern  Africa"  (chap,  xvii.)  in 
describing  the  residence  of  the  king  of  Kapaue,  observes,  "  the  furniture 
consisted  exclusively  of  calabashes  of  beer,  ranged  round  the  wall."  And 
again  in  chap,  xx  : — "  a  few  melons,  rather  deserving  the  name  of  vegeta- 
bles, were  the  only  fruit  we  met  with  ;  and  these  I  presume  are  nurtured 
chiefly  for  the  gourd,  which  becomes  their  calabash  or  water  flagon." 

Clavigero  says,  "  the  drinking  vessels  of  the  ancient  Mexicans,  were 
made  of  a  fruit  similar  to  gourds."* 

For  such  purposes,  the  calabash  has  ever  been  used  wherever  it  was 
known,  and  will  continue  to  be  so,  as  long  as  it  grows  and  man  lives. 

The  elder  Pliny,  in  speaking  of  the  cultivation  of  gourds,  a  species  of 
which  were  used  as  food  by  the  Romans,  observes,  "  of  late  they  have 
been  used  in  baths  and  hot  houses  for  pots  and  pitchers ;"  but  he  adds, 
that  they  were  used,  in  UTicicTU  times  to  contain  wine,  "  in  place  of  rund- 
lets  and  barrels."  From  him  we  learn  that  the  ancients  had  discovered 
the  means  of  controlling  their  forms  at  pleasure.  He  says,  long  gourds  are 
produced  from  seeds  taken  from  the  neck ;  while  those  from  the  middle 
produce  round  or  sphr rival  ones,  and  those  from  the  sides,  bring  forth  such 
as  are  short  and  thiclcM 

Amon^  the  offerings  which  the  Egyptians  placed  on  their  altars,  was 
the  gourd.  An  undeniable  proof  of  its  value  in  their  estimation;  for  no- 
thing was  ever  offered  by  the  ancients  to  their  gods,  which  was  not  highly 
esteemed  by  themselves.*  The  consecration  of  this  primeval  vessel,  in 
common  with  other  objects  of  ancient  sacrifice,  doubtless  originated  in  ita 
universal  use  in  the  early  ages;  and  most  likely  gave  rise  to  the  subse- 
quent practice  of  dedicating  cups  and  goblets,  of  gold,  silver,  and  some 
times  of  precious  stones. 

As  the  gourd  or  calabash  was  not  only  the  first  vessel  used  to  collect 
and  convey  water,  but  one  apparently  designed  by  the  Creator  for  these 
purposes,  a  figure  of  it  is  here  given. 

*  Vwynfse  Diacov.  Lon.  18il.  i.  313.  and  ii,  IfKJ.     »» Conquest  Mexico,  Lon.  J744.  iii,  83 

*  iii.'l75.    ''A  New  Accntint  of  East  India  and  Persia,  by  Dr.  Fryer.   Lon.  16%.  17 

*  Marden*is  Suniat.  61 .    ^  Montaniis'  Japan.  *27S.    f  Hist,  of  Mexico.  Lon.  1837.  i.  43B 
^Nat.  Hitft  xix.5.    •  Wilkinson  i.*27u. 
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This  interesting  production  of  nature  is  entitled  to  par- 
ticular notice,  because,  it  is,  in  all  probability,  the  original 
moilcl  of  the  earliest  artificial  vessels  of  capacity ;  the 
pattern  from  which  they  were  formed.  It  is  impossible 
to  glance  at  the  figure  without  recognizing  its  striking  re- 
semblance to  our  jugs,  flasks,  jars,  demijohns,  &c.  In- 
deed when  man  first  began  to  make  vessels  of  clay,  he 
had  no  other  pattern  to  guide  him  in  their  formation  but 
this,  one  with  which  he  had  been  so  long  familiar,  and  the 
No.  1.  figure  of  which  experience  had  taught  him  was  so  well 

adapted  to  his  wants.     Independent  of  other  advantages  of  this  form,  it 
is  tiie  best  io  impart  strength  to  fragile  materials. 

Tliut  the  long  necked  vases  of  the  ancients  were  modeled  after  it,  is 
obvious.  Many  of  them  differ  nothing  from  it  in  form,  except  in  the  ad- 
dition of  a  handle  and  base.  The  oldest  vessels  figured  in  the  Grande 
Description  op  E<iYPT,  by  the  Savans  of  France,  and  in  Mr.  Wilkinson's 
late  work  on  tlie  ancient  Egyptians,  are  fac-similes  of  it.  The  same  remark 
applies  to  those  of  ^Ho  Hindoos  and  Chinese. 


If  o.  2.    Ancient  Vases. 

The  first  three  on  the  left  are  of  earthenware  from  Thebes,  fiuin 
Wilkinson's  second  volume,  p.  345,  354.  "  Golden  ewers"  of  a  similar 
form  were  used  by  the  rich  Egyptians  for  containing  water,  to  wash  the 
Mands  and  feet  of  their  guests,  (page  202.)  The  next  is  Etruscan,  from 
the  "  History  of  the  ancient  people  of  Italy."  Florence  1S32.  Plate  82. 
The  adjoining  one  is  a  Chinese  vase,  from  "  Designs  of  Chinese  Build- 
ings, Furniture,"  &c.  Lon.  1757.  The  last  is  from  Egypt.  Similar  shaped 
vessels  of  the  Greeks,  Romans,  and  other  people  might  easily  be  pro- 
duced. See  Salt's  Voyage  to  Abyssinia,  page  408,  and  Graiule  Descrip- 
tion, E.  M.  Vol.  2.  Plates  I,  I,  and  F,  F.  In  the  Hamilton  Collection  of 
Vases,  examples  may  be  found.  In  the  splendid  volume  of  plates  to 
D'Agincourt's  Storia  Dell*  Arte,  the  figure  of  the  gourd  may  be  seen  to 
have  prevailed  in  artificial  vessels  in  the  fourth,  fifth,  and  up  to  the 
twelfth  centuries. 

Numerous  vessels  from  the  tombs  of  the  Incas,  are  identical  in  figure 
with  the  calabash;  while  others,  retaining  its  general  feature,  have  the 
bellied  part  worked  into  resemblances  of  the  human  fare.  As  several 
old  Peruvian  bottles  exhibit  a  peculiar  and  useful  feature,  we  liave  inserted 
(figure  3,)  a  representation  of  one,  in  the  possession  oT  J.  R.  Chilton,  M.  D 
oi  this  city.  An  opening  is  formed  in  the  inner  side  of  the  handle  which 
communicates  with  the  mterior  of  the  vessel,  by  a  smaller  one  made 
through  the  side,  as  shown  in  the  section.  By  this  device  air  is  admit- 
>d.    and  a  person  can  either  drink  from,  or  pour  out  the  contents,  with- 
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out  experiencing  that  disagreeable  gurgling 
which  accompanies  the  emptying  of  a  modern 
boktle.  The  openings  are  so  arranged  as  to 
form  a  very  shrill  whistle — by  blowing  into  tlie 
mouth  of  the  vessel,  a  sound  is  produced, 
equal  to  that  from  a  boatswain's  call  on 
board  a  man  of  war. 

These  vessels  have  been  noticed  by  most 

travelers  in  South  America.     They  are  some- 

w    4    B     «*    »  «i  times  found  double — two  beinff  connected  at 

NcX    Penirian  Bottle  ,        ,  .  ,  ,  ,.      &        .  ... 

the  bottom  with  only  one  discharging  orihce. 
Some  are  of  silver.  Frezier,  among  others,  giv^s  a  figure  of  one  resembling 
two  gourds  united.  It  "  consists  of  two  botti  is  joined  together,  each  about 
six  inches  high,  having  a  hole  (tube)  of  communication  at  the  bottom.  One 
of  them  is  open,  and  the  other  has  on  its  orifice  a  little  animal,  like  a  mon- 
key, eating  a  cod  of  some  sort ;  under  which  is  a  hole  which  makes  a  whist- 
ling when  water  is  poured  out  of  the  mouth  of  the  other  bottle,  or  when 
that  within  is  but  shaken ;  because  the  air  being  pressed  along  the  surliico 
of  both  bottles,  is  forced  out  at  that  little  hole  in  a  violent  manne^."* 

These  whistles  are  so  constnicted,  as  to  play  either  when  the  air  is 
^raion  in  through  them,  or  forced  (nU  Perhaps  the  water  organs  of  the 
ancients,  were  originally  little  more  than  an  assemblage  of  similar  vessels. 
M.  Frezier  thought  the  smallest  of  these  bottles  were  designed  expressly 
to  produce  music  ;  if  so,  they  are  (we  suppose)  the  only  water  instru 
raents  extant.** 

The  large  earthen  vessels  used  by  the  water  carriers  of  Mexico,  strict- 
ly resemble  the  gourd.     Saturday  Mag.  vol.  vi,  128. 

The  "gurgulets"  of  the  Persians,  Hindoos,  and  Egyptians  of  the  present 
day,  are  rather  larger,  but  of  the  same  shape  as  the  Florence  flask,  i.  e 
of  the  gourd.     They  are  formed  "  of  a  porous  earth,  and  are  so  called, 
from  the  sound  made  when  water  is  poured  out  of  them  to  be  drunk,  as 


■  A  Voyage  to  the  South  Sea,  &jc.  in  1712,  '13,  '14.  Lon.  1717.  274. 

^  The  following  extract  from  a  late  newspaper  affoids  additional  information  respect 
ing  the^e  vessels  in  remote  ngB»: 

"'ne  Peruvian  Pompeii. — ^We  recently  gave  a  description  of  an  ancient  subterranean 
city,  destroyed  by  an  earthquake,  or  some  other  sudden  convulsion  of  nature,  lately 
discovered  near  the  port  of  Guarmey,  in  Tnixillo,  on  the  coast  of  Peru.  The  only  ac- 
count of  it  which  appears  to  have  as  yet  been  received  in  ths  United  States,  was  brought 
by  Capt.  Ray  of  Nantucket,  who  a  few  weeks  since  returned  from  the  South  Seas  in 
the  ship  Logan,  and  who,  having  visited  the  spot  whilst  tlie  inhabitants  of  Guarme> 
were  excavating  the  buried  streets  and  buildings,  obtained  several  interesting  relics  of 
Its  ancient  but  unknown  population.  The  Portland  Orion  describes  some  of  these,  of 
which  we  did  not  find  any  mention  in  the  Nantucket  Inquirer  from  whom  we  derived 
our  former  information,  and  they  are  of  a  character  which  may  possihly  afford  the  dili- 
gent antiquary  some  clue  to  the  age  and  origin  of  the  peonle  to  whom  they  belonged. 
Tliey  are  two  grotesquely  shaped  earthen  vessels,  somewhat  rudely  yet  mgeniouslv 
constructed,  of  a  species  of  clay,  colored  or  burnt  nearlv  black.  One  of  these,  whicli 
is  capable  of  holding  about  a  pmt,  is  shaped  somewhat  like  a  auail,  with  a  spout  two 
inches  long,  rising  from  tlie  centre  of  the  back,  from  which  also  a  handle  exteuds  to 
the  side. 

The  other  is  a  double  vessel,  connected  at  the  centre,  and  also  at  the  top.  by  a  handle 
reachinir  from  the  spout  or  nozzle  of  one  vessel  to  the  upper  part  of  the  other — the  lat- 
ter noticing  perforated  but  wrought  into  the  likeness  of  a  very  unprepossessing  hii- 
niau  countenance.  At  the  back  of  what  may  be  considered  the  head  of  this  face,  is  a 
small  liflic,  so  contrived  that  on  blowing  into  the  mouth  of  the  vessel  a  shrill  note  is 
produced,  similar  to  that  of  a  boatswain's  call.  From  tlie  activity  with  which  the  cxca* 
vations  were  proceeding  when  Capt.  Ray  leil  the  place,  it  may  be  hoped  thvtdiwover 
«*»  will  be  maiae  which  will  greatly  add  io  the  antiquarian  history  of  Uiis  couiinent" 
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the  Indians  do  without  louching  it  with  their  lips."*  The  bottles  of  the 
Ne^oes  of  Africa,  are  made  of  woven  grass  of  the  same  shape.  Earth- 
en gargiilets  for  cooling  llquidfl  are  made  in  this  city. 

Ihe  o^ourd  was  not  merely  imitated  by  primitive  potters  and  brazi«rs, 
but  when  the  arts  were  at  their  zenithi  its  hgurs  predominated  in  the  most 
elaborate  of  vases.  The  preceding  remarks  show,  that  ihe^brTW^  of  many 
of  our  ordinary  vessels  of  capacity,  did  not  originate  in  caprice  or  by 
chance,  but  are  derived  from  nature ;  that  the  pattern  which  man  has  co- 
pied, was  furnished  him  by  his  Maker ;  and  that  with  all  his  ingenuity, 
he  has  never  been  able  to  supersede  it.  Persius  in  his  third  Satire,  al- 
ludes to  the  transition  from  primitive  earthenware  and  brazen  vessels  to 
tliose  which  luxury  had  introduced  in  his  days : 

Now  ffold  hath  banished  Numa's  simple  vase, 

And  the  plain  brass  of  Saturn's  frugal  days. — 

Now  do  we  sec  to  precious  goblets  turn, 

The  Tuscan  pitcher,  and  the  vestal  uru.    Drummond,  105. 


VESSELS    FOR    HEATING    WATER. 

Although  not  strictly  connected  with  the  subject,  we  may  observe 
that  the  gourd  is  probably  the  original  vessel  for  heating  water,  rooking^ 
S(n,  In  these  and  other  applications,  the  neck  is  sometimes  used  as  a 
handle,  and  an  opening  made  into  the  body  by  removing  a  portion  of  it, 
(see  illustration  No.  4,)  its  exterior  being  kept  moistened  by  water  whil« 
on  tlic  lire,  as  still  practised  by  some  people,  while  others  apply  a  coating 
of  clay  to  protect  it  from  the  effects  of  flame. 

In  some  parts  where  the  calabash  or  gourd  is  not  cultivated,  cocoa  shells 
are  used  in  the  same  manner.  Kotzebue  found  the  Radack  Islanders 
thus  heating  licjuids.  "  On  my  return,  I  fell  in  with  a  company  sitting 
round  a  fire  and  boiling  something  in  cocoa  shells/***  A  primitive  Su- 
ma f ran  vessel  for  boiling  rice  is  the  bamboo,  which  is  still  used — by  tlie 
time  tlic  rice  is  dressed,  the  vessel  is  nearly  destroyed  by  the  fire.*  When 
in  process  of  time,  vessels  for  heating  water  were  formed  wholly  of  clay, 
tlnjy  were  fashioned  after  the  gourd.  Figures  of  ancient  saucepans  both 
of  metal  Jind  fictile  ware,  greatly  resemble  it,  and  so  do  some  of  those  of 
modern  times.     The  common  earthenware  pipkin  is  an  example. 

This  useful  implement  has  come  down  from  very  remote  ages,  and 
apparently  with  slight  alteration  in  its  figure.  (See  figure  in  No,  4.)  In 
some  parts  of  Europe,  its  form  approaches  still  nearer  to  that  of  the  gourd. 

It  is  used  over  all  the  eastern 
world.  Dampier  observed  in 
Ton<]uin,  **  women  sitting  in  the 
streets  with  a  pipkin,  over  a  small 
fire  full  of  chau,"  or  tea,  which 
.  .  they   thus    prepared    and  sold.* 

v^       ^y  Fosbroke  enumerating  the  house- 

hold utensils  represented  in 
Egyptian  sculptures,  remarks, 
"  we  meet  too   with  vessels  of 

No.  4.   Gourd,  CauMron,  and  Pipkin.  ^^  {>recise  form  of  modern  sauce 

pans."*     An    interesting  circum 
stance  is  recorded  in  Roman  history  in    connection    with  one  of  these 
vessels.     Marcus  Curius  Dentatus,   who  was  three  times  Consul,  was  as 
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•  Fryer's  India  and  Persia,  p.  47. 

•»  Voyap  Discov.  ii,  109,  and  iii,  152,  and  Fryer's  India,  7. 

^  51anid«n'9  Sumatra,  60.    *  Duiiipiefs  Voyage.  Lon.  1705.  ii,  31     •  For.  Topof .  Sa 
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remarkable  for  his  fru^lity  as  his  patriotism.     During  the   irr.e  thtt  he 

swaved  the  destinies  oi  his  country,  the  ambassadors  of  the  Siimnites  vi- 

sited  him  at  his  cottage,  and  found  him  boiling  vegetables  in  an  eartlien 

pot  or  pipkin  ;  they  attempted  to  bribe  him  with  large  presents ;  but  lie 

characteristically  replied,  "  I  prefer  my  earthen  pots  to  all  your  vessels 

of  gold  and  of  silver."     To  this  Juvenal  alludes,  when  contrasting  the 

frugality  of  former  times  with  the  luxury  of  his  contemporaries  : 

When  with  the  herbs"  he  gathered,  Curius  Rtood 

And  seethed  his  pottage  o'er  the  flaming  wood ; 

That  simple  mess,  an  old  Dictator's  treat, 

The  highway  laborer  now  would  scorn  to  eat     Sat.  xi,  105. 

The  common  cast  iron  bellied  kettle  or  cauldron,  furnishes  another 
proof  of  the  forms  of  culinary  vessels  having  undergone  little  or  no 
change,  while  passing  through  so  many  ages :  its  shape  is  precisely  the 
same  as  that  of  the  situla  or  pot,  sculptured  on  the  obelisk  of  Heliopolis, 
(See  its  figure  in  No.  4,  and  Dr.  Shaw's  Travels,  402,  413.)  Others 
with  ears  and  feet,  are  delineated  in  the  Theban  sculptures.  In  the  tomb 
of  Rameses  the  Third,  is  a  graphic  representation  of  an  Egyptian  kitchen, 
showing  the  processes  of  slaying  the  animals — cutting  the  joints — pre- 
paring ingredients  for  seasoning — bai/iTig  the  meat — stirring  the  fire-- 
making  and  baking  bread,  &c.  &c.  The  cauldrons  of  various  sizes  are 
similar  in  shape  to  ours.  Wilkinson's  An.  Egyp.  ii,  351,  383,  385.  There 
is  reason  to  believe  that  boilers  of  this  form  were  common  to  all  the  na- 
tions of  the  ancient  world  ;  that  the  *  pottage  *  by  which  Jacob  defrauded 
Esau  of  his  birthright ;  and  the  *  savoury  meat,'  which  Rebecca  cooked 
for  Isaac,  were  prepared  in  them.  To  one  of  these,  Job  referred  ;  "  out 
of  his  nostrils  goeth  smoke,  as  out  of  a  seething  pot  or  cauldron."  xli,  20. 
And  Elisha  also,  when  he  said  to  his  scsrvant.  "  Set  on  the  great  pot,  and 
seethe  pottage  for  the  sons  of  the  prophets."  2  Kings,  iv,  38.  It  is  often 
mentioned  by  Homer,  inr  whose  writings  it  forms  a  conspicuous  object: 

And  soon  the  flames  encompassing  around  its  ample  bdly. 

Iliad,  xviii,  427.     Coteper 

Such  were  the  boilers  of  Argos,  (respecting  which  arose  the  saying,  "  a 
cook  from  Elis — a  cauldron  from  Argos — tapestry  from  Corinth,  &c.)  and 
of  the  Spartans,  in  which  they  prepared  their  famous  *  black  broth.'  A 
figure  of  a  Roman  cauldron,  in  which  the  priests  boiled  their  portion  of 
the  sacrifice,  is  given  by  Misson,  in  the  first  volume  of  his  Travels,  plate  4. 
It  has  a  bail,  three  studs  or  feet,  and  is  of  a  spherical  shape  resembling 
ours,  but  ornamented  with  figures  round  its  sides. 

The  same  shaped  boilers  were  common  among  the  Gauls,  who  probably 
derived  the  knowledge  of  making  them  from  the  Phenicians.  The  art 
of  tinning  culinary  vessels,  which  they  are  said  to  have  invented,  (Pliny, 
Nat.  Hist,  xxxiv,  17,)  was  most  lik<jly  obtained  from  the  same  source.** 
The  Celtiberi  are  said  to  have  been  expert  workers  of  iron.  Their 
•'  most  ancient  iron  pot,"  had  ears  and  feet,  and  '^^''as  shaped  like  those  of 
the  Egyptians.  (See  its  figure  in  *  Scottish  Gael.'  p.  316.  The  cast  iron 
cauldrons  of  the  Chinese  are  also^xamples.  These  are  made  very  thin; 
and  what  is  singular,  their  mechanics  have  the  art  of  soldering  them  when 
cracked,  with  portions  of  the  same  metal,  by  means  of  a  blow-pipe  and 
»mall  furnace.*     They  are  the  principal  article  of  furniture  in  the  dwell- 

■  Plutarch,  says  they  were  turnips. 

**  Pliny,  b.  xii,  J.  says,  the  Gnuls  were  first  induced  to  invade  Rome,  by  one  of  Uieii 
Founiryiuen,  a  smUh,  who  had  long  worked  in  that  city.  He  carried  home,  figs,  raisins, 
oil  ani  wine,  wliich  "  cet  the  tenth  of  hid  countrymen    watering."     Holland^s  Trans. 

*'' f)uring  onr  sliort  Atay  ^Kix  morning  ir  the  village  of  Fam-konnf  I  had  an  oppor 
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irigs  of  tlio  poor.  The  ketties  of  the  Chinese  says  Mr.  Bell,  (who  lodijed 
one  day  in  a  cook's  house  near  Pekin,)  "  are  indeed  very  thin,  and  made 
of  cast  iron,  being  extremely  smooth  both  within  and  without."  Fuel  ia 
scvce  and  they  used  bellows  to  heat  them.*  These  we  have  no  reason  to 
9<ippose  have  undergone  any  change  from  the  remotest  times,  and  they 
are  in  all  probability  of  the  same  form  as  the  celebrated  cauldrons  of  an- 
tiquity. That  those  of  the  Scythians,  the  ancient  Tartars  and  Chinese, 
were  similar  to  those  of  the  Greeks,  is  asseited  by  Herodotus.  "  A3 
Scythia  is  barren  of  wood,  they  have  the  following  contrivance  to  dress 
the  flesh  of  the  victim :  having  flayed  the  animal,  they  strip  the  flesh 
from  the  bones ;  and  if  they  have  them  at  hand,  they  throw  it  into  certain 
jfoU  inade  in  Scythia,  and  resembling  the  lesbian  cauldrons,  though 
somewhat  larger."     Herod,  iv,  61. 

The  boilers  of  the  ancient  Mexicans  and  Peruvians,  had  the  same  ge- 
neral form.  See  plate  31  of  Frezier's  Voyage  to  the  South  Sea,  in  1712, 
'13,  '14.  As  these  people  had  not  the  use  of  iron,  their  vessels  were  of 
earthenware,  copper  and  its  alloys,  silver,  and  even  of  gold.  In  the  temple 
pie  at  Cusco,  "  were  boyling  pols  and  other  vessels  of  gold."  Two  enor- 
mous cauldrons  were  carried  by  the  conquerors  to  Sj>ain,  "  each  suHicient 
wherein  to  boyle  a  cow."  (Purchas*  Pilgrimage,  1061,  and  1073.)  The 
negroes  of  Africa,  made  theirs  of  the  same  shape.  (Generale  Histoire, 
tom.  V,  Planche  88.)  Large  cauldrons  were  common  of  old ;  they  are 
frequently  mentioned  by  Homer,  Herodotus,  &c.  and  in  the  Bible.  Maho- 
met, in  the  34th  chapter  of  the  Koran,  speaks  of  large  cauldrons  be- 
longing to  David.  Some  of  those  represented  at  Thebes,  appear  suf- 
ficiently capacious  to  contain  the  cooks  that  attend  them.  Crcesus  boiled 
together  a  tortoise  and  a  lamb  in  a  large  brasen  cauldron,  which  had  a 
cover  of  the  same  metal ;  hence  the  reply  of  the  Delphic  oracle,  to  the 
demand  of  his  ambassadors  to  be  informed  what  Crcesus  was  at  that  mo- 
ment doing : 

E'en  now  the  odors  to  luy  sense  that  rise 

A  tortoUe  boiling  witli  a  lamb  supplies, 

Where  hra9S  below,  and  brass  above  it  lies.      Herod,  i,  47. 

The  question  naturally  arises — why  such  uniformity  in  the  figure  of  this 
utensil  ]  and  w^hat  has  induced  people  in  distant  times  and  countries  to 
make  it  resemble  a  portion  of  a  hollow  sphere  or  spheroid,  instead  of 
forming  it  with  plane  sides  and  bottom  ]  It  is  clear  there  was  some  con- 
trolling reason  for  this — else  why  should  the  fanciful  Greek  and  Roman 
artists,  have  permitted  it  to  retain  its  primitive  form,  while  all  other  house- 
hold implements,  as  lamps,  vases,  drinking  vessels,  and  tripods,  &c.  were 
moulded  by  them  into  endless  shapes  Brasen  cauldrons  we  know  were 
highly  prized.  They  were  sometimes  polished,  and  their  sides  richly  or- 
namented, but  still  their  general  form  was  the  same  as  those  of  more  an- 
cient people.  In  this  respect,  bolli  Greeks  and  Romans  left  them  as  they 
found  them.  The  reason  is  obvious.  When  a  liquid  is  heated  in  a  cy- 
lindrical or  other  vessel  having  perpendicular  sides,  it  easily  *  hoih  over  ;* 
but  when  the  sides  incline  inwards  at  the  top,  as  in  these  cauldrons  ;  it 
cannot  well  be  thrown  out  by  ebullition  alone ;  for  the  heated  waves  as  they 

tunity  of  seeing  a  tinker  execute  what  I  believe  is  unknown  in  Europe.  He  mended 
and  soldered  fryinsr-pans  of  cast  iron,  that  were  cracked  and  full  of  holes,  and  restored 
them  to  their  primitive  stnte,  so  that  they  became  as  serviceable  as  ever.  He  evpu  took 
BO  little  pains  to  effect  this,  and  succeeded  so  speedily,  as  to  excite  my  astonishment.** 
Van  Braam's  Journal  of  the  Dutch  embassy  to  China,  1794 — 5.  Lon.  171)d.  ii,  7d  and 
Chinese  Repository,  Canton,  183d.  iv,  38. 
*Traveiii  from  Petersbiirgh  to  diverse  parts  '^^  Asia    I^n   I7(>4. 1,  '6VZ. 
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rise  are  directed  towards  the  centre,  where  their  force  is  expended  ag^t.nst 
each  other.  Dyers,  brewers,  distillers,  &c.  are  well  aware  of  this  fact. 
The  remote  ancients  had  therefore  observed  the  inefliciency  of  straight 
sided  boilers,  and  applied  a  simple  and  beautiful  remedy ;  one  whch  was 
possibly  suggested  by  the  previous  use  of  natural  vessels,  as  the  gourd, 
Ace.  This  is  no  mean  proof  of  their  sagacity,  and  of  the  early  progress  of 
the  arts  of  founding  and  moulding.  From  the  extreme  anti(|uity  of  these 
cauldrons,  it  is  not  improbable  that  their  form  is  similar  to^the  pattern, 
which  Tubal-Cain  himself  used,  and  which  he  taught  his  pupils  to  imitate 
Similar  vessels  are  found  in  the  workshops  of  Vulcan.  See  plate  20, 
Painting,  in  D'A gincourt's  Storia  Dell'Arte,  Prato,  1S27.  Brasen  caul- 
drons wereTormerly  considered  suitable  presents  for  kings — rewards  of 
valor — prizes  in  the  games,  &c.  Of  the  gifts  offered  by  Agamemnon  to 
to  appease  the  wrath  of  Achifles,  were — 

Seven  tripods,  never  suilied  yet  by  fire ; 

Of  gold,  ten  talents;  TWbKTif  cauldroxs  brignt'" 

IHmIj  ix,  150.     Cowper, 

They  were  among  the  goods  which  Priam  took  to  redeem  the  body  of 

Hector. 

lie  also  took  ten  tnif»nte  forth  of  gold, 

Ail  weighed;  two  splendid  tripodi ;  CAurnROfs  four: 

Aiid  after  these  a  cup  of  iitHtcliless  worth.     lb.  xxiv.  294. 

The  prizes  at  the  funeral  games  on  the  death  of  Patrocles,  were— 

'  Capacious  cauldroks,  tripods  bright.' 

In  the  17th  century,  they  were  considered  suitable  presents  to   a  Persian 
Emir — "  At  length  he  came,  and   was   presented  by  the   caravan-Bashi 
with  a  piece  of  satin,  half  a  piece  of  scarlet  cloth,  and   two  large  copper 
cauldrons."     Tavernier's  Trav.  Lon.  1678.  61. 

TJiese  unobtrusive  vessels  are  now  used  without  exciting  a  thought  of 
their  worth,  or  of  the  ingenuity  of  those  to  whom  we  are  indebted  for 
them ;  although  they  have  contributed  infinitely  more  to  the  real  comfort 
and  innocent  gratification  of  man,  than  all  the  splendid  vases  that  were 
ever  made.  1  hese  have  always  had  their  admirers  and  historians.  Vo- 
lumes embellished  with  costly  illustrations,  have  been  written  on  their 
forms,  materials,  ages  and  authors  j  but  no  modern  Hamilton,  has  entered 
the  kitchen  to  record  and  illustrate  the  origin,  improvement,  modifications 
and  various  uses  of  the  cauldron.  This  vessel,  like  a  despised  but  ne- 
cessary attendant,  has  been  the  inseparable  companion  of  man  in  his  pro- 
gress from  barbarism  to  refinement,  and  has  administered  to  his  necessi- 
ties at  every  sta^e :  yet  it  has  ever  been  disregarded,  while  literary  rvisi- 
niers  have  expatiated  in  numerous  treatises  on  the  virtues  of  meats  pre- 
pared in  it.  Endless  are  the  essays  on  sauces,  but  the  history  of  the  more 
useful  sauce-pan  is  yet  to  be  written.  An  account  of  this  vessel  and  of 
the  cauldron,  would  place  in  a  very  novel  and  instructive  light,  the  do- 
mestic manners  of  the  world  ;  and  an  examination  of  the  various  modes 
of  heating  the  latter,  would  bring  to  view  many  excellent  devices  for 
economizing  fuel.* 

Vases  used  by  oriental  women  to  convey  water  from  public  wells  and 
fountains  for  domestic  purposes,  are  often  refen-ed  to,  by  sacred  and  pro- 
fane authors.     Figure   No.  5,  represents  a  female  of  Hindostan,  bearing 

■Sc-e  thte  ancient  Peruvian  furnace  in  Frezier's  Voyage  to  the  South  Seas,  by  whicli 
l&rftf:  cnuldrons  were  heated  by  a  wery  small  pot  of  lauLi's  dung,  or  of  the  plai  t  icho 
wldcii  Mere  used  for  wajit  of  other  fuel. 
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om  ,  the  shape  of  which,  closely  resembles  iho 
gourd  with  the  neck  removed.  This  is  their  ge- 
neral form  througliout  the  east,  'J'he  Hindoos, 
have  them  of  copper  or  brass,  as  well  as  of  eartli- 
enware,  but  they  are  all  shaped  alike.  Tliis  is 
not  a  little  singular,  because  a  deviation  from  a 
globular  to  a  cylindrical  form,  would  enable  their 
mechanics  to  make  those  of  niefal'  at  much  less 
expense.  They  therefore  adhere  to  the  pri- 
mitive model,  because  of  its  superiority  over 
others,  or  from  that  adhesion  to  ancient  custom* 
■=-  which  forms  so  prominent  a  featui^  in  Asiatic 
character.  In  the  early  ages  it  was  the  univer- 
sal custom  for  young  women  to  draw  water. 
The  daughters  of  princes  and  chief  men,  were 
ROt  exempt  from  it.  Isis  and  Osiris  are  sometimc^s  represented  with  wa- 
ter vessels  on  their  heads.  There  are  several  interesting  examples  in  the 
Old  Testament.  Homer,  as  might  be  expected,  fre(juently  introduces  fe- 
males thus  occupied.     When  Ntistor  entertained  Telemachus,  he  bade 

The  handmaidb  for  the  feast  prepare, 

The  seats  10  range,  the  fragrant  wood  to  bring, 

And  limpid  waters  from  the  living  spring.     Odys,  iii,  544.  Pope, 

And  again  at  Ithaca ; 

With  duteon.^  haste  a  bevy  fair, 

Of  twenty  virgins  to  tlie  spring  repair : 

•  •  «  •  «  « 

Soon  from  the  fount,  witli  each  a  brinnning  urn, 

(Liunteus  in  tlieir  train)  tiio  maids  return,     lb.  xx,  193  and  2(12 

Fountains  and  wells  became  the  ordinary  places  of  assembly  for  yoimg 
people— t^sj)ecially,  "at  the  time  of  the  evening,  the  time  that  wonniu  ^o 
out  to  draw  water."  Gen.  xxiv,  11.  Several  of  the  Patriarchs  first  be- 
held their  future  wives  on  these  occasions  ;  and  were  doubtless  as  much 
captivated  by  their  industry  and  benevolent  dispositions  in  relieving  the 
w^ants  of  strangers  and  travelers,  as  by  their  personal  charms.     It  was 

Beside  a  clirystal  spring — 

that  Ulysses  met  the  daughter  of  Antiphates.  Travelers  have  often  no- 
ticed tlie  singular  tact  with  which  Asiatic  women  balance  several  of  tlicse 
••vater  pots  on  their  heads  without  once  touching  them  with  their  hands. 
"  The  finest  dames  of  the  Gentoos  disdained  not  to  carry  water  on  their 
heads,  with  sometimes  tico  or  three  earthen  pots  over  one  another,  for  house- 
hold service  ;  the  like  do  all  the  women  of  the  Gentiles."  Fryer's  Trav. 
117,  Atone  of  their  religious  festivals,  Hindoo  women,  "have  a  custom 
of  dancing  with  several  pots  of  water  on  their  heads,  placed  one  above 
another."     Sonnerat,  i,  150. 

A  very  pleasing  instance  of  female  dexterity  in  carrying  water,  is  re 
corded  by  Herodotus,  v,  12.     As  Darius,  king  of  Persia,  was  sitting  pub- 
licly in  one  of  the  streets  of  Sardis,  he  observed  a  young  woman  of  great 
elegance  and  beauty,  bearing  a  vessel  on  her  head,   leading  a  horse  by  a 
bridle  fastened  round  her  arm,  and  at  the  same  time  spinning  some  threatl. 
Darius  viewed  her  as  she  passed,  with  attentive  curiosity,  observing  that 
her  employments  were  not  those  of  a  Persian,  Lydian,  nor  indeed  of  any 
Asiatic  female  ;  prompted  by  what  he  had  seen,  he  sent  some  of  his  at 
tendants  to  observe  what  she  did  witli  the  horse.     They  accordingly  foi 
Inwed  her — AVhen  she  came  to  the  river,  she  gave  llie  horse  some  watci 
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and  then  filled  her  pitcher :  having  done  this,  she  returned  by  tlie  waj 
she  came,  with  the  pitcher  of  water  on  her  head,  the  horse  fastened  by  a 
bridle  to  her  arm,  and  as  before,  employed  in  spinning. 

Industrious  labor  is  an  ornament  to  every  young  woman — indeed  nei- 
ther the  symmetry  of  her  person,  nor  the  vigor  of  her  mind,  can  be  per- 
fectly developed  without  it.  The  fine  forms  and  glowing  health  of  tlio 
women  of  old,  were  chiefly  owing  to  tlieir  temperate  modes-  of  living, 
their  industrious  habits,  and  the  exercise  they  took  in  the  open  air. 

A  circumsti^nce  recorded  in  the  history  of  the  Egyptians, 
accounts  for  the  peculiar  form  of  one  of  their  lavorite  ves- 
sels, the  Canopua;  the  annexed  figure  of  which,  is  taken 
from  the  *  History  of  the  ancient  people  of  Italy,*  plate  27. 
It  was  named  after  one  of  their  deities,  who  became  fa- 
mous on  account  of  a  victory  which  he  obtained  over 
the  Chaldean  deity.  Fire; — the  story  of  which  exhibits 
no  small  degree  of  ingenuity  in  a  priest,  and  it  affords  a 
fair  specimen  of  the  miracles  by  which  people  v/ere  de- 
luded in  remote  times.  The  Chaldeans  boasted,  as  they 
justly  might,  of  the  unlimited  power  of  their  god,  and 
Na  6.  A  Canopui.     they  carried  him  about  to  combat  with  those  of  other 

provinces,  all  which  he  easily  overcame  and  destroyed, 
for  none  of  their  images  were  able  to  resist  the  force  oi'  Jlre  ! — Ai  length 
a  shrewd  priest  of  Canopus,  devised  this  artifice  and  challenged  th<!  Chal 
deans  to  a  trial.  He  took  an  earthen  jar,  in  the  bottom  and  sides  of 
which  he  drilled  a  great  number  of  small  holes  ; — these  he  stopt  up  with 
wax,  and  then  filled  the  jar  with  water:  he  secured  the  head  of  an  old 
image  upon  it,  and  having  painted  and  sufficiently  disguised  it,  brought 
It  forth  as  the  god  Canopus !  In  the  conflict  with  the  Chaldean  Deity 
the  wax  was  soon  melted  by  the  latter,  when  the  water  rushed  out  of  the 
holes,  and  quickly  extinguished  the  Hames.  Univ.  Hist,  i,  206.  In  me- 
mory of  this  victory,  vessels  resembling  the  figure  of  the  god  used  on 
this  occasion  became  common.  Dr.  Shaw  gives  the  figure  of  one  which 
he  brought  with  him  from  Egypt.  Trav.  42o.  See  Montfaucon,  tom.  ii, 
liv.  i,  cap  IS.  A  figure  of  one  throwing  out  water  froni  numerous  holes 
on  every  side  is  also  given.  Tom.  ii,  liv.  iii. 

A  somewhat  similar  case  of  superstition  in  the  middle  ages,  is  quotetl 
by  Bayle  from  Baronius ;  being  a  trial  of  the  virtue  in  the  bones  of  two 
•aints ;  or  rather  a  contest  of  priestly  skill.  Si,  Marlines  relics  being 
carried  over  all  France  came  to  Auxerre,  and  were  deposited  in  the 
church  of  St.  Germain^  where  they  wrought  several  miracles.  The 
priests  of  the  latter  considered  him  as  great  a  saint  as  the  former ;  they 
therefore  demanded  one  half  of  the  receipts,  "  which  were  considerable;" 
but  Martin's  priests  contended  that  it  was  his  relics  that  performed  all 
the  miracles,  and  tlierefore  all  the  gifts  l>elonged  to  them.  To  prove 
this,  they  proposed  that  a  sick  person  should  be  put  between  the  shrines 
o^  the  saints,  to  ascertain  which  performed  the  cure.  They  therefore 
laid  a  leper  between  them,  and  he  was  healed  on  that  side  wliich  was 
next  to  St  Martin's  bones,  and  not  on  the  other  !  the  sick  man  then  very 
naturally  tumed  his  other  side,  and  was  instantly  healed  on  that  also  ! 
Cardinal  Baronius  in  commenting  on  this  result,  seriously  observes,  that 
St.  Germain  was  as  great  a  saint  as  St.  Martin,  but  that  as  the  latter  had 
^oi\e  \nm  \\ie  facor  of  a  vmtf  \iQ  suspended  the  influence  he  had  with 
God,  to  do  \i\9  guest  the  greatest  honor  1  The  custom  of  having  patro.i 
saints  or  gods  was  universal  among  the  ancient  heathen ;  and  rtie  same  syj 
rp'n  was  carried  by  half  pagan  christians  of  the  dark  ages  tr  an  incredible 
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extent  EcclesiostKS  peddled  tho  country,  like  itinerant  jugglers,  with 
sacks  (if  bones  and  other  relics  from  the  charnel  house — the  pretended 
virtues  of  which,  they  sold  to  the  deluded  multitude  as  in  the  above  instance. 


CHAPTER      IV. 

v*N  WeLL»— Wuier  ono  of  the  first  objects  of  ancient  husbandmen— IjOt— Wells  before  the  deluge- 
Di^gin^  them  through  rock  subsequent  to  :he  use  of  metals — Art  of  digging  them  carried  to  great  per- 
fectiou  by  the  Asiatics — Modern  methods  of  making  them  iu  loose  soils  derived  from  the  Eost — Well* 
oAeu  the  nuclei  of  cities — Private  wells  common  of  old — Public  wells  infested  by  Banditti — Wells  uu- 
merous  in  Greece— Introduced  there  by  Dunaus — Facts  connected  with  ihem  iu  the  uiytholngic  age»— 
Per»ian  ambassadors  to  Athens  and  Lucedeinon  thrown  into  well« — Pheniciau,  Cartlmgenian  and  Roman 
wells  extant— Caesar  and  Pompey's  knowledge  of  making  wells  enablsd  them  to  conquer — City  of 
Pompeii  discovered  by  digging  a  well — Wells  in  Ch'ua,  Persia,  Pidcstiue,  India,  and  Turkey — Ciftema 
of  Solomon — Sufferings  of  travelers  from  thirst — Affecting  account  front  Leo  Africanus — Mr.  Bruce  iu 
Abyssinia — Dr.  Ryers  in  Gomliroon — Hindoos  praying  for  water — Caravan  of  3000  persons  and  ISOO 
camels  perished  in  the  African  desert — Crusaders. 

As  the  human  family  multiplied,  its  members  necessarily  kept  extend- 
ing themselves  more  and  more  from  their  first  abode  ;  and  in  searcning 
for  suitable  locations  the  prospect  of  obtaining  water  would  necessarily  e.x- 
ert  a  controlling  inHnence  in  their  decisions.  An  example  of  this,  in  later 
times,  is  given  by  Moses  in  the  case  of  Abraham  and  Lot.  The  land 
was  too  much  crowded  by  their  families  and  flocks,  "so  that  they  cculd 
nor.  dwell  together,"  and  when  they  had  concluded  to  separate,  Lot 
selected  the  plain  of  Jordan,  because  "it  was  wdJ  iratercd  everywhere." 
Gen.  xiii,  10.  In  the  figurative  language  of  the  East,  "  Lot  lifted  up  his 
eyes  and  beheld  all  the  plain  of  Jordan  ;"  in  plain  English,  he  went  and 
car(»fully  examined  it.  When  thus  extending  themselves,  the  early  in- 
habitants of  the  world,  would  frequently  meet  with  locations  every  way 
adapted  to  their  wants  with  the  single  exception  of  water;  circumstances, 
which  necessarily  must  have  excited  their  ingenuity  in  devising  means 
to  obtain  it. 

At  what  period  of  mans'  history  he  first  had  recourse  to  wells,  we 
have  no  account;  nor  of  the  circumstances  which  led  liim  to 2>cni'trafe  th^ 
earthy  in  search  of  water.  Wells,  we  have  no  doubt,  are  of  antediluvian 
origin,  and  the  knowledge  of  them,  like  that  of  the  primitive  arts,  has 
been  preserved  by  uninterrupted  use  from  the  period  of  their  first  dis- 
covery. At  first,  they  were  probably  nothing  more  than  shallow  cavities 
dug  in  moist  places ;  and  their  depth  occasionally  increased,  in  order  to 
contain  the  surface  water  tliat  might  drain  into  tliem  within  certain  inter- 
vals of  time  ;  a  mode  of  obtaining  it  still  practised  among  barbarous  peo- 
ple. The  wells  of  Latakoo,  described  by  Mr.  Campbell,  in  his  "  Travels 
m  South  Africa,"  were  of  this  description.  They  were  but  two  feet 
deep  and  were  emptied  every  morning.  The  people  of  New  Holland, 
the  most  wretched  and  ignorant  of  our  species,  had  similar  excavations, 
at  which  Dntn.picrf  when  on  the  coast  in  16S8,  obtained  a  supply  for  hia 
ships.  He  says,  "  we  filled  our  barrels  with  wuter  at  wells  which  nad  been 
dug  by  the  natives."  Burney's  Voy.  iv,  260.  Wells  are  also  connected 
with  ilie  superstitions  of  the  New  Zealanders ;  and  the  Radack  Islanders, 
when  discovered  by  Kotzebue,  had  pits  or  square  wells,  which   they  had 
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dag  for  water.  Kotzebue's  Voy.  ii,  28,  66,  and  iii,  145,  223.  The  fresh 
water  which  Columbus  found  in  the  huts  belonging  to  the  Indians  of 
Cuba,  was  probably  obtained  from  similar  wells ;  but  which  the  Sjian- 
iards,  who  found  none  but  salt  water,  were  unable  to  discover.  Personal 
Nar.  of  Colum,  67.  Boston,  1827. 

These  simple  excavations  would  naturally  be  multiplied  and  their 
dimensions  enlarged  as  far  as  the  limited  means  of  man,  in  Ujc  early  ages, 
would  permit,  and  his  increasing  wants  require.  But  when  tlie  discovery 
of  the  metals  took  place,  (in  the  seventh  generation  from  the  first  pair,  ac- 
cording to  both  Moses  and  Sanchoniathon,)  the  depth  of  wells  would  no 
longer  be  arrested  by  rocks,  nor  their  construction  limited  to  locations 
where  these  did  not  occur.  From  very  ancient  wells  which  still  remain, 
it  is  certain,  that  at  a  time  long  anterior  to  the  commencement  of  history, 
the  knowledge  of  procuring  water  by  means  of  them,  was  well  under- 
stood, perhaps,  equally  so  as  at  present.  On  this  supposition  only,  can  we 
reconcile  the  selection  of  locations  for  them  composed  wholly  of  rock} 
Some  of  the  oldest  wells  known  are  dug  entirely  through  that  material, 
and  to  a  prodigious  depth. 

Man*s  ingenuity  was,  perhaps,  first  exercised  in  procuring  water; 
and  it  is  not  improbable,  that  the  art  of  constructing  wells  was  more 
rapidly  carried  to  perfection  than  any  other.  The  physical  character  of 
central  Asia,  its  climate,  universal  deficiency  of  water,  its  swarms  of  in- 
habitants, and  their  pastoral,  and  agricultural  pursuits,  would  necessarily 
contribute  to  this  result.  The  Abbe  Fleury,  in  liis  "  Manners  of  the  An- 
cient Israelites,"  justly  observes,  "  their  numerous  herds  of  cattle  necessa- 
rily induced  them  to  set  a  very  high  value  on  their  wells  and  cisterns ;  and 
more  especially  as  they  occupied  a  country  where  there  was  no  river  but 
Jordan,  and  where  rain  seldom  fell."  Chap.  iii.  In  no  other  part  of  the 
world,  even  in  modern  times,  has  more  science  been  evinced,  or  mechani- 
cal skill  displayed  in  penetrating  the  earth,  than  is  exhibited  in  some  of  the 
ancient  wells  of  the  east ;  and  it  is  to  their  authors,  that  we  are  indebted 
for  the  only  known  method  of  sinking  wells  of  great  depth,  through  loose 
soils  and  quicksands,  viz  :  by  first  constructing  a  curb,  (of  stone,  brick, 
&c.)  which  settles  as  the  excavation  is  deepened,  and  tliereby  resists  the 
pressure  of  the  surrounding  soil. 

Wells  are  mentioned  by  Moses,  as  in  common  use  among  the  ancient 
Canaanites ;  some  of  which  at  that  remote  age  adjoined  roads,  for  tlie  be- 
nefit of  travelers  and  the  public  at  large.  Indeed,  all  people  who  have  had 
recourse  to  w^ells,  have  consecrated  some  of  them  to  the  convenience  of 
strangers  and  travelers.  The  first  wells  were  probably  all  of  this  descrip 
tion.  Most  of  those  mentioned  in  history  were  certainly  such.  At  one  of 
these,  Hagar  rested  and  refreshed  herself,  when  she  fled  from  the  ill  treat- 
ment of  Sarah.  And  it  was  "  by  the  way"  of  this  well,  that  Isaac  was  going 
when  he  first  met  with  Rebecca.  And  we  learn  from  Gen.  xxv,  11,  that 
he  subsequendy  took  up  his  abode  near  it ;  a  custom  by  which  wells 
frof^uently  became  nuclei  of  ancient  cities.  Jacob's  well  is  an  example, 
if  really  dug  by  him.  When  that  patriarch  and  his  ffunily  drank  of  its 
waters,  few  dwellings  were  near  it;  (Gen.  xxiii,  19 ;)  but,  before  the  time 
of  Alexander,  these  had  so  far  increased,  as  with  ihe  ancient  Shalem,  to 
form  the  capital  city  of  Samaria.  And  600  years  before  Alexander's  con- 
quest of  Judea,  Jeroboam  when  he  governed  the  ten  tribes  had  a  palace 
in  the  vicinity  of  this  well.  Josephus,  Antiq.  viii,  3.  **  Tadmor  in  the  \vil- 
derness,"  or  Palmyra,  one  of  the  most  splendid  cities  of  the  old  world, 
was  built  by  Solomon  (2  Chron.  viii,  4,)  in  the  Syrian  desert,  and  its  loca- 
tion determined  according  to  Josephus,  (Antiq.  vii ,  6,}  ''  beca«jse  at  that 
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place  only  there  are  springs  and  pits  (wells)  of  water."  Pliny  makes  liio 
same  remark,  and  speaks  of  its  "abundance  of  water."  Nat.  His.  v,  25. 
Bonnini,  in  iiis  *  Syracuse  Antichi,*  remarks  that  most  of  the  Sicilian  cities 
took  their  names  from  the  fountains  they  were  near,  or  the  rivtjrs  thev 
iMjrdered  upon.  Tlie  deep  well  in  the  Cumean  Syi)irs  cave,  gave  Its  name 
hdijhi\  both  to  the  cape  and  town  near  it.  Breval's  Kemaiks  on  Europe,  19 
and  39.  The  same  may  be  said  of  other  European  cili(»s.  Hath  in  Eng- 
land derived  its  name  from  the  springs  near  it.  It  was  named  Caer-Batlon, 
or  the  place  of  baths,  before  the  Roman  invasion.  Tin;  city  of  Wells, 
also,  was  named  after  the  wells  of  water  near  it,  especially  the  one  now 
known  as  St.  Andrew's  WelL  Lewis's  Topogra[)hical  Dictionary.  Many 
otliers  might  be  named. 

Private  wells  wore,  however,  very  common  In  ancient  times.  Abraham 
and  Isaac  constructed  several  for  the  use  of  their  own  families  and  flocks. 
David's  spies  wee  secreted  in  the  well  of  a  private  house.  "Water 
out  of  thine  own  cistern  and  running  waters  out  of  tliine  own  well,"  is 
the  language  of  Proverbs,  v,  15  ;  and  in  the  2d  Book  of  Kings,  xviii,  31, 
we  read  of  "  every  one  drinking  water  out  his  of  own  cistern  ;"  or  pit  as  it 
is  in  the  margin;  a  term  often  used  by  eastern  writers,  synonymously  with 
well.  In  the  plans  of  private  houses  at  Karnac,  it  appears  tliat  the  ancient 
Egyptians  ananged  their  houses  and  courtyards  (Grande  Descriptum, 
tom.  iii,  Planche  xvi,)  in  a  manner  very  similar  to  those  of  the  Romans, 
as  seen  at  Pompeii,  and  like  these,  each  house  was  generally  furnished 
with  a  round  well  and  an  oblong  cistern.  Lardner's  Arts  of  the  Greeks 
and  Romans,  i,  41.  "  If  I  knew  a  man  incurably  thankless,"  says  Seneca, 
"  I  would  yet  be  so  kind  as  to  put  him  on  his  way,  to  let  him  light  a  can- 
dle at  mine,  or  draw  water  at  mywdiy  Seneca  on  Benefits;  L'Estrange's 
Trans.  The  story  of  Apono,  an  Italian  philoso})her,  and  reputed  magi- 
cian, of  the  13fh  century,  indicates  that  almost  every  house  had  a  well. 
He,  however,  had  not  one,  or  it  was  dry,  ari  his  neighbor  haviui?  reiused 
to  let  liis  maid  draw  water  from  his  we..,  Apono,  it  was  s<nvl,  hy  hia 
magic  caused  it  through  revenge  to  be  can  led  off  by  deviK    Batjle. 

Numerous  wells  of  extreme  antiquity  are  still  to  b»-  -it-.r»n  in  Egypt. 
Van  Sleb  notices  several.  Besides  those  in  some  of  the  py^jtmiils,  thcM-e  are 
others  which  are  probably  as  old  as  those  structures.  Mr.  VVilkinson  men- 
tions one  near  the  pymmids  of  Geezer.  An.  Egyp.  vol.  in  Among  the 
ruins  of  Nineveh,  a  city  whose  foundations  were  laid  by  Ashnr.  the  son 
of  an  antediluvian,  is  a  remarkable  well,  which  supplies  the  p*;asant8  of 
the  vicinity  with  water,  and  who  attribute  to  it  many  virtues .•  Captain 
Rich  named  it  Thisbe*^  Well.  The  immediate  successors  of  that  Pharaoh 
who  patronized  Joseph  erected  stations  to  command  the  wells,  (which  were 
previously  in  use,  and  probably  had  been  for  ages,)  at  Wadce  Jcustms,  and 
tliese  same  wells  still  supply  the  port  of  Philoteras  or  il^nnum,  on  the  Red 
Sea,  with  water,  as  they  did  four  thousand  years  ago.** 

The  building  of  stations  to  protect  wells  was  common  in  ancient  times, 
on  account  of  robbers  laying  in  wait  near  them.  There  is  an  allusion  to 
this  in  Judges,  "  They  are  delivered  from  the  noise  of  archers  in  the  places 
of  drawing  water."  Chap,  v,  11.  It  was  at  the  public  fountains  that  the 
Pelasgi  attacked  the  Athenian  women.  Near  the  ruins  of  an  Egyptian 
Temple  at  Wady  El  Mecah,  is  an  enclosure,  in  the  centre  of  which  is  a 
well.  "  All  round  the  well  there  is  a  platform  or  gallery  raised  six  feet, 
on  which  a  guard  of  soldiers  might  walk  all  round.     In  the  upper  part 

■Narrative  of  a  residence  in  Koordistan,  and  on  the    site  of  ancient  Nineveh,  b| 
C.  J.  Rich,  Lou  1836.  Vol  U,  2G  and  34.    i>An.  E^yp.  Vol  i,  46. 
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of  the  wall  are  holes  for  discharging  arrows."  Foshrokes*  For.  Top.  3122 
The  custom  of  guai  Jing  the  roads,  especially  in  the  vicinity  of  tanks  and 
wells,  i«  still  common.  Fryer  in  his  Travels  in  India,  noticed  it.  **  We 
found  them  in  arms,  not  sutiering  their  women  to  stir  out  of*  the  town  un- 
guarded, to  fetch  water."  Page  126,  22:1.  In  Shaw's  Travels  in  Mauri- 
tania, he  noticed  a  beautiful  rill  of  water,  wliich  flowed  into  a  hasin  of 
Roman  wcrkmansiiip,  named  *  tihrub  wc  Kruby^  L  e.  "drink  and  he  off," 
on  account  of  the  danger  of  meeting  assassins  in  its  vicinity.  Sandys 
speaks  of  the  "wells  of  fear."      Travels,  p.  140. 

Ip  ancient  Greece,  wells  were  very  immerous.  The  inhabitants  of 
Aixica  were  supplied  with  water  principally  u.m  them.  Vitruvius  re- 
marks, that  the  other  water  which  they  had,  was  of  bad  quality.  B.  viii, 
Chap.  3.  Plutarch  has  preserved  some  of  the  law...  of  Solon  respecting 
wells.  By  these  it  was  enacted  that  all  persons  who  lived  within  four 
furlongs  of  ^public  well,  had  liberty  to  use  it;  but  when  the  distance  was 
greater,  they  were  to  dig  one  for  themselves  ;  and  they  \vere  requir 
ed  to  dig  at  least  six  feet  from  their  neighbor's  ground.  Life  of  Solon. 
According  to  Pliny,  Danaus  sunk  the  first  wells  in  Greece.  Nat.  His. 
vli,  56.  Plutarch,  in  his  life  of  Cimon,  says  the  Athenians  taught  the  rest 
o^  the  Greeks  "  to  sow  bread  corn,  to  avail  themselves  of  the  use  of  wells, 
and  of  the  benefit  of  fire  "  From  the  connection  in  which  wells  are  here 
mentioned,  it  is  evident,  that  in  the  opinion  of  the  ancient  Greeks,  they 
were  among  the  first  of  man's  inventions  ;  and  hence  the  antiquity  of  de- 
vices to  raise  water  from  them.  In  the  mythologic  ages,  the  labor  of  rais- 
ing water  out  of  depp  wells  was  imposed  as  a  punishment  on  the  daugh 
ters  of  Danaus,  tor  the  nmrder  of  their  husbands.  Tlie  dau£:hters  of  Phae- 
don  (who  was  put  to  deatn  oy  the  thirty  tyrants)  threw  themselves  into  a 
well,  preferring  death  to  dishonor.  The  body  of  Chrysippus,  son  of 
Pelops,  was  disposed  of  in  the  same  way,  after  being  murdered  by  his 
brothers,  or  his  step-mother.  When  Darius  sent  two  heralds  to  demand 
earth  and  water  of  the  Athenians,  (the  giving  of  which  was  an  acknow- 
ledgment of  subjection,)  they  threw  one  of  them  into  a  ditch,  and  the 
other  into  a  well,  telling  them  in  mockery  to  take  what  they  came  for. 
Plutarch.  And  Herodotus  informs  us,  that  the  Lacedemonians  treated  the 
Persian  ambassadors,  who  were  sent  to  them  on  the  same  errand,  in  pre 
cisely  the  same  manner.  Herod.  D.  viii.  133.  These  brutal  acts  led  to 
the  invasion  of  Greece  by  Xerxes. 

Shortly  after  Alexander's  death,  Perdiccas  and  Roxana  murdered  Statii-a 
and  her  sisters,  and  had  their  bodies  thrown  into  a  well.  Hence,  wells 
were  probably  common  in  Babylon  as  well  as  in  Nineveh ;  for  this  was 
most  likely  a  private  one ;  a  public  one  would  scarcely  have  been  select- 
ed, where  concealment  was  required.  Sir  R.  K.  Porter,  in  his  Travels  in 
Georgia,  Persia,  Armenia,  and  ancient  Babylon,  Vol.  i.  698,  speaks  of  the 
remains  of  an  ancient  and  "  amazing  deep  well,"  near  Shiraz.  Remains 
of  Phenician  and  Carthagenian  wells  are  still  to  be  seen.  Near  the  ancient 
Barca,  Delia  Celia  discovered  "  wells  of  great  depth,  some  of  which  still 
afford  most  excellent  water."*  At  Arar,  are  others,  some  of  which  are 
excavated  through  rocks  of  sandstone.  At  Arzew,  the  ancient  Arsenaria, 
Dr.  Shaw  observed  a  number  of  wells,  "  which  from  the  masonry  appear 
to  be  as  old  as  the  city."**  The  celebrated  fountain  of  the  sun  of  the  an- 
cients, near  the  temple  of  Jupiter  Ammon,  according  to  Belzoni,  is 
a  WELL  sixty  feet  deep,   and   eight    feet   square.      (In   this   case  and 
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numerous  otlicrs,  the  terms  "  well"  and  "  fountain,'*  are  synonymous. 
'*  The  following  is  among  the  first  observations  of  Sir  William  G-eii, 
after  landing  on  the  Tioad ;  "we  past  many  wells  on  the  road»  a 
proof  that  the  country  was  once  more  populous  than  at  present.*  The 
inhabitants  of  Ithaca,  the  birth  place  of  Ulysses  -and  Telemachus,  and 
the  scene  of  some  of  the  principal  events  recorded  in  the  poetry  oi 
Homer,  still  draw  their  supplies  of  water,  as  in  former  times,  from  wells.'* 
And  a-s  in  other  places,  a  tower  was  anciently  erected  to  guard  one  oi 
these  wells,  and  protect  the  inhabitants  while  drawing  water  from  it* 

The  ancient  Egyptians  irrigated  the  borders  of  the  desert  above  the 
reach  of  the  inundations  of  tlie  Nile,y;ow  wells,  which  they  dug  for  that 
purpose.**      The  Chinese  also  use  wells  to  water  their  land. 

As  it  regards  the  antiquity  and  importance  of  wells,  it  has  been  oliserved 
that  the  earliest  account  on  record  of  the  jmrcliase  of  land,  23  Gen.  waa 
subsequent  to  that  of  a  well,  Gen.  xxi,  30. 

Roman  wells  are  found  in  every  country  which  that  people  conquered. 
Their  armies  had  constant  recourse  to  them,  when  other  sources  of  water 
failed,  or  were  cut  off  by  their  enemies.  Paulus  Emilius,  Pompey,  and  Cae- 
sar, often  preserved  their  troops  from  destruction  by  having  recourse  to  them. 
This  was  strikingly  illustrated  by  CeBsar  when  besieged  in  Alexandria ;  the 
water  in  the  cisterns  having  been  spoiled  by  the  Egyptians.  It  was  Pom- 
pey*s  superior  knowledge  in  thus  obtaining  water,  which  enabled  him  to 
overthrow  Mithridates,  by  retaining  possession  of  an  important  post, 
which  the  latter  abandoned  for  want  of  water.  Thus  the  destinies  of 
these  manslayers  and  their  armies,  frequently  depended  on  the  wellf 
which  they  made. 

The  city  of  Rome,  previous  to  the  time  of  Applus  Claudius  Csecus,  whc 
first  conveyed  water  to  it  by  an  aqueduct  A.  U.  C.  411,  was  suppfied  chiefly 
from  fountains  and  wells,  several  of  which  are  preserved  to  this  day.  (At 
Chartres  in  France,  a  Roman  well  is  still  known  as  the  *  Saints'  Well,*  on 
account  of  martyrs  drowned  in  it  by  the  Romans.) 

In  noticing  the  wells  of  ancient  Italy,  we  may  refer  to  a  circumstance, 
which  although  trivial  in  itself,  led  to  the  most  surprising  discovery  that 
had  ever  taken  place  on  this  globe,  and  one  which  in  the  interest  it  \\M 
excited  is  unexampled.  In  the  early  part  of  the  eighteenth  century,  1711, 
an  Italian  peasant  while  digging  a  well  near  his  cottage,  found  somo 
fragments  of  colored  marble.  These  attracting  attention,  led  to  further  ex- 
cavation, when  a  statue  of  Hercules  was  disinterred,  and  shortly  after- 
wards a  mutilated  one  of  Cleopatra,  These  specimens  of  ancient  art, 
were  found  at  a  considerable  depth  below  the  surface,  and  in  a  place 
which  subsequently  proved  to  be  a  temple  situated  in  the  centre  of  the 
ancient  city  of  Herculaneum !  This  city  was  overwhelmed  with  ashes 
and  lava,  during  an  eruption  of  Vesuvius,  A.  D.  79,  being  the  same  in 
which  the  elder  Pliny  perished,  who  was  suffocated  with  sulphurous  va- 
pors, lika  Lot's  wife  in  a  similar  calamity.  Herculaneum  therefore  had 
i)een  buried  1630  years  I  and  while  every  memorial  of  it  was  lost,  and 
ev»n  the  site  unknown,  it  was  thus  suddenly,  by  a  resuriection  then 
unparalleled  in  the  annals  of  the  world,  brought  again  to  light ;  and 
streets,  temples,  houses,  statues,  paintings,  jewellery,  professional  imple- 
ments, kitchen  utensils,  and  other  articles  conn  xted  with  ancient  domestio 
life,  were  to  be  seen  arranged,  as  when  thei;  owners  were  actively  mov- 
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ing  among  them.  Even  the  skeletons  of  some  of  the  inhabitanLs  were 
found  ;  one,  near  the  tliresliold  of  his  door,  with  a  bag  of  money  in  his 
hand,  and  apparently  in  the  act  of  escaping. 

The  ligiit  which  this  important  discovery  reflected  upon  numerous  sub- 
jects connected  with  the  ancients,  has  greatly  eclipsed  all  previous  sour- 
ces of  information ;  and  as  regards  some  of  the  arts  ol*  the  Romans,  the 
information  thus  obtained,  may  be  considered  almost  as  full  and  satisfactory, 
as  if  one  of  their  mechanics  had  risen  from  the  dead  and  described  them. 

Among  the  early  discoveries  made  in  this  city  of  Hercules,  (it  having 
lieen  founded  by,  or  in  honor  of  him,  1250,  B.  C.)  not  the  least  interesting 
is  one  of  its  public  wells  j  which  having  been  covered  by  an  arch  and 
surrounded  by  a  curb,  the  ashes  were  excluded.  Phil.  Trans,  xlvii, 
lol.  This  well  was  found  in  a  high  state  of  preservation — it  still  con- 
tains excellent  water,  and  is  in  the  same  condition  as  when  the  last  fe- 
males retired  from  it,  bearing  vases  of  its  water  to  their  dwellings,  and 
probably  on  the  evening  that  preceded  the  calamity,  which  drove  them 
from  it  for  ever. 

Forty  years  after  the  discovery  of  Herculaneum,  another  city  over- 
whelmed at  the  same  time,  was  "  destined  to  be  the  partner  of  its  disinter 
ment,  as  well  as  of  its  burial."  This  was  Pompeii,  the  very  name  of 
which  had  been  almost  forgotten.  As  it  lay  at  a  greater  distance  from 
Vesuvius  than  Herculaneum,  the  stream  of  lava  never  reached  it.  It  was 
inhumed  by  showers  of  ashes,  pumice  and  stones,  which  formed  a  bed  of 
variable  depth  from  twelve  to  twenty  feet,  and  which  is  easily  removed; 
whereas  the  former  city  was  entomI)ed  in  ashes  and  lava  to  the  depth  of 
from  seventy  to  a  hundred  feet.  With  the  exception  of  the  upper  stories 
of  the  houses,  which  were  either  consumed  by  red  hot  stones  ejected  from 
the  volcano,  or  ci-ushed  by  the  weight  of  the  matter  collected  on  their 
roofs,  we  behold  in  Pompeii  a  flourishing  city  nearly  m  the  state  In  which 
it  existed  eighteen  centuries  ago !  The  buildings  unaltered  by  newer 
fashions ;  the  paintings  undimmed  by  the  leaden  touch  of  time  ;  household 
furnif  iii^  left  in  the  confusion  of  use ;  articles  even  of  intrinsic  value 
abandoned  in  the  hnrry  of  escape,  yet  safe  from  the  robber,  or  scattered 
about  as  they  fell  from  the  trenibling  hand  which  could  Tiot  stoop  or  pause 
for  the  most  valuable  possessions ;  and  in  seme  instances  the  bones  of  the 
inhabitants,  bearing  sad  testimony  to  the  suddenness  and  completeness  of 
die  calamity  which  overwhelmed  them.  P(impeii,  i,  5.  Lib.  Entertaining 
Knowledge.  In  the  prison,  skeletons  of  unfortunate  men  were  discov- 
ered, their  leg  bones  being  enclosed  in  shackles,  and  are  so  preserved  in 
Uie  museum  at  Portici. 

I  noticed,  says  M.  Simond,  a  striking  memorial  of  this  mighty  eruption, 
m  the  Forum  opposite  to  the  temple  of  Jupiter ;  a  new  altar  of  white 
marble  exquisitely  beautiful,  and  apparently  just  out  of  the  hands  of  the 
sculptor,  had  been  erected  there ;  an  enclosure  was  building  all  around  ; 
the  mortar  just  dashed  against  the  side  of  the  wall,  was  but  half  spread 
oat ;  you  saw  the  long  sliding  stroke  of  the  trowel  about  to  return  and 
obliterate  its  own  track — but  it  never  did  return ;  the  hand  of  the  work 
man  was  suddenly  arrested  ;  and,  after  the  lapse  of  ISOO  years,  the  whole 
looks  so  fresh,  that  you  would  almost  swear  the  mason  was  oidy  gone  to 
his  dinner,  and  about  to  come  back  immediately  to  finish  his  work ! 
We  can  scarcely  conceive  it  possible  for  an  event  connected  with  the  arts 
of  former  ages,  ever  to  happen  in  future  times,  equal  in  interest  to  the  re- 
siirr»»ction  of  these  Roman  towns,  unless  it  be  the  reappearance  of  tlie 
Phenician  cities  of  the  plain. 
From  tlie  facility  of  removing  the  materials  at  Pompeii,  much  greater 
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advances  have  been  made  in  uncoveriiisr  the  buildinsrs  and  clcarirjor  the 
streets,  than  will  probably  ever  be  accomplished  in  Hercuhmenm.  As 
might  have  been  expected,  several  ivclis  have  been  found,  besides  rain- 
tcatcr  cisterns  and  fountains  in  great  numbers.  The  latter  were  so  com- 
mon, that  scarcely  a  street  has  been  found  without  one  ;  -and  evcirv  house 
was  provided  witli  one  or  more  of  the  former. 

During  the  excavations  immediately  previous  to  the  publication  of  Sir 
VVm.  Gell's  splendid  work,  *  Pompeiana,'  in  1832.  a  very   fine   well   was 
discovered  near  the  gate  of  the  Pantheon,  IIG  feet  in  depth  and  contain 
ing. lo  feet  of  water!* 

That  wells  were  numerous  in  Asia  and  the  east  generally,  we  can 
readily  believe,  when  we  learn  that  some  of  the  most  fertile  districts, 
could  neither  be  cultivated  nor  inhabited  without  them.  Not  less  than 
fifty  thousand  wells  were  counted  in  otic  district  of  Hindostan,  when  taken 
possession  of  by  the  British;  several  of  which  are  of  very  high  anticjuity. 
In  China,  wells  are  numerous,  and  often  of  large  dimensions,  and  even 
lined  with  marble.  In  Pekin  they  are  very  common,  some  of  the  deepest 
wells  of  the  world  are  in  this  country.  M.  Arago,  (in  his  Essay  on  Arte- 
sian Wells,)  observes  that  the  Chinese  have  sunk  them  to  the  enormous 
depth  of  eighteen  hundred  feet !  "  Dig  a  well  before  you  are  thirsty,"  is 
one  of  their  ancient  proverbs.  The  scarcity  of  water  over  all  Persia  has 
been  noticed  by  every  traveler  in  that  country.  In  general  the  inhabi- 
tants depend  entirely  on  wells,  the  water  of  which  is  commonly  bad. 
Fryer,  xxxy,  67. 

To  provide  water  for  the  thirsty  has  always  been  esteemed  in  the  east, 
one  of  the  most  excellent  pf  moral  duties,  hence  benevolent  princes  and  rich 
men,  have,  from  the  remotest  ages,  consecrated  a  portion  of  their  wealth 
to  the  construction  of  wells,  tanks,  fountains,  &c.  for  public  use.  It  is  re- 
corded as  one  of  the  glories  of  Uzziah's  reign,  that  he  *'digj:;od  many 
wells."  Over  all  Persia,  there  are  numerous  cisterns  built  for  public  use 
by  the  rich.  Fryer,  225.  "Another  work  of  chanty  among  the  F.indoos" 
observes  Mr.  Ward,  "is  the  digging  of  pools,  *.o  supply  the  iliirsty  traveler 
with  water.  The  cutting  of  these,  and  building  Hights  of  steps,  in  order  to 
descend  into  them,  is  in  many  cases  very  expensive;  4,000  rupc-es,  (2.000 
dollars,)  are  frequently  expended  on  (me."  At  the  ceremony  of  setting  it 
apart  for  public  use,  a  Brahmin,  in  tlie  name  of  the  donor,  exclaims.  "  I 
offer  this  pond  of  water  to  quench  the  thirst  of  mankind,"  after  which  the 
owner  cannot  appropriate  it  to  his  own  use.     Hist.  Hindoos,  374. 

Ferose,  one  of  the  monarchs  of  India,  in  the  fourteenth  century,  •'  built 
fifty  sluices"  (to  irrigate  the  land,)  and  "  one  hundred  and  fifty  wnlls." 
One  of  the  objects,  which  the  fakirs,  or  mendicant  philosophers  of  India, 
have  frequently  in  view,  in  collecting  alms,  is  to  *  dig  a  well,'  and  thereby 
atone  for  some  particular  sin.  Other  devotees  stand  in  the  roads  with 
vessels  of  water,  and  give  drink  to  thirsty  traveh»rs  from  the  same  motives. 
Among  the  6upposed  causes  of  Job's  affliction,  adduced  by  Eliphaz,  was, 
"thou  hast  not  given  water  lo  the  weary  to  drink,"  xxii,  7:  a  most  hor- 
rible accusation  in  such  a  country  as  Syria,  and  one  which  that  ris^hteous 
man  denied  with  the  awful  imprecation,  "  then  let  mine  arm  fall  from  my 
ihoulder  blade,  and  mine  arm  be  broken  from  the  bone."  xxxi,  22 

"  The  sun  was  setting,"  says  Mr.  Emerson,  "as  we  descended  the  last 
chain,  and  with  the  departure  of  dayhght,  our  to**tures  commenced,  as  it 
was  too  dark  to  see  any  of  the  fountains  charitably  erected  by  the  Turk* 
near  the  road."**    Large  legacies  are  sometimes  left  by  pious  Turks  for  the 
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erection  of  fountains,  who  believe  they  can  do  no  act  more  acceptable  to 
God.*  Tills  mode  of  expending  iheir  wealth,  at  the  same  time  that  it 
conferred  real  and  lasting  benefits  on  the  public,  was  the  surest  way  of 
transmitting  to  posterity  the  names  of  the  donors.  The  pools  of  Solomon, 
might  have  preserved  his  name  from  oblivion  had  nothing  else  respecting 
him  been  known.  These  noble  structures,  in  a  land  where  every  other  work 
of  art  has  been  hurried  to  destruction,  remain  almost  as  perfect  as  when 
they  were  constructed,  and  Jerusalem  is  still  supplied  with  water  from 
them,  by  an  earthen  pipe  about  ten  inches  in  diameter.  "  These  reser- 
voirs are  really  worthy  of  Solomon ;  I  had  formed  no  conception  of  their 
magnificence ;  they  are  three  in  number,  the  smallest  between  four,  and 
five  hundred  feet  in  length."  The  waters  are  discharged  from  one  intc 
another,  and  conveyed  from  the  lowest  to  the  city.  "  I  descended  into 
the  third  and  largest ;  it  is  lined  with  plaister  like  the  Indian  chunan,  and 
hanging  terraces  run  all  round  it."     Lindsay's  Trav.  Let.  9. 

According  to  the  moral  doctrines  of  the  Chinese,  "  to  repair  a  road, 
make  a  bridge,  or  dig  a  well,"  will  atone  for  many  sins.  Davis'  China, 
ii,  89.  The  Hindoos,  says  Sonnerat,  believe  the  digging  of  tanks  on  the 
highways,  renders  the  gods  propitious  to  them ;  and  he  adds,  '*  Is  not  this 
the  best  manner  of  honoring  the  deity,  els  it  contributes  to  the  natural 
good  of  his  creatures]"  Vol.  i,  94. 


SUFFERINGS  OF  TRAVELERS  FROM  THIRST 

ITie  extreme  sufferingrs  which  orientals  have  been,  and  are  still  called  to 
endure  from  the  want  ot  wat^r,have  been  no'ior  1  \>j  all  modern  travelers, 
from  Rubriques  and  Marco  Paulo,  to  Burckhardt  an'l  Niebuhr.  Wells  in 
some  routes,  are  a  hundred  miles  apart,  and  are  somotim^is  found  empty ; 
hence  travele/s  have  often  been  obliged  to  slay  their  camels  for  the  wa- 
ter these  animals  retain  in  their  stomachs.  Leo  Afric:a.t^  noticed  two 
marble  monuments  in  his  travels ;  upon  one  of  whion  wac  an  epitaph, 
recording  the  manner  in  which  those  who  slept  beneath  them  had  met 
their  doom.  One  was  a  rich  merchant,  the  other  a  water  carrier,  who 
furnished  caravans  with  water  and  provisions.  On  reaching  this  spot, 
scorched  by  the  sun  and  their  entrails  tortured  by  the  most  excruciating 
thirst;  there  remained  but  a  small  quantity  of  water  between  them.  The 
rich  man,  whose  thirst  now  made  bun  regard  his  gold  as  dirt,  purchased  a 
single  cup  of  it  for  ten  thousand  ducats  ;  but  that  which  possibly  might 
have  been  suiHcient  to  save  the  life  of  one  of  them,  being  divided  be- 
tween both,  served  only  to  prolong  their  sufferings  for  a  moment,  and  they 
both  sunk  into  that  sleep  from  which  there  is  no  waking  upon  earth. 
Lives  of  Travelers,  by  St.  John. 

Mr.  Bruce,  when  in  Abyssinia,  obtained  water  from  the  stomachs  of 
camels,  which  his  comparions  sldw  for  that  purpose  Sometimes  the 
mouths  and  tongues  of  travelers,  from  want  of  this  precious  liquid,  be- 
come dry  and  hard  like  those  of  parrots ;  but  these  are  not  the  only 
people  who  suffer  from  thirst.  During  the  long  continuance  of  a  drought 
which  prevailed  over  all  Judea  in  Ahab's  reign,  every  class  of  people 
suflTered.  1  Kings,  xvii  and  xviii.  And  such  droughts  are  not  uncom- 
mon. **  The  poor  and  needy  seek  water,  and  there  is  none,  and  their 
tongue  faileth  for  thirst,"  (Isa.  xli,  17,)  in  modern  times  as  w.aen  the  pro- 
liet  wr  'te,  and  not  the  poor  alone,  for  "  the  honorable  men  are  famish- 
e*!/'  and;  as  well  as  the  multitude,  are  "  dried  up  with  thirst "  Isa.  v,  13 
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Mechanics  in  cities  were  not  exempt.  **  The  smith  with  the  tongs,  both 
workoth  in  the  coals  and  ilishionetli  it  with  hammers,  and  worketh  it  with 
the  strength  of  his  arms,  is  hungry  and  his  strength  taileth,  he  drinket/ino 
tcatcr  and  is  faints     Isa.  xliv,  12. 

Dr.  Ryers,  wlio  lived  in  the  city  of  Gombroon,  on  the  Persian  Gulf, 
when  describing  the  heat  of  t)ie  climate  and  the  deficiency  and  bad  quality 
of  the  water,  observes  that  the  heat  made  "  the  mountains  gape,  the  rocks 
cleft  in  sunder,  the  waters  stagnate,  to  which  the  birds  with  hanging 
wings  repair  to  quench  their  tliirst ;  for  want  of  which  the  herds  do  low, 
the  camels  cry,  the  barren  earth  opens  wide  for  drink ;  and  all  things  ap 
pear  calamitous  for  want  of  kindly  moisture ;  in  lieu  of  which  hot  blasts 
of  wind  and  showers  of  sand  infest  the  purer  air,  and  drive  not  only  us, 
but  birds  and  beasts  to  seek  remote  dwellings,  or  else  to  perish  here  ;**  and 
after  removing  to  a  village  some  miles  distant,  **  for  the  sake  of  water," 
by  a  metaphor,  that  will  appear  to  some  persons  as  bordering  on  blas- 
phemy, he  says,  "  it  was  as  welcome  to  our  parched  throats,  as  a  drop  o^ 
that  cool  liquid,  to  the  importunate  IXves,**  Fryer,  p.  418.  Under  simila* 
circumstances,  the  Hindoos,  night  and  day  run  through  the  streets,  carry- 
ing boards  with  earth  on  their  heads,  and  loudly  repeating  after  the  Brah- 
mins, a  prayer,  signifying  **God  give  us  water.**  Even  in  Greece  and 
Rome,  where  water  was  in  comparative  abundance,  agricultural  laboreri 
considered  the  Frog  an  object  of  envy,  inasmuch  as  it  had  always 
enough  to  drink  in  the  most  sultry  weather.  Lard.  Arts  Greeks  and  Rom. 
Vol.  li,  20.  The  ignorant  and  clamorous  Israel  tes.  enraged  with  thirst, 
abused  Moses,  and  were  ready  \.o  s^ctip  "^.im,  because  tley  had  no  water. 

One  ot  the  most  appalling  facts  that,  is  recorded  of  suffr-ring  from  thirst 
occurred  in  180.%.  A  caravan  proceeding  from  Timboctoo  to  Talifet,  was 
disappointed  in  not  finding  water  at  the  usual  watering  places ;  when, 
horrible  to  relate,  all  the  persons  belonging  to  it,  two  thousand  in  number, 
besides  eighteen  hundred  camels,  perii/ial  hy  thirst!  Occurr?'^ces  like 
this,  account  for  the  vast  quantities  of  human  and  other  bones,  which  are 
found  heaped  together  in  various  parts  of  the  desert.  Wcnders  of  the 
World,  p.  2X(1.  While  the  crusaders  besieged  Jerusalem,  great  numbers 
perished  of  thirst,  for  the  Turks  had  filled  tlie  wells  in  the  vicinity.  Me- 
morials of  their  sufferings  may  yet  be  found  in  the  heraldic  bearings  of  their 
descendants.  The  charge  of  a  foraging  party  'for  water,*  we  are  told,  *'  waa 
an  office  of  distincticm  ;**  hence,  some  of  the  commanders  on  these  occa- 
sions, subsccjuently  adopted  water  buckets  in  their  coats  of  arms,  as  em- 
blems of  their  labors  in  Palestine.  *  Water  B'^ugettes.'  fj-me  !  part  of 
the  aims  of  Sir  Humphrey  3Jouchier,  vho  was  slain  at  tiie  battle  of  Bur- 
net, in  1471.     Monies*  Ant.  of  Westriinster  Al'boy. 
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Subject  of  Wklm  cooUnoed — ^Wells  worshipp<«1— River  GangM->49iicred  well  at  BenarM -Oaiiof  iA 
ken  at  W^lb— Tradition  of  the  Rabbius-Altara  erected  near  ihem— Invoked-Ceromuniet  with  TUf^xi  to 
water  in  Egypt,  Greece,  Peru,  Mexico,  Rome,  and  Judea — Templea  erected  over  wull« — The  fount&ij 
of  Apolk> — Well  Zem  Zein — Prophet  Jsel— Temple  of  bis — Mahommedan  Mosques — Hindoo  temples 
— Woden's  well — Wells  in  Chinese  temples — Pliny— Cejts  —Gauls — Modern  supert>tilions  with  refiKri 
10  water  and  wells — Hindoos — Algerines — Nineveh — Greeks — Tombs  of  saints  near  wells — Supors'i* 
lions  of  the  Persians — Anglo  Saxons"-Hindoos— Scotch-— English— St.  Genevieve's  well— St.  Wint- 
fred*a  well — House  and  well  *  warming.' 

In  the  early  ages  water  was  reverenced  as  the  substance  of  which  all 
things  in  the  universe  were  supposed  to  be  made,  and  tlie  vivifying  prin- 
ciple that  animated  the  whole;  hence,  rivers,  fountains,  and  wells,  were 
worship|)ed  and  religious  feasts  and  ceremonies  instituted  in  honor  of 
them,  or  of  the  spirits  which  were  believed  to  preside  over  them.  Al- 
most all  nations  retain  relics  of  this  superstition,  while  in  some  it  is  practi- 
sed to  a  lamentable  extent.  Asia  exhibits  the  humiliating  spectacle  of 
millions  of  her  people  degraded  by  it,  as  in  former  ages.  Shoals  of  pil- 
grims are  constantly  in  motion  over  all  Hindoston,  on  their  way  to  the 
'  sacred  Ganges ;'  their  tracks  stained  with  the  blood  and  covered  with 
ihc  bones  of  thousands  that  perish  on  the  road.  With  these  people,  it  is 
deemed  a  virtue  even  to  think  of  this  river;  while  to  bathe  in  its  waters 
washes  away  all  sin,  and  to  expire  on  its  brink,  or  be  suffocated  in  it,  is 
tJie  climax  of  human  felicity.  The  holy  well  in  the  city  of  Benares  is 
visited  by  devotees  from  all  parts  of  India ;  to  it  they  offer  rice,  &c.  as  to 
their  idols. 

From  tills  sacred  character  of  water,  it  very  early  became  a  custom,  in 
order  to  render  obligations  inviolable,  to  take  oaths,  conclude  treaties, 
make  bargains,  &c.  at  wells.  We  learn  that  when  Jacob  was  on  his  way 
to  Egypt,  he  came  to  the  "  well  of  the  oath,"  and  offered  sacrifices  to  God 
JosepFms,  Ant.  ii,  7.  At  the  same  well,  his  grandfather  Abi-aham  conclu- 
ded a  treaty  with  Abimelech,  which  was  accompanied  with  ceremonies 
and  oaths.  Gen.  xxi.  At  the  celebrated  Putcol  hihonis^  at  Rome,  oaths 
were  publicly  administered  every  morning;  a  representation  of  this  well 
is  on  die  reverse  of  a  medal  of  Libo.  Encyc.  Ant.  412.  It  was  believed 
that  the  "oaths  of  the  Gods"  was  also  by  water.  Univer.  His.  Vol.  iv, 
17.  The  Rabbins  have  a  tradition  that  their  kings  were  always  anoint- 
ed by  the  side  of  a  fountain.  Solomon  was  carried  by  order  of  David  to 
the  'fountain  of  Gihon/  and  there  proclaimed  king.     Joseph.  Ant.  vil,  14. 

The  ancient  Cuthites,  says  Mr.  Bryant,  and  the  Persians  after  them,  had 
a  great  veneration  for  fountains  and  streams.  Altars  were  erected  in 
the  vicinity  of  wells  and  fountains,  and  religious  ceremonies  performed 
around  them.     Thus  Ulysses  : 

Beside  a  fountaiu's  sacred  brink,  we  raised 

Our  verdant  altars,  and  tlie  victims  blazed.  Iliad  ii,  368. 

"  Wherever  a  spring  rises,  or  a  river  flows,"  says  Seneca,  "  there  we 
should  build  altars  and  offer  sacrifices,"  and  a  thousand  years  before  Se- 
neca lived,  the  author  f.f  the  68th  Psalm  spoke  of  worshipping  God  from 
the  "  fountains  of  Israel."     The  Syracusans  held  great  festivals  every 
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ycai*  at  the  fountains  of  Aretnnsa,  and  they  sacificed  black  bulls  to  Plutc 
at  the  fountain  of  C^ane.  Wells  were  sometimes  dedicated  to  particular 
deities,  as  the  oracular  fountain  mentioned  by  Pausanias,  near  the  sea  at 
Patra,  which  still  remains  nearly  as  he  described  it ;  and  having^  been  re- 
dedicated  to  a  christian  saint,  **  is  still  a  sacred  well.**  Divniatid  by 
water,  was  practised  at  this  well.  A  mirror  was  suspended  by  a  thread, 
having  its  polished  surface  upwards,  and  while  floating  on  the  "water, 
presh^es  were  drawn  from  the  images  reflected. 

Polynices,  in  CEdipus  Coloneus,  swears  "by  our  native  fountains  and 
OiJU'  kindred  gods."  Antignr,  'vI.^t  •*!  r»iT»  >  be  sacrificed,  appra's  fo  thn 
**  fountains  of  Dirce,  and  the  grove  of  Thebe."  Ajax  before  iie  aiev/ 
himself,  called  on  the  sun,  the  soil  of  Salamis,  and  "ye  fountains  and 
r  vers  here."     T rag.  of  Sophocles  lit.   trans.  1837. 

"  At  Pencils'  fount  Arit«teu3  stood  and  bowed  with  woe. 

Breathed  his  deep  murmurs  to  the  nymph  below  :         Georgirs  L.  iv,  365. 

Cyrene !  thou  whom  these  fair  springs  revere." 

The  fountain  of  Aponeus,  (now  Albano)  the  birth  place  of  Livy,  was 
an  oracular  one.  That  of  Pirene  at  Corinth,  was  sacred  to  the  muses. 
Eneas  invoked  "  living  fountains"  among  other  "  Ethereal  Gods."  And 
old  Latinus 

"  Sought  the  shades  renowned  for  prophecy. 

Which  near  Albuneas'  sulphureous  fountain  lie."  En.  vii,  124. 

Cicero  says,  the  Roman  priests  and  augurs,  in  their  prayers,  called  on 
the  na  Ties  of  rivers,  brooks,  and  springs. 

Vessels  of  water  were  carried  by  the  Egyptian  priests  in  their  sacred 
processions,  to  denote  the  great  blessings  derived  from  it,  and  that  it  was 
the  beginning  of  all  things.  Vitruvius  says  they  were  accustomed  to 
place  a  vase  of  it  in  their  temples  with  great  devotion,  and  prostrating 
themselves  on  the  earth,  returned  thanks  to  the  divine  goodness  for  its  pro- 
tection. Book  viii.  Proem.  In  the  celebration  of  the  Eleusinian  myste- 
ries,  those  who  entered  the  temple,  washed  their  hands  in  holy  water,  and 
on  the  ninth  and  last  day  of  the  festival,  vessels  of  water  were  offered 
with  great  ceremonies,  and  accompanied  with  mystical  expi-essions  to  the 
Gods.  Those  who  were  initiated  were  prohibited  from  ever  sitting  on 
the  cover  of  a  well.  Sojourners  among  the  Greeks  carried  in  the  religious 
processions,  small  vessels  formed  in  the  shape  of  boats  ;  and  their  daugh- 
ters water  jtots  with  umbrellas.  Rob.  Ant.  Greece.  Plutarch  says, 
*^ fishes  were  not  eaten  of  old,  from  reverence  of  springs." 

Among  the  ancient  Peruvians,  certain  Indians  were  appointed  to  saeri- 
fice  "to  fountains,  springs,  and  rivers."  Pur.  Pil.  1076.  Holy  water  was 
placed  near  the  altars  of  the  Mexicans.  Ibid,  987.  Tlaloc  was  their  God 
of  water;  on  fulfilling  particular  vows  they  bathed  in  the  sacred  pond 
Tezcapan.  The  water  of  the  fountain  Toxpalatl  was  drank  only  at  the 
most  solemn  feasts :  no  one  was  allowed  to  taste  it  at  any  other  time.  Cla- 
vigero,  Lon.  1786,  vol.  i,  251  and  265.  The  Fontinalia  of  the  Romans, 
were  religious  festivals,  held  in  October,  in  honor  of  the  Nymphs  of  wellsi 
and  fountains ;  part  of  the  ceremonies  consisted  in  throwing  nosegays  into 
fountains,  arid  decorating  the  curbs  of  wells  with  wreaths  o£  flowers. 

The  Jews  had  a  religious  festival  in  connection  with  water,  the  origin 
of  which  is  not  clearly  ascertained.  It  was  kep?  on  the  last  day  of  the 
feast  of  tabernacles,  when  they  drew  water  with  great  ceremony  from 
the  pool  of  Siloah  and  conveyed  it  to  the  temple.*     It  is  supposed,  the  Sa- 
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vior  alludes  to  this  practice,  when  on  "  the  last  day,  that  great  day  of  t}ie 
feast,  he  stood  and  cried,  saying,  if  any  man  thirst,  let  him  come  unto  me, 
and  drink.  He  that  believeth  on  me,  as  the  scripture  hath  said,  cat  of  his 
belly  shall  flow  rivers  of  living  waters."  John,  vii,  37.  One  o{  tlic  five 
solemn  festivals  of  the  people  of  Pegu,  is  *  the  feast  of  water,'  during 
which,  *  the  king,  nobles  ami  all  the  people  throw  water  upon  one  anotlier.' 
Ovington's  Voy.  to  Surat.  1689.  597.  The  superstitious  veneration  for  wells, 
induced  the  anci^nc8  to  erect  temples  near,  and  sometimes  over  them ;  as 
the  fountain  of  Ap<>llo,  near  the  temple  of  Jupiter  Amnion ;  the  well 
Zemzem  in  the  temple  of  Mecca,  &c.  In  accordance  with  this  prevailing 
custom,  we  find  the  prophet  Joel  speaks  of  a  fountain  which  should  come 
forth  out  of  the  house  of  the  Lord,  and  water  the  valley,  iii,  18.  And 
when  Jeroboam  built  a  temple,  that  the  ten  tribes  mi^hl  not  be  obliged  to 
go  to  Jerusalem  to  worship,  and  there  be  seduced  from  him,  Josephus 
tells  us,  that  he  built  it  by  the  fountains  of  the  lesser  Jordan.  Anticj.  viii, 
cap.  8.  In  the  temple  of  Isis,  at  PoiL^ii,  ihe  *  sacred  well*  has  been 
found.  Pompeii,  i,  277,  279. 

The  ancient  custom  of  enclosing  wells  in  religious  edifices  was  adopted 
by  both  Christians  and  Mahommedans.     Anions;  the  latter  it  is  still  con 
tinued,  and  it  is  not  altogether  abandoned  by  the  former. 

"  This  afternoon,"  says  Fryer,  speaking  of  one  of  the  mosques  in  India, 
"their  sanctum  sanct4?mm  was  open,  the  priest  entering  in  barefoot,  and 
prostrating  himself  on  one  of  the  mats  spread  on  the  floor,  whither  I  must 
not  have  gone,  could  nis  authority  have  kept  me  out.  The  walls  were 
white  and  clean  but  plain,  only  the  commandments  wrote  in  Arabic  at  the 
west  end,  were  hung  over  a  table  in  an  arched  place,  where  the  priest  ex- 
pounds, on  an  ascent  of  seven  steps,  railed  at  top  with  stone  very  hand- 
somely. Underneath  are  fine  cool  vaults,  and  stone  stairs  to  descend  to  a 
deep  tank.^* 

As  it  was  formerly  death  to  a  christian  who  entered  a  mosque,  we  shall 
add  a  more  recent  instance.     In  1831,  Mr.  St.  John  disguised  himself^ 
like  Burckhardt,  in  the  costume  of  a  native,  and  visited   the  mosques  of 
Cairo.     In  tliat  of  Sultan  Hassan,  he  observes,  "  ascending  a  long  flighl 
of  steps,  and  passing  under  a  magnificent  doom'^ay,  we  entered  the  vesti- 
bule, and  proceeded  towards  the  7nost  sacred  portion  of  the  edifice,  where, 
on  stepping  over  a  small  railing,  it  was  necessary  to  take  off  our  babooshes, 
or  red  Turkish  shoes.     Here  we  beheld  a  spacious  square  court,  paved 
with  marble  of  various  colors,   fancifully   arranged,   with   a  beautiful  oc- 
tagonal marble  fountain  in  the  centre."    Egypt  nnd  Mohammed  Ali,  ii,  338. 
It  is  the  same  in  Persia.     Tavern.  Trav.   Lon.   1678.  29.     The  temples 
of  India  says  Sonnerat,  have  a  sacred  tank,  deified  by   the  Brahmins 
The  figures  of  gods  are  sometimes  thrown  *  into  a  tank  or  well.'  Voy.  i. 
Ill,   132.     In  old  times,  churches  were  removed  from  other  buildings, 
and  were  surrounded  with  courts,  in   the   centre  of  which   there  were 
fountains,  where  people  washed  before  going  to  prayers.  Moreri  Die.  In 
one  of  the  old  churches  at  Upsal,  is  an  ancient  well,   that  had  formerly 
been  famous  '  for  its  miraculous  cures.*     Woden's  well  is   still   shown 
in  the  same  city.    It  was  in  the  vicinity  of  the  old  temple  of  that  great 
florthem  deity.  De  la  Mortraye's  Trav.  ii,   262.     Van  Braam  noticed  a 
Hell   in  one  of  the   large   temples  of  China.     Jonrn.  ii,    224.     *  Sacred 
springs/  are  mentioned  by  Juvenal.  3  Sat.  30.     Pliny  speaks  of  fountains 
%nd  wells  of  water  as  very  *  wholesome  and  proper  for  the  cure  of  many 
•li3ea*«es  ;*  to  which,  he  says,  there  is  ascribed  some  divine  power,  inso- 
much that  they  give  names  to  sur^ry  gods  and  goddesses,  xxxi,  2.     The 
Ti'to  venerated  lakes,  rivers,  and     ountains,  into  which  they  threw  gold 
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The  Biitons  and  Picts  did  the  same.  Scot.  Gael,  258.  Mezeray,  in  hii 
History  of  France,  when  speaking  of  the  church  in  the  third  and  fourtr 
centuries,  remarks,  *  Hitherto  veiy  few  of  the  French  had  received  the 
light  of  the  gospel ;  they  yet  adored  treeSt  fountains,  serpents,  and  birds.' 
i,  4.  In  the  eighth  century,  the  council  of  Soissons  condemned  a  heretic, 
who  built  oratories  and  set  up  crosses  near  fountains.  Sec.   lb.  113. 

Ancient  superstitions  with  regard  to  water  are  still  practised  more  or 
less  over  a  great  pa'^t  of  the  world.  At  the  first  new  moon  in  October, 
the  Hindoos  hold  a  great  celebration  to  their  Deities.  "  The  next  moon, 
their  women  flock  to  the  saa'cd  wells  J'  Fryer,  110.  Many  of  the  cere- 
monies performed  in  old  times  by  women  in  honor  of  wells  and  fountains, 
are  yet  practised  in  some  of  the  Grecian  islands.  There  the  females  stir, 
dance  round  the  wells,  the  ancient  Callichoms,  accompanied  with  songs  in 
honor  of  Ceres.  2>r.  Clarke,  ^  I  have  just  returned  this  morning,"  (says  Mr. 
Campbell  in  his  Letters  from  the  South,  Phila.  Ed.  1836,  102,)  "from  wit- 
nessing a  superstitious  ceremony,  which,  though  unwarranted  by  the  Ko- 
ran, is  practised  by  all  Mahometans  here,  [Alters]  black,  brown,  and 
white,  nay  by  the  Jews  also.  It  consists  in  sacrificing  the  life  of  some 
eatable  animal  to  one  of  the  devils  who  inhabit  certain  fountains  near  Al- 
giers. The  victims  were  fowls,  they  were  dipped  in  the  sacred  sea,  as 
Homer  calls  it,  after  which  the  high  priest  took  them  to  a  neighboring 
fountain,  and  having  waved  his  knife  thrice  around  the  head  of  an  old  wo- 
man, who  sat  scjuatting  beside  it,  cut  their  throats,"  &c. 

The  custom  was  probably  a  common  one  in  ancient  Nineveh ;  for  oiice 
a  year  the  peasants  assemble  and  sacrifice  a  s^ieep  at  Thisbe's  well,  with 
music  and  other  festivities.  The  Greeks  are  so  much  attached  to  groiio%?a 
and  wells,  that  "  there  is  scarcely  one  in  all  Greece  and  the  islands,  which 
is  not  consecrated  to  the  Virgin,  who  seems  to  have  succeeded  the  ancient 
nymphs  in  the  guardianship  of  these  places.* 

The  supposed  sanctity  of  wells  also  led  to  the  custom  of  interring  the 
bodies  of  sauits  or  holy  persons  near  them  ;  thus  in  all  parts  of  Egypt, 
the  tombs  of  saints  are  found  in  the  vicinity  of  those  places,  "  where  the 
wandering  dervishes  stop  to  pray,  and  less  pious  travelers  to  quench  their 
thirst."  Some,  says  Fryer,  are  buried  with  "  their  heels  upwards,  like 
Dio€(enes." 

IVars/ef'p  of  wells,  like  many  other  superstitions  of  Pagan  origin,  was 
early  incorporated  with  the  ceremonies  of  the  christian  church,  and  carried 
to  an  idolatrous  excess.  A  schism  took  place  in  Persia  among  the  Arme- 
nians, in  the  tenth  century ;  one  party  was  accused  of  *  despising  tlie  holy 
well  of  Vagarsciebat.*  In  Europe  it  was  at  one  time  universal.  In  En- 
gland, in  the  reigns  of  Canute  and  Edgar,  edicts  were  issued  prohibiting 
w*ell  worship.  When  Hereward  the  Saxon  hero,  held  the  marshes  of 
Ely  against  the  Nonnan  conqueror,  he  said  he  heard  his  hostess  conversing 
with  a  witch  at  midnight!  he  arose  silently  from  his  bed,  and  followed 
them  into  the  garden,  to  a  '  fountain  of  water,'  and  there  he  *  heard  them 
holding  converse  with  the  spirit  of  the  fountain.*  From  a  collection  of 
Anglo  Saxon  ren.ains,  the  following  example  is  taken.  "  If  any  one  ob* 
serve  lots  or  divinations,  or  keep  his  wake,  [watch]  at  any  tcellSf  or  at 
any  other  created  things,  except  at  God's  church,  let  him  fiwt  three  years : 
the  first  one  on  bread  and  water,"  &c.  In  a  Saxon  homily  against  witch- 
craft and  magic,  in  the  library  of  the  University  of  Cambridge,  it  is  said, 
"some  men  are  so  blind,  that  they  brinj  their  offerings  to  imniova);li'  rocks 
and  also  to  trees  and  to  wells,  as  witches  do  teach."    *»The  Hindoos  siill  wor- 


■  Aich'd  Nar.  of  a  Residence  in  Koordistan.  ii,  42.    ^  Forei^  duarterly   JsJy,  Jb33^ 
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ship  stones,  trees,  and  water,  and  make  offerings  to  them."     In  avmajin- 

•ci-ipt  written  in  the  early  part  of  the  fifteenth  century,  there  is  a  humor* 

ouB  song,  in  which  there  is  an  allusion  to  this  superstition.     It  begins  thus : 

'The  la«t  tyme  I  the  tod  woke 
Sir  John  caght  me  with  a  croke, 
He  made  me  swere  be  bel  aiid  boke 
I  shuld  not  tel.' 

Even  so  late  as  the  seventeenth  century,  people  in  Scotland  were  in  the 
iiabit  of  visiting  wells,  at  which  they  performed  numerous  acts  of  super- 
stition. Shaw,  in  his  History  of  the  Province  of  Moray,  ^ys  that  *heatlier. 
customs  were  much  practised  among  the  people,*  and  among  them,  he  in- 
stances their  *  performing  pilgrimages  to  wells,'  and  *  building  chapels  to 
fountains.**  At  the  j)resent  time  in  some  parts  of  England,  remains  of 
well  worship  are  preserved,  in  the  custom  of  performing  annual  proces- 
sions to  them,  decorathig  them  with  wreaths  and  chaplets  of  flowers, 
singing  of  hymns,  and  even  reading  a  portion  of  the  gospel  as  part  of  tlie 
ceremonies. 

These  same  customs  gave  rise  to  the  numerous  holi/  wells,  which  for 
merly  abounded  throughout  the  old  world,  and  the  memory  of  many  of 
which  is  still  preserved  in  names  of  towns.  In  the  church  of  Ncmterre^ 
near  Paris,  the  birth  place  of  Saint  Genevieve,  is  a  well,  by  the  water  of 
which,  this  patroness  of  the  Parisians  miraculously  restored  her  blind 
mother  and  many  others  to  sight !  Breval's  Eu.  307.  Siiint  Winifred's 
well  in  Flintshire,  Eiiir.  from  its  sacred  character  gave  name  to  tlie  town 
of  Holywell.  Mr.  Pennant  says,  the  custom  of  visiting  this  well  in  pil- 
grimage, and  offering  up  devotions  there,  was  not  in  his  time  entirely  laid 
aside:  "in  the  summer,  a  few  are  to  be  seen  in  the  water,  in  deep  devo- 
tion up  to  their  chin  for  hours,  sending  up  their  prayers,  or  performing  a 
number  of  evolutions  round  the  polygonal  well.**  Even  so  late  as  1804, 
a  Roman  catholic  bishop  of  Wolverhampton,  took  much  pains  to  persuade 
the  world,  that  an  ignorant  proselyte  of  his,  named  Winifred  White  was 
miraculously  qured  at  this  well  of  various  chronic  diseases  ! 

The  custom  of  *  house-warming*  is  very  ancient  j  the  same  ceremonies, 
^'Ptre  formerly  performed  on  the  completion  of  new  wells. 


CHAPTER    VI. 

WeDs  Gontinnod:  Depth  of  ancient  well»~ln  Hindoatan — ^Well  of  Tyre — Cartlingenian  wells — ^ej* 
ia  Groeee,  Ilerculbneum  and  Pompeii — Wells  without  curbs — Ancient  lows  to  prevent  acciilcnti  from 
penona  and  animala  falling  into  them — Sagacity  and  revenge  of  an  eleplinni — Hylns— Archelana 
of  Macedoa— Thraciaa  soldier  and  a  lady  at  Tbebe»— Wooden  covers — Wella  in  Juilea— Keiuions  for 
aot  placing  curbs  round  wells— Scythians— Arabs — ^AquiRuB — Abraham — Ilexcltiali — David — Mardo- 
BJus — Moaes  and  thi  people  of  Edom — Burckhardt  in  Petra — Woman  of'Bahurim — Persian  tradiiioi— 
All,  the  fourth  Caliph — Covering  wells  with  large  stones — Mahommedau  tradition — ThcnuAtncioH — Edicts 
erf  Greak  emperors — Well  at  Heliopolis — Juvenal — ^Romaa  and  Grecian  curbs  of  marble — CapitaUi  at 
•acMot  columns  converted  into  curbs  for  wells. 

A  knowledge  of  the  depth  and  other  circumstances,  relating  to  some 
ancient  wells,  is  necessary  to  a  due  investigation  of  tlie  various  methods 
of  raising  water  from  them.     We  cannot  indeed  form  a  correct  judgment 
of  the  latter,  without  some  acquaintance  with  the  former. 
^  ■  ■  ■  ^ 

•  IViijrd'9  Hindoos.  342,  352.    »>  Hone's  Every  Day  Book,  ii,  63fi,  685.  Fosbroke,  684. 
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The^ wells  of  Asia  are  generally  of  great  depth,  and  cf  course  were 
so  in  former  times.  In  Guzzerat,  they  are  from  eighty  to  a  hundred  feet; 
in  the  adjoining  province  of  Mulwah,  they  are  frequently  three  hundred 
feet.  In  Ajmeer,  they  are  from  one  to  two  hundred  feet.  Mr.  Eljihm- 
stone  in  his  mission  to  Cabaul  observes,  *  the  wells  are  often  three  hun 
dred  feet  deep ;  one  was  three  hundred  and  forty  five  ;*  and  with  thi« 
enormous  depth,  some  are  only  three  feet  in  diameter.  The  famous  well 
of  ancient  Tyre,  '  whose  merchants  were  princes,  and  whose  traffickers 
were  the  honorable  of  the  earth,'  is,  according  to  some  travelers,  without 
a  bottom  ;  but  La  Roque,  is  said  by  Volney,  to  have  found  it  at  the  depth 
of  'six  and  thirty  fathom.' 

Shalmanezer  besieged  this  city  of  mechanics  for  five  years,  without 
being  able  to  take  it ;  at  last  he  cut  off  the  waters  of  this  well,  when  the 
inhabitants  dug  others  within  the  city ;  after  which  they  held  out  against 
Nebuchadnezzar,  and  the  whole  power  of  the  Babylonian  empire  fo 
» hirteen  years ;  being  the  longest  siege  on  record,  except  that  of  Ashdod 
Jos.  Antiq.  ix,  14.  Ancient  Carthagenian  wells  of  gi'eat  depth  have  been 
\lready  mentioned.  Dr.  Shaw  (Trav.  135,)  observes  of  a  tribe  of  the  Ka- 
byles,  *  tlieir  country  is  very  dry,  they  have  no  fountains  or  rivulets,  and 
in  order  to  obtain  water,  they  dig  wells  *  to  the  depth  of  from  one  to  two 
hundred  fathom.'  Jacob's  well  is  a  hundred  and  nine  feet,  and  Joseph's 
well  at  Cairo,  nc^ar  three  hundred  feet  deep.  The  well  Zemzemat  Mecca, 
is  two  hundred  and  ten  feet.  *  Exceeding  deep  wells'  in  Surat,  are  men- 
tioned by  Toreen,  in  Osbeck's  Voyage  to  China.  That  the  wells  of  Attica 
were  generally  deep,  is  obvious  from  a  provisioii  in  Solon's  law  respecting 
them,  by  which  a  person,  after  digging  to  the  depth  of  sixty  feet  without 
obtaining  water,  was  allowed  to  fill  a  six  gallon  vessel  twice  a  day  at  hia 
neighbor's  well.  The  frequency  of  not  meeting  with  water  at  that  depth, 
evidently  gave  rise  to  this  provision.*  The  wells  of  Herculaneum  and 
Pompeii,  were  probably  all  of  considerable  depth,  if  we  judge  from  those 
that  have  been  discovered. 


WELLS    WITHOUT   CURBS. 


Another  feature  in  ancient — particularly  Asiatic — wells,  was,  they  were 
often  wilhotU  curbs  or  parapets  built  round  them;  hence  cinlnmls  often 
fell  into  them  and  were  kilj^ d.  A  very  ancient  law  enacted,  that,  *  if  a 
man  shall  open  or  dig  a  pit,  [a  well]  and  not  cover  it ;  and  an  ox  or  an 
ass  fall  therein,  the  owner  of  the  pit  shall  make  it  good,  and  give  money 
to  the  owner  of  them,  and  the  dead  beasts  shall  be  his.'  Exo.  xxi,  33,  34. 
This  was  probably  an  old  Phenician  and  Egyptian  law  which  the  !»• 
raelites  adopted  from  its  obvious  utility.  Josephus*  account  of  it  is  more 
explicit :  *  let  those  that  dig  a  well  or  a  pit,  be  careful  to  lay  planks  over 
them,  and  so  keep  them  shut  up,  not  to  hinder  persons  from  drawing  wa- 
ter, but  that  there  may  be  no  danger  of  falling  into  them.'  Antiq.  iv 
8.  Numerous  examples  of  the  utility  of  such  a  law  might  be  produced 
from  oriental  histories.  Benaiah,  one  of  the  three  famous  warriors  of 
David,  who  broke  through  the  hosts  of  the  Philistines  and  drew  water 
for  him  out  of  the  well  of  Bethlehem,  'slew  a  lion  in  the  midst  of  a  pit  in 
the  time  of  snow.*  Sam.  xxiii,  20  :  from  Josephus,  this  appears  to  have 
been  one  of  the  ordinary  wells  of  the  country,  which  having  no  curb, 
had  been  left  open,  and  the  *lion  slipped  and  fell  into  it.'     Antiq.  vii,  12. 

*  On  our  way  back  to  the  town,  we  saw  a  poor  ass  dying  in  a  pit,  into 

■  Plutarch's  Life  of  Solon. 
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which  he  had  fallen  with  his  legs  tied,  that  be'ng"  the  practice  of  the  Araus 
when  lliey  send  out  these  aninnals  to  feed.'*  The  custom  of  the  Arabs  in 
this  respect  has  probably,  like  many  others,  undergone  no  change.  It  ex- 
plains the  necessity  of  the  law  in  Exodus,  as  quoted  above. 

As  two  elephant  drivers,  each  on  his  elep  lant,  one  of  wlilch  was  re- 
markably large  and  powerful,  and  the  othe»  small  and  weak,  were  aj> 
proaching  a  well,  the  latter  carried  at  thj  end  of  his  proboscis  a  bucket 
by  which  to  raise  the  water.  The  large-  animal  instigated  by  his  driver, 
(who  was  not  provided  with  one,)  seized  and  easily  wrested  it  from  the 
weaker  elephant,  which,  though  unable  to  resent  the  insuk,  obviously  felt 
iL  At  length,  watching  his  opportunity  when  the  other  was  standing  amid 
the  crowd  with  his  side  to  the  well,  he  retired  backwards  in  a  very  (juiet 
and  unsuspicious  manner,  and  then  rushing  forward  with  all  his  might, 
drove  his  head  against  the  side  of  the  robber,  and  fairly  pushed  him  into 
the  well — the  surface  of  the  water  in  which,  was  twenty  feet  below  the 
level  of  the  ground. 

But  animals  were  not  the  only  suff\irers  : — There  are  passages  in  an- 
cient authors  which  indicate  the  loss  of  human  life  both  accidentally  and 
by  design,  in  consequence  of  the  absence  of  curbs  to  wells.  Thus  Hylas 
who  accompanied  Kercules  on  the  Argonautic  expedition,  went  ashore  to 
draw  ^^•ater  from  a  well  or  fountain,  and  he  fell  in  and  was  drowned. 
Virgil  represents  the  companions  of  Hvlas  after  missing  him,  as  spread- 
iog"  themselves  along  the  coast  and  loudly  repeating  his  name  : 

And  Hylas,  whom  his  messmates  loud  deplore, 
While  Uy las i  Hylas!  rings  from  all  the  shore. 

Ec,  vi,  48.     Wrangham. 

Archelaus  of  Macedon,  a  contemporary  of  Socrates,  ascended  tlie  throne 
oy  the  most  horrid  crimes.  Among  others  whom  he  murdered,  was  his 
iwn  brother,  a  boy  only  seven  years  old.  He  threw  his  body  into  a  well, 
and  endeavored  to  make  his  mother  believe  that  the  child  fell  in,  *  as  he 
was  running  after  a  goose.'     Bayle, 

When  Alexander,  like  a  demon,  destroyed  the  city  of  Thebes,  (the  ca- 
pital of  one  of  the  States  of  Greece,)  and  murdered  six  thousand  of  its 
inhabitants,  a  party  of  Thracian  soldiers  belonging  to  his  army  demolished 
thehouseofTimoclea,  a  lady  of  distinguished  virtue  andhonor.  The  soldiers 
carried  off  the  booty,  and  their  captain  having  violated  the  lady,  asked 
her,  if  she  had  not  concealed  some  of  her  treasures:  she  told  him  she 
had,  and  taking  him  alone  with  her  into  the  garden,  she  showed  him 
a  well,  into  which  she  said  she  had  thrown  every  thing  of  value.  Now 
we  are  told,  that  as  he  stooped  down  to  look  into  the  well,  this  high  spi 
rited  and  much  injured  lady  pushed  him  in,  and  killed  him  with  stones.** 

From  these  accounts,  it  appears  that  wells  belonging  to  private  houses  in 
ancient  Greece,  were  sometimes  without  curbs,  although  they  probably  had 
portable  or  icood^n  covers.  That  these  were  common,  is  evident  from  a  pas 
sage  already  rjuoted  from  Josephus ;  and  the  remains  of  one  have  been 
discovered  in  Pompeii.*  The  private  well  mentioned  in  2  Sam.  xvii,  18, 
had  no  curb.  Indeed  it  is  evident  from  the  New  Testament,  that  the  an- 
cient custom  of  leaving  the  upper  surface  of  wells  level  with  the  ground, 
prevailed  among  the  Jews,  tljrough  the  whole  of  their  history,  from  their 
inde'x^ndence  as  a  nation,  to  their  final  overthrow  by  Titus.  *  What  man 
imong  you  having  one  sheep,  if  ilfaU  irUo  a  pit  on  the  sabbath  day,  will 


•9t  John's  Egypt,  i,  354.    ^Platarch's  Life  of  Alexander.    « Pompeii,  ii,  204. 
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he  not  lay  l.old  of  it  and  lift  it  out  V  Matt,  xii,  11.     And  again  in  Luke, 

*  which  of  you  shall  have  an  ass,  or  an  ox  fallen  into  a  pit,  and  will  not 
straightway  pull  him  out  on  the  sabbath  day.'  xiv,  5. 

In  these  passages,  which  are  parallel  to  those  quoted  from  Exodus  and 
Josephus,  the  word  *  pit*  is  synonymous  with  *  well.*     In  Antiq.   vii,    I  i'. 

•  the  well  of  Bethlehem,*  is  called  a  '  pit.*  Wells  without  '•urbs  are  met 
with  in  Judea  and  the  east  generally,  at  the  present  time,  althoagh  they 
arc  not  so  numerous  as  formerly.  Mr.  Stephens,  in  his  *  Incidents  of 
Travel,*  observed  on  the  road  to  Gaza,  'two  remarkable  wells  of  the  very 
best  Roman  workmanship,  about  fifty  feet  deep,  lined  with  large  hard 
stones,  as  firm  and  perfect  as  on  the  day  on  which  they  were  laid ;  the  up- 
permost layer  on  the  top  of  the  well,  *  was  on  a  level  with  the  pavement.* 
In  some  illustrations  of  the  Book  of  Genesis,  executed  in  the  fourth  oi 
fifth  century,  one  represents  the  interview  between  Rebecca  ^  J  Elieier ; 
the  well  is  square,  and  the  curb  but  a  few  inches  high. 

REASONS  FOR  NOT  PLACING  CURBS  ROUND  THE  MOUTHS  OF  WELLis. 

The  motives  which  induced  the  ancients  to  leave  their  wells  witnoat 
curbs  were  various: 

1.  That  they  might  be  more  readily  concealed.  This  was  a  universal 
custom  in  times  of  war.  When  Darius  invaded  Scythia,  the  inhabitants 
did  not  attempt  an  open  resistance,  but  covered  up  their  wells  and  springs 
and  retired.  Herod,  iv,  120.  Mr.  Elphinstone,  in  his  mission  to  Cabaul, 
says,  the  people  *  have  a  mode  of  covering  their  wells  with  boards,  heaped 
with  sand,  that  effectually  conceals  them  from  an  enemy.*  Diodorus  Si- 
culus,  remarked  the  same  of  the  Bedouin  Arabs,  eighteen  centuries  ago, 
and  they  still  practise  it.  Travelers  in  the  Lybian  desert  are  often  six  and 
seven  days  without  water,  and  frequently  perish  for  want  of  it ;  *thc 
drifting  sand  havinof  covered  the  wkzr/:*of  thewells.'**  Wells,  when  thus  con- 
cealed  *  can  only  })e  found  by  persons  whose  profession  it  is  to  pilot  cara- 
vans across  this  ocean  of  sand,  and  the  sagacity  with  which  these  men  per- 
form their  duty  is  wonderful  ;*  like  pilots  at  sea  with  nothing  but  die  stars 
to  direct  them. 

2.  To  prevent  them  from  being  poisoned  or  filled  up,  both  of  which 
frequently  occurred.  The  Roman  General  Aquilius  conquered  the  cities 
of  the  kingdom  of  Pergamus,  one  by  one,  by  poisoning  the  waters.  This 
horrid  crime  has  always  prevailed.  In  1320,  many  Jews  were  burnt  in 
France,  while  others  were  massacred  by  the  infuriate  people,  under  the 
belief  that  they  had  poisoned  the  wells  and  fountains  of  Paris.  The  EarJ 
of  Savoy  was  poisoned  in  this  manner  in  1384,  and  the  practice  was  com- 
mon in  the  fifteenth  century.*  Some  of  the  wells  belonging  to  Abraham, 
were  stopped  up  by  the  inhabitants.  *  And  Isaac  digged  again  the  wells 
of  water,  which  they  had  digged  in  the  days  of  Abraham  his  father,  for 
the  Philistines  had  stopped  them,  after  the  death  of  Abraham.*  Gen.  xxvi, 
18.  *  We  walked  on  some  distance  to  a  well,  which  we  found  ^WZ  of 
sand ;  Hussein  scooped  it  out  with  his  hands,  when  the  water  rose  and 
all  of  us  drank.'  Lindsay's  Trav.  Let.  7.  When  the  Assyrians  under 
Senacherib,  invaded  Judea  in  the  eighth  century,  B.  C.  *  Hezekiah  took 
counsel  with  his  princes  and  mighty  men,  to  stop  the  waters  of  the  foun- 
tains which  were  without  the  city  •  and  they  stopped  all  the  foinilains 
saying,  why  should  the  king  of  Assyria  corae  here  and  find  much  water  t' 
2  kings,  iii,  19.  25. 

•Vol.  ii,  101.  and  Lindsay ^^  Trav.  Let.  9.    «» Ogllvy's  Africa,  381. 
«Mezeray'8.1Vaiice     Lon.  1663.  pp.  349,  408,  414. 
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The  custom  of  leaving  the  principal  supply  of  water  without  tne  walln 
of  tJie  more  ancient  cities,  is  remarkable ;  and  the  reason  for  it  has  nol 
yet  been  satisfactonly  explained.  The  water  wliich  supj>lied  Alba  Longa^ 
lay  in  a  very  deep  glen,  and  was  therefore  scarcely  defensible  ;  but  the 
springs  of  the  Scamander  at  Troy,  of  Enneacrunus  at  Athens;  of  Dirce 
at  Thebes,  and  innumerable  others,  prove  that  such  instances  were  com- 
mon.* When  David  waged  war  against  the  Ammonites,  his  success,  ac- 
cording to  Josephus,  was  chiefly  owing  to  his  general  cutting  off  their 
waters,  and  especially  those  of  a  particular  well,  Antiq.  vii,  1.  INIardo- 
nius  stopped  up  the  (xargaphian  fountain,  which  supplied  the  Grecian  ar- 
my with  water,  an  pct  wnich  brought  on  in  its  vicinity,  the  famous  battle 
of  Platea,  in  which  jie  was  slain,  and  the  power  of  Persia  in  Greece 
finally  prostrated.  A  remarkable  instance  of  tlie  labor  and  j)erseverance 
of  ancient  soldiers,  in  cutting  off  a  well  or  fountain  from  besieged  places, 
is  given  by  Ceesar  in  his  Commentaries  on  the  War  in  Gaul,  viii,  33. 

3.  To  prevent  the  water  from  being  stolen;  which  could  scarcely  have 
been  prevented  at  wells  with  curbs,  for  they  could  not  then  have  l)een  con- 
cealeu.  We  must  bear  in  mind  that  the  extreme  scarcity  of  water  in  the 
east,  retjuired  a  vigilant  and  parsimonious  care  of  it;  and  lience  continnal 
i]uarrels  arose  from  attempts  to  purloin  it,  or  to  take  it  by  force.  *  And 
the  herdsmen  of  Gerar  did  strive  with  Isaac's  herdsnum,  saying,  the 
water  is  ours.'  Gen.  xxvi,  20.  This  kind  of  strife,  says  Dr.  Richardson, 
between  the  different  villagers,  still  exists,  as  it  did  in  the  days  of  Abra- 
ham and  Lot.  It  was  customai'y  for  shepherds  to  seize  on  the  wc^lls  1^- 
fore  others  came,  lest  there  should  not  be  sulficient  water  for  all  their 
flocks,  and  it  was  at  an  occuirence  ofthis  kind,  that  Moses  first  became  ac- 
quainted with  Zipporah  and  her  sisters.  Jos.  Anti(j.  ii,  11.  "  Nearly  six 
hours  beyond  the  ruined  town  of  Koumou,  and  two  beyond  the  dry  bed 
of  a  small  stream  called  El  Gerara,  [the  brook  of  Gerar?]  we  were  sur- 
prised at  finding  two  large  and  deep  wells,  beautifully  built  of  hewn  stone 
ihc  uppermost  course,  and  about  a  dozen  troughs  for  watering  caitle  dis- 
posed round  them,  of  a  coarse  white  marble ;  they  were  evidently  coeval 
with  the  Romans.  Quite  a  patriarchal  scene  presented  itself  as  we  drew 
near  to  the  wells ;  the  Bedouins  were  watering  their  flocks ;  two  men  at 
each  well  letting  down  the  skins  and  pulling  them  up  again,  with  almost 
ferocious  haste,  and  with  quick  savage  shouts.''  Lindsay's  Trav.  Let.  9. 

The  scarcity  of  water  in  those  countries  has  from  the  remotest  times 
made  it  an  object  of  mercliandise, — "  Ye  shall  also  buy  water  of  them  for 
money  tliat  ye  may  drink."  Deut.  ii,  6,  28.  And  Jeremiah — "  we  have 
drunken  our  water  for  money."  Lam.  v,  4.  See  Ezekiel,  iv,  16,  17. 
This  value  of  water  may  be  perceived  in  the  negotiation  of  Moses  with 
the  king  of  Edom,  for  a  passage  through  that  country.  He  pledged  him- 
eelf  that  his  countrymen  would  not  injure  the  fields  or  the  vineyards ; 
'neither,"  says  he,  "will  we  drink  of  the  waters  of  the  wells;"  and  in  a 
subsequent  proposition,  he  adds,  "  if  I  and  my  cattl?  drink  of  thy  waters, 
then  I  will  pay  for  it."  Num.  xx,  17,  19.  It  is  we  think  evident  from 
ihe  text,  that  tlie  great  quantities  of  water  which  such  a  host  would  re- 
quire, was  the  principal  objection  urged  by  the  people  of  Edoi  i ;  they 
were  afraid,  and  very  naturally  too,  that  a  million  of  souls  might  drain  all 
their  wells  while  passing  through  the  land,  a  calamity  that  might  prove 
fatal  to  themselves.  Brooks  and  rivers,  were  dried  up  by  the  army  of 
Xerxes  as  he  advanced  tov/arJs  Greece. 

It  may  be  observed  heic,  that  whei  in  1811,  Burckhardt  discovered 

■  Geirs  Topography  of  Rome,  i,  34. 
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Petra,  the  long  lost  capital  of  Edom,  an  intense  interest  was  excitinl 
among  the  learned  men  of  Europe,  and  several  hastened  to  l)f»hold  the 
most  extraordinary  city  of  the  world ;  a  city  excavated  out  of  the  rocks, 
whose  origin  goes  back  to  the  times  of  Esau,  the  *  father  of  Edom,*  and 
which  had  for  more  than  a  thousand  years,  been  completely  lost  to  the 
civilized  world.  But  the  natives  swore,  as  in  the  times  of  Moses,  thev 
should  not  enter  their  country,  nor  drink  of  their  water ,  and  they  threatened 
to  shoot  them  like  dogs,  if  they  attempted  it.  It  was  with  much  difficulty 
and  danger,  that  Burckhardt  at  length  succeeded  in  obtaining  a  glimpse 
of  this  singular  city.  He  was  disguised  as  an  Arab,  and  passed  under  the 
name  of  Sheik  Ibrahim.  The  difficulty  and  danger  of  a  visit  to  Petra 
is  now  however  in  a  great  measure  removed  by  the  prej^ent  Pasha,  Ma- 
hommed  Ali. 

From  the  custom  of  concealing  many  ancient  wells,  we  learn  the  im- 
portant fact,  diat  machines  for  raismg  the  w^ater  could  not  have  been  at- 
tached to,  or  pernianeuthf  placed  near  them.  As  these,  as  well  as  curbs 
or  parapets  projecting  above  the  ground,  would  have  betrayed  to  ene- 
mies and  strangers  their  location.  When  the  woman  at  Bahurim  secreted 
David's-spies  in  the  well  belongiuij  to  her  house,  and  "  spread  a  covering 
over  the  well's  mouth,  and  spread  ground  corn  thereon;"  2  Sam.  xvii,  19, 
her  device  could  not  have  succeeded,  if  a  curb  had  enclosed  its  mouth, 
or  if  any  permanent  machine  had  been  erected  to  raise  the  water  from  it, 
as  these  would  have  indicated  the  well  to  the  soldiers  of  Absalom,  who 
would  certainly  have  examined  it,  because  wells  were  fre<juently  used 
as  hiding  places  in  those  days.  There  is  a  tradition  in  Persia  that  one  of 
the  Armenian  patriarchs,  was  concealed  several  years  in  a  well,  during 
the  persecution  of  the  Christians  under  Dioclesian  and  Maximlnian ;  and 
was  *  privately  relieved  by  the  daily  charity  of  a  poor  godly  woman.* 
Fryer,  271. 

When  Ali  the  fourth  Caliph  of  the  Arabians,  marched  ivith  ninety 
thousand  men  into  Syria,  the  army  was  in  want  of  water.  An  old  hermit, 
whose  cell  was  near  the  camp,  was  applied  to  ;  he  said  he  knew  but  of 
one  cistern,  which  might  contain  two  or  three  buckets  of  water.  The 
Caliph  replied  that  the  ancient  patriarchs  had  dug  wells  in  that  neighbor- 
hood. The  hermit  said  there  was  a  tradition  of  a  well  whoso  mouth  was 
closed  by  a  stone  of  an  enormous  size,  but  no  person  knew  where  it  was. 
Ali  caus(»d  his  men  to  dig  in  a  spot  which  he  pointed  out,  and  not  far  from 
the  surface,  the  mouth  of  tlie  w^ell  was  found.' 

Where  wells  were  too  well  known  to  be  concealed,  as  those  in  the 
neighborhood  of  towns,  villages,  &c.  they  were  sometimes  secured  by 
large  stones  placed  over  them,  which  required  the  combined  strength 
of  several  persons  to  remove.  *  A  great  stone  was  upon  the  well's  mouth; 
and  they  rolled  the  stone  from  the  well's  mouth  and  watered  the  sheep, 
and  put  the  stone  again  upon  the  w'ell's  mouth.*  Gen.  xxix,  2,  3.  The  Ma- 
hommedans  have  a  tradition  that  the  well  at  which  Moses  watered  the 
fiocks  of  his  father-in-law,  was  covered  by  a  stone  which  required  seveml 
men  to  remove  it.  It  is  indeed  obvious  large  stones  only  could  have  been 
used,  for  small  ones  could  not  extend  across  the  wells,  tvhich  were  fre- 
quently of  large  diameter.  Jacob's  well  is  nine  feet  across,  and  some 
were  larger  The  curb  round  the  well  Zemzem  at  Mecca,  is  ten  feet  in 
diameter.  "  Another  time  we  passed  an  ancient  well,"  says  Lindsay,  Let. 
10,  "  in  an  excursion  from  Jerusalem  to  Jericho  and  the  Dead  Sea,  its 
mouth  sealed  with  a  large  stone,  with  a  hole  in  the  ceptre,  through  which 

^Marligny'd  ILctjrv  of  the  Arabians,  ii,  49. 
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we  threw  a  pebble,  out  there  was  no  water,  and  we  should  have  been 
sorry  had  there  been  any,  for  our  united  strength  could  not  have  removed 
the  seal." 

Noiwithstanding  the  precautions  used,  shepherds  were  often  detected 
in  fraudulently  watering  their  flocks  at  their  neighbors'  wells,  to  prevent 
which,  locks  were  used  to  secure  the  covers.  These  continued  to  be 
used  till  recent  times.  M.  Chardin  noticed  them  in  several  parts  of  Asia. 
The  wells  at  Suez,  according  to  Niebuhr,  are  surrounded  by  a  strong 
w^all  to  k-eep  out  the  Arabs,  and  entered  by  a  door  'fastened  with  enor- 
mous clanips  of  iron.'  In  Greece  as  in  Asia,  those  were ^ned  who  stole 
water.  When.Themistocles  during  his  banishment  was  in  Sardis,  he  ob- 
served in  the  temple  of  Cybele  a  female  figure  of  brass,  called  '  Hydro 
phorus*  or  Water  JBearer,  which  he  himself  had  caused  to  be  made  and 
dedicated  out  of  ihe  fines  of  such  as  had  stolen  the  water,  or  diverted  the 
stream.*  One  of  the  Greek  emperors  of  Constantinople  issued  an  edict 
A.  D.  404,  imposing  a  fine  of  a  pound  of  gold  for  every  ouTice  of  water 
surreptitiously  taken  from  the  reservoirs.**  And  a  more  ancient  ruler  re- 
marked that  *  stolen  waters  are  sweet.*  Proverbs,  ix,  17.  The  ancient 
Peruvians  had  a  similar  law. 

Curbs  or  parapets  were  generally  placed  round  the  mouths  of  wells  in 
the  ci^/c*  of  Greece  and  Rome,  as  appears  from  many  of  them  preserved  to 
the  present  lime,  as  well  as  those  discovered  in  Pompeii  and  Plerculaneura. 
The  celebrated  mosaic  pavement  at  Preneste,  contains  the  representation 
of  an  ancient  well ;  bv  some  authors  supposed  to  be  the  famous  fountain 
of  Heliopolis.  Montfaucon  and  Dr.  Shaw  have  given  a  figure  of  it.  The 
curb  is  rej)resented  as  built  of  brick  or  cut  stone.  Curbs  were  generally 
massive  cylinders  of  marble  and  mostly  formed  of  one  blocks  but  some- 
times of  two,  cramped  together  with  iron.  Their  exterior  resembled 
round  altars.  Those  of  the  Greeks  were  ornamented  with  highly  wnaight 
sculptures  and  were  about  twenty  inches  high.  Roman  curbs  were  ge- 
nerally plain,  but  one  has  been  found  in  the  street  of  the  Mercuries  at 
Pompeii,  beautifully  ornamented  with  triglyphs.  To  these  curbs  Juvenal 
appear'  *o  allude  : 

On!  how  much  more  devoutly  should  we  clinv 

To  thoughts  that  hover  rounJ  the  sncred  spring, 

Were  it  still  margined  with  it^i  native  green, 

And  not  a  marble  near  the  spot  were  seen.  Sat.  iii,  30   Badham. 

That  Roman  wells  were  generally  protected  by  curbs,  appears  also  from 
a  remark  of  the  elder  Pliny  :  "at  Gades  the  fountain  next  to  the  temple  of 
Hercules,  is  enclosed  about  like  a  well."  B.  ii,  97.  Dr.  Shaw  mentions  se- 
veral Roman  wells  with  corridors  round,  and  cupolas  over  them,  in  various 
parts  of  IVjduritania.  Trav.  237.  Mr.  Dodwell  describes  the  ric>  curb  of 
a  Corinthian  well,  ten  figures  of  divinities  being  carved  on  it.  S  .ch  deco- 
rations he  says  were  common  to  the  sacred  wells  of  Greece. 

In  various  parts  of  Asia  and  Egypt,  the  finest  columns  have  been  bro- 
knn  and  hollowed  out  to  serve  as  curbs  to  wells ;  and  in  some  instances^ 
the  capitals  of  splendid  shafts  may  be  seen  appropriated  to  the  same  pur- 
pose. Although  such  scenes  are  anything  but  pleasant\to  the  enlightened 
traveler,  the  preservation  of  valuable  fragments  of  antiquity  has  been  se- 
cured by  these  and  similar  applications  of  them.  They  certainly  are  less 
subject  to  destruction,  as  curbs  of  wells,  than  when  employed,  like  the 
fine  Corinthian  capital  of  Parian  marble,  which  Dr.  Shaw  observed  at 
Arzew,  '  as  a  bl6ck  for  a  blacksmith's  anvil,*  Trav.  29,  30. 

•  Plutarch's  Ufe  of  Themistocles.     ^  Hydraulia,  p.  3.3-1   Uit.   i835. 
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CHAPTER     VII. 

Wulb  coDcIttded:  Description  of  Jacob's  well— Of  Zemzem  in  Mecca— Of  Joseph's  well  ut  Cairo- 
It  Aociions  on  well*— 4>ldei>t  monunienUi  extant — Wells  at  Elim — Betiilehem— Co^— Scyron — llrlinpoUi 
— ^Poraepolis — JerustJein — Troy — Epiiesus — ^Tadmor — Miara— Sarcophagi^eraployed  as  wuterine  troug hi  ■ 
-Stone  coffin  of  Richard  111  uiied  as  one-~Ancient  American  well.-* — Indicate  the  qxiitence  in  past  timet 
of  a  more  refined  people  than  tlie  present  red  men — ^Their  examiuuiion  desirable— Might  funiinh  (like 
the  wells  at  Athens,)  important  data  of  former  agei 

A  description  of  some  cclebivited  wells  may  here  be  inserted,  as  we 
sliall  have  occasion  to  refer  to  them  hereafter.  Jacob\^  wcU,  is  one  of 
the  most  ancient  and  interesting.  Through  a  period  of  thirty-five  cen- 
turies it  has  been  used  by  that  patriarch's  descendants,  and  distinguished 
by  his  name.  This  well  is,  as  every  reader  of  scripture  knows,  near  Sy- 
i^har,  the  ancient  Sltcchem^  on  the  road  to  Jerusalem,  and  has  been  visited 
by  pilgrims  in  all  ages.  Long  before  the  christian  era,  it  was  greatly  re- 
vered, and  subsequently  it  has  been  celebrated  on  account  of  the  inter- 
view which  the  Savior  had  with  the  woman  of  Samaria  near  it.  Its  lo- 
cal ion  according  to  Dr.  Clarke  is  so  distinctly  marked  by  the  Evangelist 
and  so  little  liable  to  uncertainty  from  the  circumstances  of  the  well  itself, 
and  the  features  of  the  country,  that  if  no  tradition  existed  for  its  identity, 
the  site  of  it  could  hardly  be  mistaken. 

The  date  of  its  construction  may,  for  aught  that  is  known  to  the  con 
trary,  extend  far  beyond  the  tim'es  of  Jacob;  for  we  are  not  informed  that 
U  was  digged  by  him.  As  it  is  on  land  which  he  purchased  for  a  residence, 
"of  the  sons  of  Hamor  the  father  of  Shechem,"  and  was  in  the  vicinity 
of  a  Canaanitish  town;  it  inay  have  been  constructed  by  the  forme* 
owners  of  the  soil,  and  probably  was  so.  The  woman  of  Samaria  when 
conversing  with  the  Savior  respecting  it,  asks  *  Art  thou  gi'eater  than  our 
father  Jacob  who  gai^e  us  the  well,  and  drank  thereof  himself,  his  children 
and  cattle?"  John,  iv,  12.  She  does  not  say  he  dug  it.  This  famous 
well  is  one  hundred  and  five  feet  dcep^  and  nine  feet  in  diameter,  and  when 
Maundrell  visited  it,  it  contained  fifteen  feet  of  water.  Its  great  an- 
tiquity will  not  appear  very  extraordinary,  if  we  reflect  that  it  is  bored 
through  the  solid  rock,  and  therefore  could  not  be  destroyed,  except  by 
an  eartlujuake  or  some  other  convulsion  of  nature ;  indeed  wells  of  this 
description,  are  the  most  durable  of  all  man's  labors,  and  may,  lor  aught 
we  know,  last  os  long  as  the  world  itself. 

The  well  Zcjnzem  at  Mecca,  may  be  regarded  as  another  very  ancient 
one.  It  is  considered  by  Mahometans  one  of  the  three  holiest  things  in 
the  world,  and  as  the  source  whence  the  great  progenitor  of  the  Aralis 
was  refreshed  when  he  and  his  mother  left  his  father's  house.  "  She  saw 
a  well  of  water,  and  she  went  and  filled  the  bottle  with  water  and  i^ave 
the  lad  to  drink."  Gen.  xxi,  19.  This  well,  the  Caaba  and  the  bla<.k 
elone,*  were  connected  with  the  idolatry  of  the  ancient  Arabs,  centuries 
before  the  time  of  Mahomet.  The  Caaba  is  Kaid  to  have  been  built  by 
Abraham  and  Ishmael,  and  it  is  certain  that  l.^eir  names  have  been  con- 
nected with  it  from  the  remotest  ages.     Diodorus   Siculus,  mentions  it  a*! 


^Tliis  stone  like  those  of  the  Hindoos  and  this  one  mentioned  iu  Acts.  jul.  "fsJI 
dowu  Irom  heavea'  and  'is  probably  a  meteorite. 
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being  held  in  great  venem.  on  by  tbe  Arabs  in  his  time.  [50,  B.  C]  The 
ecTemonies  still  performed,  of  "  encircling  the  Caaba  seven  times,  kissing 
the  black  stone,  and  drinking  of  the  water  of  the  well  Zentzcm,"  by  th3 
pilgrims,  were  practices  of  the  ancient  idolaters,  and  which  Mahomet,  as  an 
adroit  politician,  incorporated  into  his  system,  when  unable  to  repress 
them.  The  conduct  of  the  pilgrims  when  approaching  this  well  and 
drinking  of  ^ts  water,  has  direct  reference  to  that  of  Hagar,  and  to  her 
feelings  when  searching  for  water  to  preserve  the  life  of  her  expiring 
son. 

If  we  reflect  on  the  infinite  value  of  wells  in  Syria — on  the  jealous  care 
with  which  they  have  always  been  preserved — that  while  they  afforded 
good  water,  tliey  could  never  be  lost — that  Mecca  is  one  of  the  most  an- 
cient  cities  of  the  world,  the  supposed  Mesa  of  the  scriptures,  Gen.  x,  30, 
— an<l  that  this  well  is  the  only  one  in  the  city,  whose  waters  can  be 
drunk :— we  cannot  but  admit  the  possibility'  at  least,  that  it  is  the  identi- 
cal one,  as  the  Arabs  contend,  of  whose  waters,  Ishmael  and  his  mother 
partook. 

We  are  not  aware  that  any  modem  author  has  had  an  opportunity  of 
closely  examining  it ;  it  being  death  for  a  christian  to  enter  the  Caaba. 
Burckhardt  visited  the  'emple  in  the  disguise  of  a  pilgrrm,  but  we  believe 
he  had  not  an  opportunity  to  ascertain  any  particulars  relating  to  its  depth, 
&c.  Purchas,  quoting  Barthema,  who  visited  Mecca  in  1503,  says  it  is 
'*  three  score  and  ten  yards  deepe,"  [210  feet,]  **  thereat  stand  sixe  or 
eight  men,  appointed  to  draw  water  for  the  people,  who  after  their  seven- 
fold ceremonie  come  to  the  brinke,"  &c.  Pil.  p.  306.  In  Crichton's  His- 
tory of  Arabia,  Ed.  1833.  Vol.  ii,  218,  this  well  is  said  to  be  fifty-six  feet 
to  the  surface  of  the  water.  The  curb  is  of  fine  white  marble,  five  feet 
high,  and  seven  feet  eight  inches  in  its  interior  diameter.  In  the  317th  year  of 
the  Hegira,  the  Karmatians  slew  seventeen  thousand  pilgrims  within  the  cir- 
cumference of  the  Caaba,  and  filled  this  famous  well  with  the  dead  bo- 
dies ;-^they  also  carried  off  the  Black  Stone. 

Joseph's  well. — The  most  remarkable  well  ever  made  by  man,  is  Jo- 
seph's well  at  Cairo.  Its  magnitude,  and  the  skill  displayed  in  its  con- 
struction, which  is  perfectly  unique,  have  never  been  surpassed.  All 
travelers  have  spoken  of  it  with  admiration. 

This  stuoendous  well  is  an  oblong  square,  twenty-four  feet  by  eighteen; 
t>eing  sufficiently  capacious  to  admit  within  its  mouth  a  moderate  sized 
house.  It  is  excavated  (of  these  dimensions,)  through  solid  rock  to  the 
depth  of  one  hundred  and  sixty-five  feet  where  it  is  enlarged  into  a  capa- 
cious chamber,  in  the  bottom  of  which  is  formed  a  basin  or  reservoir,  to 
receive  the  water  raised  from  below,  (for  this  chamber  is  not  the  bottom 
of  the  \vell.)  On  one  side  of  the  reservoir  another  shaft  is  continued,  one 
hundred  and  thirty  feet  lower,  where  it  emerges  through  the  rock  into  a 
bed  of  gravel,  in  which  the  water  is  found.  The  whole  depth,  being  two 
hundred  and  ninety-seven  feet.  The  lower  shaft  is  not  in  the  same  ver- 
tical line  with  the  upper  one,  nor  is  it  so  large,  being  fifteen  feet  by 
nine.  As  the  water  is  first  raised  into  the  basin,  by  means  of  ma- 
chinery propelled  by  horses  or  oxen  within  the  cliamher,  '.t  may  De 
asked,  how  are  these  animals  conveyed  to  that  depth  in  this  tiemendous 
pit,  and  by  what  means  do  they  ascend  ]  It  is  the  solution  cf  this  prob- 
lem tliat  renders  Joseph's  well  so  peculiarly  interesting,  and  which  indi- 
cates an  advanced  state  of  the  arts,  at  the  period  of  its  construction. 

A  spiral  passage-way  is  cut  through  the  rock,  from  the  surface  of  the 
ground  U5  the  chamber,  independent  of  the  well,  round  which  it  winds 
with  so  gentle  a  descent,  th^t  persons  sometimes  ride  up  or  down  upon 
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the  lower  parts  of  which  reach  down 
to  the  water ;  to  these,  earthenware  va 
ses  are  secured  by  ligatures,  see  A,  A, 
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sition on  the  other,  for  a  further  de- 
scription of  this  apparatus,  see  the  chap- 
ter on  the  cliain  uf  imU. 

This  celebrated  production  of  former 
limes,  it  will  be  perceived,  resembles  an 
enormous  hollow  screw,  the  citntre  of 
which  forms  the  well,  and  the  threads,  n 
winding  stair-case  round  it.  To  erect 
of  granite  a  flight  of  "  geometrical"  or 
"  well  stairs,'"  two  or  three  hundred  feet 
high,  on  the  surface  of  the  ground, 
would  require  extraordinary  skill;  al- 
though in  the  execution,  every  aid  from 
rules,  measures,  and  the  light  of  day, 
would  guide  the  workmen  ai  every  step; 
but  to  begin  such  a  w<)rk  at  the  top, 
and  construct  it  iloicnirards  by  excjiva- 
tion  alone,  in  the  dark  bowels  of  tho 
earth,  is  a  more  arduous  undertaking, 
especially  as  deviatimis  from  the  correci 
lines  could  not  be  remedied  ;  yet  in  I" 
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seph's  well,  the  partition  of  rock  between  the  pit  btid  the  passage- wa}^, 
and  the  taiform  inclination  of  the  latter,  seem  to  have  been  ascertained 
with  equal  precision,  as  if  the  whole  had  been  constructed  of  cut  stone  on 
the  surface.  Was  the  pit,  or  the  passage,  formed  first ;  or  were  they  simul- 
taneously carriefl  on,  and  the  excavated  masses  from  both  borne  up  the 
latter  1  The  extreme  tliinness  of  the  partition  wall,  excited  the  astonish- 
ment of  M.  Jomard,  whose  account  of  the  well  is  inserted  in  the  second 
volume  of  Memoirs  in  Napoleon\s  great  Work  on  Egypt,  part  2nd,  p. 
691.  It  is,  according  to  him,  but  sixteen  centimetres  thick,  [about  six  in- 
ches I]  Ho  justly  remarks  that  it  must  have  required  singular  care  to 
leave  and  preserve  so  small  a  portion  while  excavating  the  rock  from  both 
sides  of  it.  It  would  seem  no  stronger  in  proportion,  than  sheets  of 
pasteboard  placed  on  edge,  to  support  one  end  of  the  stairs  of  a  modern 
Duilt  house,  for  it  should  be  borne  in  mind,  that  the  massive  roof  of  the  spiral 
passage  next  the  well,  has  nothing  but  this  film  of  rock  to  support  it, 
or  to  prevent  such  portions  from  falling,  as  are  loosened  by  fissures,  or 
such,  as  from  changes  in  the  direction  of  the  strata,  are  not  firmly  united 
to  the  general  mass.  But  tliis  is  not  all :  thin  and  insufficient  as  it  may 
seem,  3ie  bold  designer  has  pierced  it  through  its  whole  extent  with  semi- 
circular openings,  to  admit  light  from  the  well :  those  on  one  side  are 
shown  in  the  figure. 

Opinions  respecting  the  date  of  this  well  are  exceedingly  various.  Po* 
cockc  thought  it  was  built  by  a  vizier  named  Joseph,  eight  hundred  years 
ago ;  other  authorities  more  generally  attribute  it  to  Saladin,  the  intrepid 
defender  of  his  country  against  tlie  hordes  of  European  savages,  who,  un- 
der the  name  of  crusaders,  spread  rapine  and  carnage  through  his  land. 
His  name  was  Yussef,  [Joseph.]  By  the  common  people  of  Egypt,  it 
has  long  been  ascribed  to  the  patriarch  of  that  name,  and  their  traditions 
are  often  well-founded  ;  of  which  we  shall  give  an  example  in  the  ac- 
count of  the  Swape.  Van  Sleb,  who  visited  Egypt  several  times  in  the 
17th  century,  says,  some  of  the  people  in  his  time,  thought  it  was  digged 
by  spirits,  and  he  adds,  "  I  am  almost  inclined  to  believe  it,  for  I  cannot 
conceive  how  man  can  compass  so  wonderful  a  work."*  This  mode  of 
accounting  for  ancient  works  is  common  among  io^iorant  people,  and  may 
be  considered  as  proof  of  their  great  antiquity.  l)r.  Robertson,  in  speak- 
ing of  ancient  monuments  in  India,  remarks  that  they  are  of  such  high 
antiquity,  that  as  the  natives  cannot,  either  from  history  or  tradition,  give 
any  information  concerning  the  time  in  which  they  were  executed,  they 
universally  ascribe  the  formation  of  them  to  superior  beings.**  Some  wri- 
ters believe  this  well  to  have  been  the  work  of  a  more  scientific  people 
than  any  of  the  comparatively  modern  possessors  of  Egypt — in  other 
words,  they  think  it  the  production  of  the  same  people  that  built  the  py- 
ramids and  the  unrivalled  monuments  of  Thebes,  Dendarah  and  Jj^bsam- 
boul.  Lastly,  Cairo  is  supposed  by  others,  to  occupy  the  site  of  Egyp- 
tian Babylon,  and  this  well  is  considered  by  them,  one  of  the  remains  of 
that  ancient  city.  Amidst  this  variety  of  opinions  respecting  its  origin,  it 
is  certain,  that  it  is  every  way  worthy  of  the  ancient  mechanics  of  Egypt; 
and  in  its  magnitude  exhibits  one  of  the  prominent  features  which  che- 
racterize  all  tiieir  known  productions. 

Why  was  this  celebrated   well   made  oblono^?     Its   desisfner  had  cer- 

m  (I/O 

tainly  his  reasons  for  it.  May  not  this  form  have  been  intended  to  en- 
lighten more  perfectly  the  interior,  by  sooner  receiving  and  retaining 
longer  tlie  rays  of  the  sun?     To  what  point  of  the  compass  its  longest 

«Tbo  pnMem state  of  E^ypU  by  F.  Von  Sleb.  Lon.  1678.  p.  248.    ■'India.  Appendix 
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sides  coincide,  has  not,  that  we  are  aware  of,  been  recorded.  Should  they 
prove  to  be  in  the  direction  of  the  rising  and  setting  sun,  the  reason  sug- 
gested, may  possibly  be  the  true  one. 

In  Ogilvy's  Afiica,  it  is  remarked  that  at  the  last  city  to  the  south  of 
E^QTpt,  "  is  a  deep  well,  into  whose  bosom  the  sun  shines  at  noon,  while 
he  passes  to  and  again  through  the  northern  signs."  p.  99.  This  is  the 
same  well  that  Strabo  mentions  at  St/ene,  which  marked  the  summer  sol- 
stice— the  day  was  known,  when  the  style  of  the  sun  dial  cast  no  shade  at 
noon,  and  the  vertical  sun  darted  his  rays  to  the  bottom  of  the  well.  It 
was  at  Syene,  that  Eratosthenes,  220  B.  C.  made  the  first  attempt  to 
measure  the  circumference  of  the  earth— and  to  the  same  city,  the  poet 
Juvenal  was  banished. 

REFLECTIONS  ON  ANCIENT  W^LLS. 

Before  leaving  this  part  of  the  subject,  it  may  be  remarked  that  an- 
cient wells  are  of  very  high  interest,  inasmuch  as  many  of  them  are  the 
only  memorials,  that  have  come  down  to  us,  of  the  early  inhabitants  of 
the  world ;  and  they  differ  from  almost  all  other  monuments  of  man  in 
former  times  ;  not  only  in  their  origin,  design,  and  duration,  but  above  all, 
in  their  utility.  In  this  respect,  no  barren  monument,  of  whatever 
magnitude  or  material,  which  ambition,  vanity,  or  power,  has  erected,  at 
the  expense  of  the  labor  and  lives  of  the  oppressed,  can  ever  be  com- 
pared with  them.  Such  monuments  are,  with  few  exceptions,  proofs  of  a 
people's  sufferings;  and  were  generally  erected  to  the  basest  of  our  spe- 
cies: whereas  ancient  wells  have,  through  the  long  series  of  past  ages, 
continually  alleviated  human  woe;  and  have  furnished  man  with  one  of 
nature's  best  gifts  without  the  least  alloy. 

It  would  almost  appear,  as  if  the  divine  Being  had  established  a  law, 
by  which  works  of  pure  beneficence  and  real  utility  should  endure  almost 
for  ever;  while  those  of  mere  magnificence,  liowever  elaborately  con- 
structed, should  in  time  pass  away.  The  temple  of  Solomon — his  golden 
house,  ivory  palaces,  and  splendid  gardens  are  wholly  gone ;  but  the  plain 
cisterns,  which  he  built  to  supply  his  people  with  water,  remain  almost  as 
perfect  as  ever.  Thus  the  pride  of  man  is  punished  by  a  law,  to  which 
the  most  favored  of  mortals  formed  no  exception. 

An  additional  interest  is  attached  to  several  wells  and  fountains  of  the 
old  world,  from  the  frequent  allusion  to  them  in  the  Scriptures,  and  by 
the  classical  writers  of  Greece  and  Rome.  In  addition  to  those  already 
named,  the  following  may  be  noticed.  When  the  Israelites  left  Egypt, 
"  they  came  to  Elhn,  where  were  twelve  wells  of  water,  and  three  score 
and  ten  palm  trees."  Now  the  Grove  of  Elim  yet  flourishes;  and  its 
fountains  have  neither  increased  nor  diminished,  since  the  Israelites 
encamped  by  them.*  Modern  travelers  in  Palestine  often  allay  their 
thirst  at  the  well  which  belonged  to  the  birth  place  of  David,  the  "  Wei. 
of  Bethlehem,"  whose  waters  he  so  greatly  prefeiTed  to  all  others.  The 
inhabitants  of  CoSj  drink  of  the  same  spring  which  Hippocrates  used 
twenty-three  hundred  years  ago;  and  their  traditions  still  connect  it  with 
his  name.  The  nymphs  of  Sci/ros,  another  island  in  the  pjgean,  in  the 
early  apfes  assembled  at  a  certain  fountain  to  draw  water  for  domestic 
uses.  This  foimtain,  says  Dr,  Clarke,  exists  in  its  original  state;  and  is 
btill  the  same  rendezvous  as  formerly,  of  love  or  of  gallantry,  of  gossip- 


«  We  are  aware  that  Dr.  Shaw — Travels,  p.  1^0 — observed  but  nine  wells.  He  sa}  ^,  nl 
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ping  and  tale  telling.  Young  women  may  be  seen  coming  from  it  in 
groups,  and  singing,  with  vases  on  their  heads,  precisely  as  represented 
on  ancient  marbles.  It  was  at  Seyros  where  young  Achilles  was  concealed 
to  prevent  his  going  to  the  Trojan  war.  He  was  placed  among,  and  habited 
like,  the  daughters  of  Lycomedes ;  but  Ulysses  adroitly  discovered  him. 
by  ofrc;ring  for  sale,  in  the  disguise  of  a  pedlar,  a  fine  suit  of  armor,  among 
trinkets  for  women. 

Heliopolis,  the  city  of  the  Sun,  the  On  of  Genesis,  of  which  Joseph's 
futher-in-law  was  governor  and  priest,  and  whose  inhabitants,  according 
\4)  Herodotus,  (ii.  3.)  were  the  most  ingenious  of  all  the  Egyptians,  and 
where  the  philosophers  of  Greece  assembled  to  acquire  "the  wisdom  of 
Egypt,*'  was  famous  for  its  fountain  of  excellent  water : — this  fountain, 
with  a  solitary  obelisk,  is  all  that  remains  to  point  out  the  place  where 
that  splendid  city  stood. 

Aqueducts,  fountains,  cisterns  and  wells,  are  in  numerous  instances  the 
only  remains  of  soijie  of  the  most  celebrated  cities  of  the  ancient  world. 
Of  Heliopolis,  Syene  and  Babylon  in  Egypt ;  of  Tyre,  Sidon,  Palmyra, 
Nineveh,  Carthage,  Utica,  Barca,  and  many  others ;  and  when,  in  the  course 
of  future  ages,  the  remaining  portals  and  columns  of  Persepolis  are 
entirely  decayed,  and  its  sculptures  crumbed  to  dust :  its  cisterns  and 
aqueduct  (both  hewn  out  of  the  rock)  will  serve  to  excite  the  curi 
osity  of  future  antiqiiaries,  when  every  other  monument  of  the  city  to 
which  they  belonged  has  perished.  The  features  of  nature,  says  Dr. 
Clarke,  continue  the  same,  though  works  of  art  may  be  done  away :  the 
*  beautiful  gate'  of  the  Jerusalem  temple  is  no  more,  but  Siloah's  Foun- 
tain still  flows,  and  Kedron  yet  murmurs  in  the  Valley  of  Jehoshaphat. 
According  to  Chateaubriand,  the  Pool  of  Bethesda,  a  reservoir,  one  hun- 
dred and  fifty  feet  by  forty,  constructed  of  large  stones  cramped  with 
iron,^nd  lined  with  flints  embedded  in  cement,  is  the  only  specimen  re- 
maining of  the  ancient  architecture  of  that  city. 

Ephesus,  too,  is  no  more ;  and  the  temple  of  Diana,  that  according  to 
Pliny  was  220  years  in  building,  and  upon  which  was  lavished  the  talent 
and  treasure  of  the  east;  the  pride  of  all  Asia,  and  one  of  the  wonders 
of  the  world,  has  vanished  ;  while  the  fountains  which  furnished  the  citi- 
zens with  water,  remain  as  fresh  and  perfect  Jis  ever.  And  as  a  tremen- 
dous satire  on  all  human  grandeur,  it  may  be  remarked,  that  a  few  solitary 
marble  sarcophagi,  which  once  enclosed  the  mighty  dead  of  Ephesus, 
have  been  preserved — but  as  watering  trovghsfor  cattle!^  Cisterns  have 
been  discovered  in  the  oldest  citadels  of  Greece.  The  fottntains  of 
Bounarbashi  are  perhaps  the  on^y  objects  remaining,  that  can  be  relied  on, 
in  U)cating  the  palace  of  Priam  and  the  site  of  ancient  Troy.  And  the 
well  near  the  outer  walls  of  the  temple  of  the  sun  at  Palmyra,  will,  in 
all  probability,  furnish  men  with  water,  when  other  relics  of  Tadmor  in 
the  wilderness  have  disappeared.** 

To  conclude,  a  great  number  of  the  wells  of  the  ancient  world  still 
supply  man  with  water,  although  their  history  generally,  is  lost  in  the 
night  of  time. 

■  Mr.  Addison,  in  his  joamey  southward  from  Damascus,  says  the  fountain  at  Nazera. 
iu  Galilee,  '*  trickles  from  a  spout  into  a  marble  trough,  which  appears  to  have  been 
ao  aucteot  ttarcopha^fiis.**  Ana  close  by  the  well  at  Mizra,  he  observed  Augments  of  an 
other,  which  had  been  used  for  a  similar  purpose.  We  may  add,  that  Speed,  the  old 
English  historian,  remarks  that  the  stone  ccnfin  of  Richnrd  8d,  ''is  now  made  a  drinking 
trough  for  horses  at  a  common  Ina"     Edition  of  1616.  p.  737. 

*•  Ijotq  Lindsay's  Letters,  (10.) — Phil.  Trans.  Lowthorp's  Abtidg.  iil,  490. 
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ANCIENT    AMERICAN    WELLS. 

As  wells  are  among  the  most  ancient  of  man's  labors,  that  are  extant 
in  the  old  world,  might  we  not  expect  to  find  some  on  these  continents, 
relics  of  those  races,  who,  in  the  unknown  depths  of  time,  are  supposed 
to  have  cultivated  the  arts  of  civilization  here?  We  might:  and  true  it  is 
that  among  the  proofs  that  a  populous  and  much  more  enlightened  people 
than  the  Inilians  have  ever  been,  were  at  one  time  the  possessors  of  Ame- 
rica, ancient  wells  have  been  adduced.  "  From  the  highest  point  of  the 
Ohio,  says  Mr.  T.  Flint,  to  where  I  am  now  writing  (St.  Charles  on  the 
Missouri)  and  far  up  the  upper  Mississippi  and  Missouri,  the  more  the 
country  is  explored  and  peopled,  and  the  more  its  surface  is  penetrated, 
not  only  are  there  more  mounds  brought  to  view,  but  more  incontestible 
morks  of  a  numerous  population.  Wells,  artificially  walled,  dif- 
ferent structures  of  convenience  or  defence,  have  been  found  in  such  num' 
bers^  as  no  longer  to  excite  curiosity.^^ 

But  American  antiquities  were  so  novel,  so  unlooked  for,  and  so  insu- 
lated from  those  of  the  old  world,  that  learned  men  were  greatly  per- 
plexed at  their  appearance ;  and  at  a  loss  to  account  for  their  origin.  This 
is  still,  in  a  great  measure,  the  case.  A  mystery,  hitherto  impenetrable, 
hangs  over  the  primeval  inhabitants  of  these  continents.  Who  they  were, 
and  whence  they  came,  are  problems  that  have  hitherto  defied  all  the  re- 
seaches  of  antiquarians.  Nothing,  perhaps,  but  the  increasing  occupa- 
tion of  the  soil,aud  excavations  which  civilization  induces,  will  eventually 
determine  the  question,  whether  these  antiquities  are  to  be  attributed  to 
European  settlers  of  the  sixteenth  century  ;  to  the  enterprising  Scandina- 
vians, the  North  Men^  who,  centuries  before  the  voyages  of  Columbus  and 
the  Cabots,  visited  the  shores  of  New  England,  New  York  and  the 
Jerseys ;  or  whether  some  of  them  did  not  belong  to  an  indigenous  or 
Cuthite  race,  who  inhabited  those  prolific  regions,  in  times  when  the 
mastodon  and  mammoth  and  megalonix  were  yet  in  the  land. 

No  one  can  reflect  on  the  myriads  of  our  species  who  have  occupied 
this  half  of  the  globe — perhaps  from  times  anterior  to  the  flood — without 
longing  to  know  something  of  their  history  ;  of  their  physical  and  intel- 
lectual condition  ;  their  languages,  manners  and  arts ;  of  the  revolutions 
through  which  they  passed ;  and  especially  of  those  circumstances  which 
c:iused  them  to  disappear  before  the  progenitors  of  the  present  red  men. 
The  subject  is  one  of  the  most  interesting  that  ever  exercised  the  human 
mind,  it  is  calculated  to  excite  the  most  thrilling  sensations,  and  we 
have  often  expressed  our  surprise,  that  one  of  the  most  obvious  and  pro- 
mising sources  of  information  has  never  been  sufficiently  investigated: 
we  allude  to  ancient  wells,  t^  close  examination  of  which ^  m'yght  lead  to 
discoveries  equally  interesting,  and  fur  more  importimt,  than  those  which 
resiilt^»d  from  a  similar  examination  of  Grecian  wells.  Dr.  Clarke  savs, 
that  *'  Vases  of  Terra  Cotta,  of  the  highest  antiquity,  have  been  found  in 
cleansing  the  wells  of  Athens.''* 

Some  persons  may  perhaps  suppose  the  old  wells  in  the  western  parts 
of  this  continent,  to  be  the  work  of  Indians ;  but  these  people  have  never 
been  known  to  make  any  thing  like  a  regular  well.     Mr.  Cat  I  in,  the  artist, 


■  A  Roman  well  was  di'*covercd  in  the  seventeenth  centurv.  near  tlje  great  n»nd 
which  leads  to  Carlisle,  in  Engl:in(i.  Instead  of  being  \ralle({  up  wiih  Pttme,  it  w:u 
lined  with  large  casks  or  hotheads,  six  feet  deep,  and  made  of  pine.  'V\i*i  well  wa- 
covered  with  oak  pUuik  nine  inches  thick.  In  it  were  found  urns,  dritiHtuj  cufys,  san 
dah  and  shop.n,  the  6(>les  of  which  were  stitched  and  ncUled,  Pliil.  Trans.  Lowthorp't 
A.dridg.  iii,  481. 
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vho  spent  eight  years  among  those  on  the  upper  waters  of  the  Missis- 
sippi  and  Missouri,  and  another  gentleman  who  had  long  been  east  «>f  the 
Kocky  mountains,  among  the  Flat  Heads,  and  other  tribes  towards  the 
Pacific,  both  inform  us  that  the  wild  and  untutored  Indians  never  have 
recourse  to  wells.  They  in  fact  have  no  need  of  them,  as  their  villages 
are  invariably  located  on  the  borders  or  vicinity  of  rivers.  In  some  cases 
of  suffering  from  thirst  while  traveling,  they^  in  common  with  other  sava- 
ges, sometimes  scrape  a  hole  in  sand  or  w^et  soil,  to  obtain  a  temporary 
supply. 


CHAPTER    VIII 

Ancient  methodaof  raising  water  l^oin  wells:  Inclined  yknes— Stairs  within  wells:  In  Mosopotamlf 
—Abyssinia— nindostan— Persia — Jadea — Greece — ^Thrace— England — Cord  and  bucket:  Used  atJa- 
eob's  well — by  the  patriarchs— Mahomet— In  Palestine— India— Alexandria — Arabian  Vl7.1er  drawing 
water— Oaza — Herculaneum  and  Pompeii— Wells  within  the  bouses  of  the  latter  city — Aleppo — Tyrw 
— Carthsge — Cleanthes  the  *  well  Drawer'  of  Athens,  and  successor  of  Zeno— Democrltus— Plautus 
— Asclepiadee  and  Menedemos — Cistern  pole— Roman  cisterns  and  cement— Ancient  modes  of  pnrl 
f}-ing  water. 

We  are  now  to  examine  the  modes  practised  by  the  ancients,  in  ob- 
taining water  from  wells.  When  the  first  simple  excavations  became  so 
far  deepened,  that  the  water  could  no  longer  be  reached  by  a  vessel  in 
the  hand,  some  mode  of  readily  procuring  it  under  such  circumstances 
would  soon  be  devised.  In  all  cases  of  moderate  depth,  the  most  simple 
and  efficient,  was  to  form  an  inclined  plane  or  passage,  from  the  surface 
of  the  ground  to  that  of  the  water;  a  device  by  which  the  principal  ad- 
vantages of  an  open  spring  on  the  surface  were  retained,  and  one  by  which 
domestic  animals  could  procure  water  for  themselves  without  the  aid  or 
attendance  of  man.  There  is  reason  to  believe  that  this  was  one  of  the 
primitive  methods  of  obtaining  the  liquid,  when  it  was  but  a  short  dis- 
Unce  below  the  surface  of  the  ground ;  and  was  most  likely  impercep- 
tibly introduced  by  the  gradual  deepening  of,  or  enlarging  thr  cavities  of 
natural  springs,  or  artificial  excavations. 

But  when  in  process  of  time,  these  became  too  deep  for  exterior  pas- 
sages of  this  kind  to  be  convenient  or  practicable,  the  wells  themselves 
were  enlarged,  and  stairs  or  steps  for  descending  to  the  water,  constructed 
within  them.  The  circumstances  recorded  in  Genesis,  xxiv.,  induce  us  to 
believe  that  the  wells  at  which  Eliezer,  the  steward  of  Abraham,  met  Re- 
becca, was  one  of  these.  When  the  former  arrived  at  Nahor,  he  made 
his  camels  "  to  kneel  down  without  the  city  by  a  well  of  water,  at  the 
time  of  the  evening  that  women  go  out  to  draw  water:  and  Rebecca 
came  out  with  her  pitcher  upon  her  shoulder— and  she  went  down  to  the 
well,  and  filled  her  pitcher  and  came  vp"  Had  *niy  machine  been  attached 
to  this  well,  to  raise  its  w^ater,  or  had  a  vessel  ouspended  to  a  cord  been 
used,  she  could  have  had  no  occasion  to  descend.  It  therefore  appears 
that  the  liquid  was  obtained  by  immersing  the  pitcher  in  it,  and  in  order 
to  do  this,  the  persons  *  went  down'  to  the  water.  That  this  well  was 
not  deep,  may  be  inferred  from  the  fact  that  Rebecca  drew  water  suffi- 
cient to  quench  the  thirst  of  ten  camels,  for  it  is  said,  she  supplied  them. 
"  till  they  had  done  drinking;"  a  task  which  no  young  female  could  have 
iccomplishcd  in  the  time  implied  in  ^he  text,  if  this  well  had  been  even 
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moderately  deep,  and  one  which  under  all  circumstances  was  a  labfirions 
performance ;  for  these  animals  take  a  prodigious  quantity  of  water  at  a 
time,  sufficient  to  last  them  from  ten  to  twenty  days.  Eliezer  might  well 
wonder  at  the  ingenuous  and  benevolent  disposition  of  Rebecca,  and  ev^ry 
reader  of  the  account  is  equally  surprised  at  his  insensibility,  in  permitting 
her  to  perform  the  labor  unaided  by  himself  or  his  attendants. 

Wells  with  staira  by  which  to  descend  to  the  water,  are  still  common. 
The  inhabitants  of  Arkeko  in  Abyssinia,  are  supplied  with  water  from  six 
wells,  which  are  twenty  feet  deep  and  fifteen  in  diameter.  The  water  is 
collected  and  carried  vp  a  broken  ascent  by  men,  women  and  children.' 
Fryer  in  his  Travels  in  India,  p.  410,  speaks  of"  deep  wells  many  fathom 
under  ground  with  stately  stofie  stairs^  Joseph's  well  in  Egypt  is  another 
example  of  stairs  both  within  and  without.  Bishop  Ileber  observed  one 
in  Benares  with  a  tower  over  it,  and  a  "  steep  flight  of  steps  for  descend 
ing  to  the  water."  Forrest,  in  his  Tour  along  the  Ganges  and  the  Jumna, 
says,  "  near  the  village  of  Futtehpore,  is  a  large  well,  ninety  feet  in  cir- 
cumference, with  a  broad  stone  staircase  to  descend  to  the  water,  which 
might  be  about  thirty  feet."  Mr.  Forbes,  in  his  Oriental  Memoirs,  re- 
marks that  many  of  the  Guzzerat  wells,  have  steps  leading  down  to  the 
water;  while  others  have  not."  In  a  preceding  page,  we  quoted  a  passage 
from  Ward's  History  of  the  Hindoos  to  the  same  efliect.  Tavernier, 
speaking  of  the  scarcity  of  water  in  Persia,  says,  of  wolls  they  have  t\ 
great  many,  and  he  describes  one  with  steps  down  to  the  wnter.^  "  We 
passed  a  lai^e  and  well  built  tank,  with  two  flights  of  steps  descending  int*> 
it,  at  the  opposite  angles,  possibly  the  pool  of  Hebron,  where  David 
hanged  the  murderers  of  Ishbosheth.''^  The  fountain  of  Siloam  is  reached 
by  a  descent  of  thirty  steps  cut  in  the  solid  rock. 

The  small  quantity  of  water  furnished  by  some  wells,  rendered  a  de- 
scent to  it  desirable,  and  hence  it  was  often  collected  as  fast  as  it  appeared, 
by  women  who  often  waited  for  that  purpose.  "  That  which  pleased  me 
most  of  all,"  says  Fryer,  p.  126,  "was  a  sudden  surprise,  when  they 
brought  me  to  the  wrong  side  of  a  pretty  square  tank  or  well,  with  a  wall 
of  stone  breast  high ;  when  expecting  to  find  it  covered  with  water,  look- 
ing down  five  fathom  deep,  I  saw  a  clutter  of  women,  very  handsome, 
waiting  the  distilling  of  the  water  from  its  dewy  sides,  which  they  catch 
in  jars.  It  is  cut  out  of  a  black  marble  rock,  up  almost  to  the  top,  with 
broad  steps  to  go  down.  Air.  Addison  in  his  *  Journey  Southward  from 
Damascus,'  says,  "  at  the  fountain  near  D'jenneen,  the  women  used  their 
hands  as  ladles  to  fill  their  pitchers."  This  scarcity  of  water,  and  the  prac- 
tice of  scooping  it  up  in  small  quantities,  are  referred  to,  by  both  sacred 
and  profane  authors.  "  They  came  to  the  pits  and  found  no  water,  they 
returned  with  their  vessels  empty."  Jer.  xiv,  3.  "  There  shall  not  be 
found  of  it  a  sherd,  [a  potter's  vessel,]  to  take  fire  from  the  hearth,  or  to 
lake  water  out  of  the  pit," — that  is,  to  scoop  it  up  when  too  shallow  to 
immerse  a  vase  or  pitcher  in  it.  isaiah,  iii,  14.  St.  Peter  speaks  of  wells 
*"  without  water,'  and  Hosea,  of  '  fountains  dried  up.' 

"  The  water  nymphs  lament  their  empty  urns."     Ovidf  Mett.  ii,  278. 

The  inhabitants  of  Libya,  where  the  wells  often  contain  little  water,  "  draw 
it  out  in  little  buckets,  made  of  the  shank  bones  of  the  camel."** 

Wells  with  stairs  are  not  only  of  very  remote  origin,  but  they  appear 
to  have  been  used  by  all  the  nations  of  antiquity.  They  were  common 
among  the  Greeks  and  Romans.®     The  well  mentioned  by  Pausanias,  of 

•Ed.  Encyc.    Art  Arkeko.    *> Persian  Trav.  167.    •Lindsay's  Trav.  Let  9. 
'Ogilvy's  Africa,  306.    "Lardners  Arts  of  the  Greeks  and  Romans,  i,  I8S. 
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which  wc  have  sooken  in  a  pi-cvious  chapter,  has  steps  which  lead  down 
to  the  water."  fhe  well  for  the  purificalioii  of  worshippers,  in  the  tem- 
ple of  lsi9,  in  Pompeii,  has- a  descent  by  steps  to  the  w;Her.l>  The  wells 
of  Thrace,  had  generally  a  covered  flij;ht  nt  steps."  Ancient  wells  of 
hirnilarconstnietiun  are  stitl  to  be  seen  in  various  parts  of  Euiope.  There 
13  one  near  Hem paieai].  Eng.  for  the  protection  of  which,  an  act  of  par- 
liament was  pa^ised  in  the  reign  of  Henry  VUI. 

Such  wells,  probably  gave  rise  to  the  beautiful  circular  staira  so  cotr* 
mon  in  old  towers,  ami  still  known,  as  'well  stairs.' 

In  Galveston,  (Texas,)  and  othi-r  parts  of  Anwriea,  whore  there  are  no 
springs,  cisterns  are  sunk  in  the  sand  between  hillocks,  into  which  the 
surface  water  drains,  and  steps  are  formed  to  lead  down  to  it. 


Bo.*.    Modwn Ores* fsonle dran-tog Kilter.         So. 

However  old  and  numerous  wells  with  stairs  within  Ihem  may  be, 
most  of  the  ancient  ones  were  cunstructt^d  without  then) ;  hence  the  ne- 
ces.sity  of  some  mode  of  raising  the  water.  From  the  earliest  ages,  a 
ves-sel  tiitpended  to  a  cord,  has  been  used  by  ail  nations — a  de'dce  more 
simple  and  more  extensively  employed  than  any  other,  and  one  which  was 
undoubtedly  the  germ  of  the  most  useful  hydraujic  machines  of  the  an- 
cients, as  the  chain  of  pots,  chain  pump,  &c.  That  a  cord  and  bucket 
were  used  to  raise  water  from  Jacob's  well,  nineteen  centuries  ago,  is 
evident  from  the  account  of  the  interview,  which  the  Savior  had  with  the 
woman  of  Samaria  at  it.  ''  Then  cometh  he  to  a  city  i>f  Samaria,  called 
Sichar;  now  Jacob's  well  was  there,  and  Jesus  being  wearied  sat  on  the 
well ;  and  there  cometh  a  woman  of  Samaria  to  draw  water  ;  Jesus  satth 
unto  her,  give  nie  to  drink."  Had  any  machine  been  attached  to  this  well 
at  that  time,  by  which  a  traveler  or  strani^er  could  raise  it,  he  could  have 
procured  it  for  himself;  and  as  he  was  thirsty,  he  prubably  would  have 
done  so,  without  waiting  for  any  one  to  draw  it  for  him  -,  but  the  reason 
why  he  did  not,  is  sub.sequently  explained  by  the  woman  herself;  who, 
in  replying  to  one  of  his  remarks,  the  meaning  of  which  she  misappre- 
hended, said  "  Sir,  thou  host  nothing  to  dram  with,  and  the  well  is  deep." 
Tnis  welt,  as  already  remarked,  is  one  hundred  and  five  feel  deep.  Hence 
St  that  period  every  one  carried  the  means  of  raising  the  water  with  him. 
No.  9.  of  the  illustrations,  is  a  repreaentiition  of  the  woman  of  Samaria 
drawing  water.  It  is  ft\*n\  a  Greek  illuminated  manuscript  of  the  I2th 
century,  from  D'Agincourt's  Storia  Dell'Arte. 

It  is  still  the  general  practice  in  the  east,  for  any  one,  who  goes  to 

•  For.  Tup.  19d.        ^  Pompeii,  i,  277.        *  HjJraulia,  lit. 
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draw  water,  to  carry  a  vessel  and  cord  with  him.  a  custom  which  without 
doubt,  has  prevailed  there  since  the  patriarchal  ages.  This  was  the 
opinion  of  Mahomet,  whose  testimony  on  such  a  subject  is  unexceptionable, 
lie  was  an  Arab — a  people  who  pride  themselves  on  the  preservation 
of  the  customs  of  their  celebrated  ancestors,  Abraham,  Ishmael,  and 
Job.  In  his  account  of  Joseph's  deliverance  from  the  pit,  into  which  his 
brethren  had  cast  him,  (and  which  many  commentatoi's  believe  was  a 
well,  which  at  the  time  contained  little  or  no  water,)  he  says:  "Certain 
travelers  came,  and  sent  one  to  draw  water,  (who  went  to  the  well  in 
which  Joseph  was,)  and  he  let  down  his  hucket^'^  &c.  Koran,  chap.  xii. 
This  account  is  perfectly  consistent  with  that  of  Moses.  Josephus,  also, 
seems  to  have  believed  it  to  be  a  well :  **  Reubel  took  the  lad  and  tied 
him  to  a  cord,  and  let  him  down  gently  into  the  pit,  for  it  had  no  water 
in  it,"     Antiq.  B.  ii.  3. 

At  3  o'clock,  (says  Mr-  Addison  in  his  ^^  Journey  Southward  from 
Damascus^^)  we  rode  to  a  well  (in  approaching  Cana  of  Galilee)  in  a 
field,  where  an  Arab  was  watering  his  goats.  There  was  a  long  stone 
trough  by  the  side  of  the  well,  and  this  was  filled  with  water  by  means 
of  a  leathern  bucket  attached  to  a  rope,  which  the  Arab  carried  about 
with  him,  for  the  convenience  of  himself  and  his  herds.  It  was  just  such 
a  scene  as  that  described  in  Genesis  :  "  And  behold  a  well  in  the  field,  and 
lo,  there  were  three  flocks  of  sheep  lying  by  it,  for  out  of  that  well  they^ 
watered  their  flocks,  and  a  great  stone  was  upon  the  well's  mouth." 
Among  the  ruins  of  Mizra,  in  the  great  plain  of  Jezreel,  the  same  traveler 
observes :  "  Surprised  at  the  desolate  aspect  of  the  spot,  I  rode  with  my 
servant  to  a  well  a  few  yards  distant,  where  two  solitary  men  were 
watering  their  goats,  by  means  of  a  leathern  bucket  attached  to  a  rope; 
and  dismounting,  J  sat  on  the  stone  at  the  well's  mouth.''  Mr.  Forbes, 
at\er  a  residence  of  many  years  in  Asia,  said  he  **  did  not  recollect  any 
wells  furnished  with  buckets  and  ropes  for  the  convenience  of  strangei*s ; 
most  travelers  are  therefore  provided  with  them;  and  halcarras  and  reli 
gious  pilgrims  frequently  carry  a  small  brass  pot  aflnxed  to  a  long  string 
fur  this  purpose." 

In  ancient  Alexandria,  where  the  arts  were  cultivated,  and  science 
flourished  to  an  extent  perhaps  unequaled  in  any  older  city,  water  was 
drawn  up  from  the  cisterns,  with  which  every  house  was  provided,  with 
the  simple  cord  and  bucket.  This  city  was  supplied  with  water  from  the 
Nile:  it  was  admitted  into  vauitdQ  reservoirs  or  cisterns,  which  were 
constructed  at  the  time  the  foundations  of  the  city  were  laid  by  Alexander. 
They  were  suflSciently  capacious  to  contain  water  for  a  whole  year,  being 
filled  only  at  the  annual  inundation  of  the  river,  through  a  canal  made  for 
the  purpose.  Apertures  or  well  openings,  through  which  the  water  was 
raised  from  these  reservoirs,  are  still  to  be  seen.  *' Whole  lines  of  ancient 
streets  are  traceable,"  (says  Lord  Lind^>ay,  Travels,  Letter  2.)  "  by  the 
wells  recurring  every  six  or  seven  yards :  by  which  the  contiguous  houses, 
long  since  crumbled  away,  drew  water  from  the  vast  cisterns  with  which 
the  whole  city  was  undermined." 

"  Every  house,"  says  Rollin,  "  had  an  opening  into  its  cistern,  like  the 
mouth  of  a  well,  through  which  the  water  was  Uken  up  either  in  buokecs 
or  pitchers."  It  may  be  said,  this  last  quotation  is  not  conclusive,  since 
it  does  not  indicate  the  manner  in  which  the  bucket  was  elevated — bv  a 
windlass?  a  pulley  1  or  by  the  hand  alone?  We  have  satisfactory  evi- 
dence  that  it  was  by  the  latter.  The  pavement  of  the  old  city  is  from  ten 
to  thirty  feet  below  the  surface  of  the  modern  streets,  and  excavations  are 
frequently  made  by  the  Pasha's  workmen,  for  the  stones  of  the  old  pave- 
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ment  and  of  the  buildings.  In  this  manner  the  marble  months  of  the 
vaalted  reservoirs  or  cisterns  are  frequently  brought  to  light;  St.  John's 
Egypt,  vol.  i.  8 :  and  they  invariably  exhibit  traces  of  the  ropes  used  for 
raising  the  water.  Grooves  are  found  worn  in  them,  (by  the  ropes)  to  the 
depth  of  two  inches,  and  such  grooves  are  often  numerous  in  each  curb  or 
mouth.  Dry  wells  are  built  over  some  of  these,  and  continued  to  the 
level  'of  the  present  streets.  Through  them  the  inhabitants  still  draw 
water  from  the  ancient  reservoirs ;  and  in  the  same  manner  as  it  was 
rallied  from  them  when  the  Ptolemies  ruled  over  the  land.  A  person  in 
raisiing  the  bucket,  stands  at  a  short  distance  from  the  curb  or  mouth,  and 
pulls  the  ro[)e  horizontally,  or  nearly  so,  towards  him.  In  this  way,  the 
rope  rubs  at/ainst  the  top  and  inside  of  the  curb,  and  in  time  wears  deep 
grooves  in  it,  such  as  are  found  in  the  ancient  ones  just  mentioned. 
Sometimes,  in  order  to  avoid  the  friction,  and  consequent  loss  of  power 
and  wear  of  the  ropes,  the  person  drawing  would  stand  on  the  edge  of  the 
curb,  so  as  to  keep  the  cord  clear;  but  the  practice  is  too  perilous  ever 
to  have  been  general.  It  is,  however,  practised  occasionally  by  the 
Hindoos. 

El  Makin,  the  Arabian  historian,  says  that  Afoclach,  the  Vizier  of  Rhadi, 
who  was  deprived  of  his  right  hand  and  his  tongue,  and  was  confined  in 
a  lower  room  of  the  palace,  where  was  a  well;  and  having  no  person  to 
attend  him,  he  drew  water  for  himself,  pulling  the  rope  with  his  left  hand, 
and  stop[)ing  it  with  his  teeth,  till  the  bucket  came  within  his  reach. 
This  was  in  the  tenth  century.  Martigny's  History  of  the  Arabians,  vol. 
iv.  7.  The  wells  on  the  road  to  Gaza,  noticed  by  Mr.  Stephens  had  their 
upper  surfaces  formed  of  marble,  which  he  observes  had  many  grooves 
cut  in  it,  **  apparently  being  worn  by  the  long  continued  use  of  ropes  in 
drawing  water."     Incidents  of  Travel,  vol.  ii.  102. 

That  the  same  mode  of  raising  it  was  adopted  in  the  public  wells  of  the 
ancient  cities  of  Greece  and  Rome,  is  evident  from  those  of  Herculaneum 
and  Pompeii ;  and  from  discoveries  made  in  the  latter  city,  it  is  obvious 
that  it  was  practised  in  obtaining  water  from  the  wells  and  cisterns  of 
private  houses.  This  is  a  very  interesting  fact  in  connection  with  our 
subject,  as  it  shows  conclusively  that  the  pump,  if  used  at  all  by  the 
Romans  in  their  private  houses,  it  was  only  to  a  very  limited  extent.  In 
1834,  besides  theatres,  baths,  temples,  and  other  public  buildings,  eighty 
houses  had  been  disinterred.  These  were  found  to  be  almost  uniformly 
provided  with  cisterns,  built  under  ground  and  cemented,  for  the  collection 
of  rain-water.  Each  of  these  has  an  opening,  enclosed  in  a  curb,  through 
which  the  water  was  drawn  up.  These  are  generally  formed  of  a  white 
calcareous  stone,  on  which  are  to  be  seen  deep  channels,  (Pompeii,  vol.  i. 
88,)  like  those  on  the  mouths  of  the  Alexandrian  cisterns,  and  produced 
from  the  aume  cause —the  friction  of  the  ropes  used  in  drawing  the  water. 
The  hypaethrum.  says  Sir  William  Gell,  in  his  description  of  the  house 
of  the  Dioscuri,  in  this  case  served  as  a  compluvium  ;  receiving  the  water 
which  fell  from  the  roof,  and  transmitting  it  to  a  reservoir  below,  to  which 
there  is  a  marble  mouth  or  puteal,  exhibiting  the  traces  of  long  use,  in  the 
furrows  worn  by  the  ropes,  by  which  the  water  was  drawn  up.  Pompei- 
ana,  vol.  ii.  27. 

The  great  vai  iety  of  buildings  to  which  wells  and  cisterns  having  their 
.  curbs  thus  worn  were  attached,  show  that  this  mode  of  raising  water  was 
nearly  universal  in  Pompeii.  The  simple  cord  and  bucket  was  equally 
used  in  the  palace  of  the  quasstor,  and  the  humble  dwelling  of  the  private 
citizen.  It  was  by  them,  the  priests  drew  water  for  the  uses  of  the 
temples,  and  mechanics  for  various  purposes  in  the  arts.     Bakers  thus 
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raised  water  for  their  kneadinj^-troughs,  from  cisterns  or  wolls  under  the 
floor  f>f  their  shops.  Three  bakers'  shops,  at  least,  liave  been  found,  and 
ail  of  them  in  a  tolerable  state  of  preservation:  their  mills,  ovens,  knead- 
ing-troughs,  flour,  loaves  of  bread,  (with  their  quality,  or  the  bakers' 
names  stamped  on  them,)  leaven,  vessels  for  containing  water,  and  their 
leservoirs  of  the  latter,  <kc.,  have  been  discovered,  so  as  to  leavTj  almost 
nothing  wanting  to  perfect  our  knowledge  of  this  art  among  the  Koman<. 
It  is  probable  that  wells  were  not  infrequent  in  the  interior  of  the  houses 
in  Pompeii,  for  another  one  was  discovered  in  the  house  of  a  medical 
man,  as  presumed  from  chirurgical  inntruments  found  in  it.**- 

The  custom  of  Roman  bakers  having  wells  or  cisterns  within  their 
houses,  continued  to  modern  times.  When  the  Royal  Academy  of  Sci- 
ences of  France,  undertook  in  the  last  century,  the  noble  task  of  publish- 
ing a  detailed  account  of  all  the  useful  arts,  with  a  view  to  their  universal 
diffusion  and  perpetuity — the  baker  is  represented  drawing  water  from 
a  well,  under  the  floor  of  his  shop,  and  in  a  manner  analogous  to  that 
practised  by  his  predecessors  of  Pompeii.*'  London  bakers  also  had  wells 
in  their  cellars,  for  the  same  purpose,  and  probably  still  have  them  to 
some  extent.  * 

The  inhabitants  of  the  cityx)f  Aleppo,  the  metrop<:>lis  of  Syria,  drew 
water  from  their  cisterns  or  subterraneous  reservoirs,  and  also  from  their 
wells,  with  which  'almost  every  house'*'  was  provided,  with  a  cord  and 
bucket,  in  the  same  manner  as  the  Egyptians  of  Alexandria;  and  so  do 
the  inhabitants  of  Soor^  which  occupies  the  site  of  ancient  Tvre,  a  town 
which  contained  in  1816,  according  to  Mr.  Buckingham,  eight  hundred 
stone  built  houses,  most  of  which,  he  observes,  had  wells.  Ancient  Gir- 
thage  was  built  like  Alexandria,  upon  cisterns — a  common  practice  of 
old.  The  modern  inhabitants  of  Arzew,  the  ancient  Arsenaria,  as  observed 
by  Dr.  Shaw  in  his  Travels,  dv.'ell  in  the  old  cisterns,  as  in  so  many 
hovels ;  the  water  from  which,  was  doubtless  drawn  in  former  times,  by 
the  simple  cord  and  bucket — the  universal  implemenLs  still  used  through- 
out Egypt,  Palestine,  Syria,  Asia  Minor,  Persia,  Hindostan,  and  generally 
through  all  the  east.  This  primeval  device  for  raising  water,  has  been 
used  in  all  ages,  and  will  doubtless  continue  to  be  so  used,  to  the  end  of 
time. 

An  interesting  circumstance  is  recorded,  respecting  an  individual,  who, 
from  hi>)  occupation  in  ancient  Athens,  was  named  the '  Well-Drawer,' 
which  may  here  be  noticed.  This  was  Cieanthes,  a  native  of  Lydia,  who 
went  to  Athens  as  a  wrestler,  about  300  B.  C,  and  acquiring  a  taste  for 
philosophy  there,  determined  to  place  himself  under  the  tuition  of  some 
eminent  philosopher,  although  he  possessed  no  more  than  four  drachmoe^ 
or  sixty-two  cents !  He  became  a  disciple  of  Zeno,  and  that  he  might  have 
leisure  to  attend  the  schools  of  philosophy  in  the  day-time,  he  drew  water 
by  night,  as  a  common  laborer  in  the  public  gardens.  Eor  several  years 
he  was  so  very  poor,  that  ke  wrote  the  heads  of  his  master's  lectures,  on 
bones  and  shells,  for  want  of  money  to  buy  better  materials ;  at  last,  some 
Athenian  citizens  observing,  that  though  he^appeared  strong  and  healthy, 
he  had  no  visible  means  of  subsistence,  summoned  him  before  the  Areo 
pagus,  according  to  a  law  borrowed  from  the  Egyptians,  to  give  an  account 
of  his  manner  of  living.  Upon  this,  he  produced  the  gardener  for  whom 
he  drew  water,  and  a  woman  for  whom  he  ground  meal,  as  witnesses  to 
prove  that  he  subsisted  by  the  labor  of  his  hands.     The  judges,  we  are 

*  Lardner*s  Arts,  <fec  i,  268.      ^  Descriptions  des  Arte  et  Metiers.  Paiis^  1761.  Art  dv 
BooLuiger.  riauche  5.    *  RusseUfl  ULstory  of  Aleppo,  p.  7. 


(.Ti»p.  8.] 


Cistern  Pole. 


57 


li»ld,  were  so  much  struck  with  admiration  of  his  conduct,  that  they  or 
dcred  ten  mince,  [one  huiidred  and  sixty  dollars]  to  be  paid  him  out  of  the 
public  treasury. 

The  conduct  of  Cleanthes  explains  the  secret  of  the  great  celebrity  of 
many  ancient  philosophei*s,  and  shows  the  o/i/y  means  by  which  eminence 
in  any  department  of  human  knowledge  can  be  acquired:  viz,  by  industry 
and  perseverance.  Besides  his  povert}^  which  of  itself  was  sufficient  to 
paralyze  the  etforts  of  most  men,  he  was  so  singularly  dull  in  apprehen- 
sion, that  his  fellow  disciples  used  to  call  him  the  ass  ;  but  resolution  and 
appHciition  raised  him  above  thet«i  all,  made  him  a  complete  master  of 
the  stoic  philosophy,  and  qualified  him  as  a  successor  of  the  illustrious  Zeno. 
Democritus  beautifully  expressed  the  same  sentiment,  by  representing 
Truth  as  hid  in  the  bottom  of  a  well;  to  intimate  the  difficulty  with  which 
she  is  found. 

Analogous  to  the  conduct  of  Cleanthes,  was  that  of  Planius,  the  poet, 
who  being  reduced  from  competence  to  the  meanest  poverty,  hired  him- 
self to  a  baker  as  a  common  laborer,  and  while  employed  in  grinding 
com,  exercised  his  mind  in  study.  The  same  may  be  remarked  of  Ascle- 
piades  and  Menedemus,  two  Grecian  philosophers,  who  were  both  so 
poor,  that  at  one  period,  they  hired  themselves  as  bricklat/er^s  laborers^ 
and  were  employed  in  carrying  mortar  to  the  tops  of  buildings.  Ascle- 
piades,  was  not  ashamed  to  be  seen  thus  engaged,  but  his  companion  ^^hid 
himself  if  he  saw  any  one  passing  by."  Athenoeus,  says  they  were. at 
one  time  summoned,  like  Cleanthes,  before  the  Areopagites,  to  account 
for  their  manner  of  living — when  they  requested  a  miller  to  be  sent  for, 
who  tcj^tified  that  "  they  came  every  night  to  his  mill,  where  they  labored 
and  gained  two  drachma?." 

No.  8.  in  the  last  engraving,  represents  a  modern  Greek  female  drawing 
water.  It  is  from  a  sketch  of  Capo  D'Istrias'  house.  See  the  Westminster 
Beview  for  September,  1838. 
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This  simple  implement,  may  be  thought  too  in- 
significant to  deserve  a  particular  notice,  but  as  it 
is  extensively  used  in  our  rain-water  cisterns,  and 
is  no  modern  device,  we  are  unwilling  to  pass  it. 
It  was  known  to  the  Romans.  Pliny  expressly 
mentions  it,  when  speaking  of  various  modes  of 
watering  gardens.  He  says  water  is  drawn  from 
a  well  or  tank, "  by  plain  poles,  hooks  and  buckets/' 
B.  xix,  4 ;  and  that- it  was  a  domestic  implement  in 
old  times  as  at  present,  in  raising  water  from 
cisterns,  is  proved  by  the  discovery  of  some  of 
the  hooks  at  Pompeii.  Lard.  Arts,  &c,  i,  205. 
Having  mentioned  the  rain  water  cisterns  of  the 
Romans,  it  may  be  observed,  that  they  were  as 
common  in  Pompeii  as  they  are  in  this  city,  every 
house  having  been  furnished  with  one. 

As  Pliny  s  account  of  these  cisterns  may  be 
useful  to  some  mechanics,  especially  masons,  we 
shall  make  no  apology  for  inserting  it.  "  The 
walls  were  lined  with  strong  cement,  formed  of 
five  parts  of  sharp  sand,  and  two  of  quicklime 
mixed  with  flints ;  the  bottom  being  paved  with 
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the  same,  and  well  beaten  with  an  iron  rammer."  B.  xxxvi,  23.  Holland's 
Trans.  The  composition  of  this  cement,  differs  from  that  which  Dr. 
Shaw  says  has  been  used  in  modern  times  in  the  east;  and  which  he 
thinks  is  the  same  as  that  of  the  ancients.  He  says  the  cisterns  which 
were  built  by  Sultan  ben  E(/llb,m  several  parts  of  the  kingdom  of  Tunis, 
are  equal  in  solidity  with  the  famous  ones  at  Carthage,  continuing  to  this 
day  (unless  where  they  have  been  designedly  broken,)  &9,  firm  and  compact, 
as  if  they  were  just  finished.  The  composition  is  made  in  thi^*  manner*, 
they  take  two  parts  of  wood  ashes,  three  of  lime,  and  one  of  fine  sand, 
which  after  being  well  sifted  and  mixed  together,  they  beat  for  three 
days  and  nights  incessantly  with  wooden  mallets,  sprinkling  them  alter- 
nately and  at  proper  times,  with  a  little  oil" and  water,  till  they  become 
of  a  due  consistence.  This  composition  is  chiefly  used  in  their  arches, 
cisterns  and  terraces.  But  the  pipes  of  their  aqueducts,  are  joined  by 
beating  tow  and  lime  together,  with  oil  only,  without  anv  mixture  of  water. 
Both  these  compositions  quickly  assume  the  hardness  of  stone,  and  suffer  no 
water  to  pervade  them.     Trav.  286.  ^ 

If  the  Romans  wished  to  have  water  perfectly  pure,  they  made  two 
and  sometimes  three  cisterns,  at  different  levels ;  so  that  the  water  suc- 
cessively deposited  the  impurities  with  which  it  might  be  charged. 
From  this  we  see  that  the  recent  introduction  of  two  cisterns  for  the 
same  purpose,  in  some  of  our  best  houses,  is  a  pretty  old  contrivance. 
it  in  fact  dates  far  bevond  the  Roman  era.  The  famous  cisterns  of  So 
lomon  are  examples  of  it.  Rain-water  was  frequently  boiled  by  the  Ro- 
mans before  they  used  it.  Pliny  xxxi,  3.  This  was  also  an  ancient  prac- 
tice among  older  nations.  Herodotus,  says  the  water  of  the  Choaspes, 
which  was  drunk  by  the  Persian  kings,  was  previously  boiled,  and  kept 
in  vessels  of  silver.     B.  i,  188. 
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Tbo  Pu11e>  :  Its  origin  unknoMrn — ^Used  In  the  enaction  of  anoient  balldings  and  In  ships — Ancient 
one  found  in  Egypt— Probably  first  used  to  raise  water — Not  extensively  used  in  ancient  Grecian  wolls : 
Caose  of  this — Used  in  Mecca  and  Japan— Led  to  the  employment  of  animals  to  raise  water — Simple 
mode  of  adapting  them  to  this  purpose,  in  the  east  Pullc>y  aud  two  buckets:  Used  by  the  Anglo 
Saxons.  Nonnans,  Ac— Italian  mode  of  raising  water  to  npper  floors— Deragulier's  mode— Self-act- 
ing, or  gaining  and  losing  buckets — ^Marquis  of  Worcester — Heron  of  Alexandria — Robert  Fludd— 
Leyer  bucket  engine — Bucket  of  Bologna — Materials  of  ancient  buckets. 

PULLEY   AND   SINGLE    BUCKET. 

We  now  come  to  the  period  wher  some  of  the  simple  machines,  or 
mechanical  powers,  as  they  are  improperly  named,  were  applied  to  raise 
water.  When  this  first  took  place,  is  unknown  :  That  it  was  at  an  early 
stage  in  the  progress  of  the  arts,  few  persons  will  doubt;  but  the  time  is 
as  uncertain,  as  that  of  the  invention  of  those  admirable  contrivances 
for  transmitting  and  modifying  forces.  It  was  among  the  devices  by 
which  the  famous  structures  of  antiquity  were  raised  ;  and  Egyptian  en- 
gineers under  the  Pharaohs,  were  undoubtedly  acquainted  with  all  the 
combinations  of  it  now  known.  Had  Vitruvius  neither  described  It,  iinr 
mentioned  its  applications,  a  circumstance  which  occurred  at  the  close  of 
Oeopatra's  life,  would  have  sufficiently  proved  its  general  use,  in  the 
erection  of  elevated  buildings  under  the  Ptojemies.     The  Egyptian  queen. 
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to  avoid  falling  into  the  hands  of  Octavius,  took  refuge  in  a  very  high 
tower,  accessible  only  from  above.  Into  this,  she  and  her  two  maids, 
drew  up  Antony,  (who  hud  given  himself  a  fatal  wound,)  by  means  of 
ropes  and  pullies,  which  happened  to  be  there,  for  the  purpose  of  raising 
stones  to  the  top  of  the  building.  But  the  pully  was  an  essential  re- 
quisite in  the  sailing  vessels  of  Egypt,  India,  and  China,  in  the  remotest 
ages.  iXeither  trading  ships,  nor  the  war  fleets  of  Sesostris,  or  previous 
warriors  could  have  traversed  the  Indian  ocean  without  this  appendage  to 
raise  or  low»r  the  sails,  or  quickly  to  regulate  their  movements  by  hal- 
liards. The  ancient  Egyptians,  says  Mr.  Wilkinson,  "were  not  ignorant 
of  the  pulley."  The  remains  of  one  have  actually  been  disinterred,  and 
are  now  preserved  in  the  museum  of  Leyden.  The  sides  are  of  atkul 
or  tamarisk  wood,  the  roller  of  fir:  part  of  the  rope  made  of  lee/ or  fibres 
of  the  date  tree,  was  found  at  the  same  time.  This  relic  of  former  times, 
is  suppi>sed  to  have  been  used  in  drawifig  water  from  a  well.  Its  date  is 
uncertain. 

There  are  reasons  which  render  it  probable  that  the  ainf/le  pulley,  was 
ie\ised  to  raise  vNater  and  earth  from  wells,  and  probability  is  all  that  can 
ever  be  attained  with  regard  to  its  origin.  But  may  not  the  pulley  have 
been  known  before  wells'?  We  think  not,  and  for  the  following  reasons: 
1.  Most  barbarous  people  have  been  found  in  possession  of  some  of  the 
latter,  but  not  of  the  former ;  and  in  the  infancy  of  the  arts,  man  has  in 
aii  ages,  had  recourae  to  the  same  expedients,  and  in  the  same  order.  2. 
Wells  are  not  only  of  the  highest  antiquity,  but  they  are  the  only  known 
works  of  n.an  in  early  times,  in  which  the  pulley  could  have  been  r«- 
quired  or  applied.  3.  The  importance  of  water  in  those  parts  of  Asia 
where  the  turmer  generations  of  men  dwelt,  must  have  urged  them  at  an 
early  period  to  facilitate,  by  the  pully,  the  labor  of  raising  it.  That  it 
preceded  the  invention  of  sliips,  and  the  erection  of  lofly  buildings  of  stone, 
is  all  but  certain ,  but  for  what  purpose,  except  for  raising  water,  the  pul- 
ley  could  have  previously  been  required,  it  would  be  difficult  to  divine, 
it  seems  to  have  been  the  first  addition  made  to  those  primitive  imple- 
ments, the  cord  and  bucket;  and  when  once  adopted,  it  naturally  led,  as 
we  shall  find  in  the  sequel,  to  the  most  valuable  machine  which  the  an* 

cients  employed.  By  it  the  friction  of  the  rope 
in  rubbing  against  the  curb,  and  the  consequent 
loss  of  a  portion  of  the  power  expended  in  raising 
the  water,  were  avoided,  and  by  it  also  a  beneficial 
change  in  the  direction  of  the  power  was  attained : 
instead  of  being  exerted  in  an  ascending  direction, 
as  in  Nos.  8  and  9,  it  is  applied  more  conveniently 
and  efficiently  in  a  descending  one,  as  in  the  figure. 
Notwithstanding  the  obvious  advantages  of  using 
the  pulley,  it  would  appear  that  it  was  not  exten- 
sively Uftied  in  the  public  wells  of  the  ancients,  ex- 
cept in  those  from  which  the  water  was  raised  by 
^^^^  oxen.     No  example  of  its  use  has  occurred  in  the 

■o.  II.   Pulley  and  Bucket,  wells  of  Herculaneum  or  Pompeii.     Nor  does  it 

appear  to  have  been  employed  to  any  great  extent 
by  the  Greeks;  for  with  them,  a  vessel  by  which  to  draw  water,  was  as 
necessary  a  utensil  to  their  mendicants,  as  to  the  modem  pilgrims  and 
fakirs  of  Asia.  The  poorest  of  beggars,  Aristophanes'  Telepheus,  had  a 
^taf^  a  broken  cup  and  a  bucket,  although  it  leaked.  This  custom,  there 
ftjre,  of  carrying  a  vessel,  and  cord  to  draw  water,  shows  that  no  per- 
manent one  was  attached  to  their  public  wells,  which  would  have  Leen 
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the  case  hid  the  pulley  been  used.  If  such  had  been  the  custom,  neither 
the  mendicant  Telepheus,  nor  Diogenes,  the  philosopher,  would  have  car- 
ried about  with  them  vessels  fur  the  purpose.  . 

It  is  not  easy  to  account  for  the  partial  rejection  of  the  pulley  by  the 
Greeks  in  raising  water,  when  its  introduction  would  have  materially  di- 
minished human  labor.  It  certainly  did  not  arise  from  ignorance  of  its 
advantiiges,  as  their  constant  application  of  it  to  other  purposes  attests; 
and  there  is  reason  to  believe,  they  adopted  it  to  some  extent  in  raising 
water  from  the  holds  of  their  ships,  in  common  with  the  maritime  people 
of  Asia.  It  was  indeed  used  in  some  of  their  wells,*  but  only  to  a  limi- 
ted extent.  The  principal  reason  for  not  employing  it  in  public  wells,  was 
probably  this — With  it  a  single  person  only  could  draw  water  at  a  time, 
while  without  it  numbers  could  lower  and  raise  their  vessels  simulta* 
neously,  without  interfering  with  each  other.  In  the  former  case,  alter- 
cations  would  be  frequent  and  unavoidable ;  and  the  inconvenience  of 
numbers  of  people  waiting  for  water  in  warm  climates  a  serious  evil.  The 
rich,  and  those  who  had  servants  would  always  procure  it,  while  the  poor 
and  such  as  had  no  leisure,  would  obtain  it  with  difficulty.  The  lar(/e  di- 
ameter of  their  wells  and  those  of  other  nations,  it  would  seem,  was  solely 
designed  to  accommodate  several  people  at  the  same  time.  These  rea- 
sons it  is  admitted  do  not  apply  to  the  private  wells  and  cisterns  of  the 
Greeks  and  Romans,  in  which  the  pulley  might  have  bet^n  U'^ed  ;  but 
those  people  followed  the  practice  of  older  nations,  and  from  the  great 
number  of  their  slaves,  (who  drew  the  water)  they  had  no  inducement  or 
disposition  to  lessen  their  labor. 

A  bucket  suspended  over  a  pulley,  is  still  extensively  used  in  raising 
water  from  wells  throughout  the  world.  The  Arabians  use  it  at  the  well 
Zeinzem  ;  the  mouth  of  which,  is  "surrounded  by  a  brim  of  fine  white 
marble,  five  feet  high,  and  ten  feet  in  diameter ;  upon  this  the  persons 
stand,  who  draw  water  in  leathern  buckets,  attjiched  to  pulleys^  an  iroa 
railing  being  so  placed  as  to  prevent  their  fulling  in."** 

Apparatus  precisely  similar  to  the  figure  in  No.  11,  are  used  by  the  Ja- 
panese and  other  Asiatics.     Montanus*  Japan,  294. 

The  pulley  has  but  recently  given  place  to  pumps,  in  workshops  and 
dwellings,  and  in  th&^e  only  to  a  limited  extent^ being  confined  chiefly 
to  a  few  cities  in  the  United  States  and  Europe.  In  France  and  England, 
it  was  a  common  appendage  to  wells  in  the  interior  of  houses,  during  the 
last  century ;  and  in  such  cases  it  is  still  extensively  used  throughout 
Spain,  Portugal  and  other  parts  of  Europe.  It  is  very  common  in  this 
country,  and  also  in  South  America. 

But  the  grand  advantage  of  the  pulley  in  the  early  ages  was  this ; — by 
It  the  vertical  direction  in  which  men  exerted  their  strength,  could  be  di- 
rectly changed  into  a  horizontal  one,  by  which  change  animals  could  be 
employed  in  place  of  men.  The  wells  of  Asia,  frequently  varying  from 
two  to  three,  and  even  four  hundred  feet  in  depth,  obviously  required 
more  than  one  person  to  raise  the  contents  of  an  ordinary  sized  vessel :  and 
where  numbers  of  people  depended  on  such  wells,  not  merely  to  sup- 
ply their  domestic  wants,  but  for  the  purpose  of  irrigation,  the  substi- 
tution of  animals  in  place  of  men,  to  raise  water,  became  a  matter  almost 
of  necessity,  and  was  certainly  adopted  at  a  very  early  period.  In  era- 
ploying  an  ox  for  this  purpose,  the  simplest  w^y,  and  one  which  deviated 
the  least  from  their  accustomed  method,  was  merely  to  attach  the  end  of 
the  rope  to  the  yoke,  after  passing  it  over  a  pulley  fixed  sufficiently 


•  Lardner'b  Arte^  Ac.  i,  188.  5»  Crichton*8  Arabia,  ii,  2  i  9. 
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high  above  ihe  mouth  of  ihu  well,  and  then  driving  the  animal  in  a  direct 
line  from  it,  and  to  a  distance  equal  to  its  depth,  when  the  buekct  charg<>ii 
with  the  liquid  would  be  raiisud  from  the  bottom.  1'his,  the  moat  direet 
and  efRcieiit,  was  (it  is  Iwlieved,)  the  identical  mode  adopted,  and  likf 
other  devipes  of  the  ancients,  it  is  still  continued  by  their  descendants  ir 
Africa  and  Asia,  [ts  value  in  the  estimation  of  the  mo(1ein!>,  may  he 
learned  from  ibe  fact,  that  it  is  adopted  in  this  and  othpr  cities  for  raising 
L-oals,  &c  from  the  holds  of  ships  ;  for  which  and  similai  purposes,  it  has 
been  in  use  for  ages  in  Europe,  It  has  also  been  used  to  work  pumps, 
the  further  end  of  the  rope  being  attached  to  a  heavy  piston  woj-kinj;  ir. 
u  very  long  chamber  or  cylinder. 


This  was  probably  one  of  (he  first  operations,  and  certainly  one  of  the 
most  obvious,  where  human  labor  was  superseded  by  that  of  animals,  and 
in  accomplishing  it,  the  pully  itself  was  perhaps  discovered.  This  mode 
is  common  in  Egypt,  Arabia,  India— through  all  Hindoi^tan,  and  various 
other  parts  of  the  east.  Mr.  Elpliinstnne  mentions  a  large  well  under  the 
walls  of  the  fort  at  Bikaneer,  from  fifteen  to  twenty-two  feet  in  diamet^T, 
and  Ihree  hundred  feet  dtep.  In  this  well  four  large  Vjckets  are  used, 
each  thus  drawn  up  by  a  pair  of  oxen,  and  ull  worked  at  the  same  time. 
When  any  one  of  them  was  let  down,  "its  striking  the  water,  made  a  noise 
like  a  great  gun."  But  simple  as  this  mode  of  raising  water  by  animala 
is,  it  is  capable  of  an  improvement  equally  simple,  though  not  perhaps  ob- 
vious lo  gt'nt^ral  readers.  It  was  not  however  lelt  to  modern  mecnanicians  to 
discover,  but  is  one  among  hundreds  of  ancient  devices,  whose  origin  is 
lost  in  the  remoteness  of  titne.  It  ia  this — Instead  of  the  animal  receding 
from  the  well  on  level  ground,  it  is  made  to  descend  an  indxiied plane,  fo 
that  the  ireiyhC  of  its  body  cnniributes  towards  raisiug  the  load.  This  is 
chanioterisiic  of  Asiatic  devices.  At  a  very  early  period,  the  principle 
of  eomhiniiiif  the  weight  of  men  and  animals  with  their  musriihr  energy, 
in  pr^'pelling  m.ichiues,  was  adopted.  We  shaii  meet  with  other  e.\a(n- 
ul«s  of  it. 


Ptri-LET   AKD  TWO   BrCKBTS. 

The  addition  of  another  bucket,  so  as  to  have  one  at  each  end  of  the 
rope,  was  the  next  step  iu  the  pr»^refi8  of  improvement;  and  although  so 
simple  a  device  may  appear  !oo  obvious  to  have  remained  long  unper- 
ccived,  and  one  which  required  no  stretch  of  intellect  to  accomplish,  it 
was  one  of  III)  small  importance,  since  it  effected  what  is  seldom  witnessed 
ill  practioal  mechanics — a  saving  both  of  time  and  labor.  Thus,  by  it, 
the  empty  vej«<el  descended  and  became  filled,  as  the  other  was  elevated, 
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(withou'  the  expendilure  uf  any  additinnal  time  nnd  labor  to  tower  it,  as 
with  ihe  single  bucket,)  while  its  weight  in  dvscendiiig,  contributed  toward? 
raising  the  charged  one. 

These  odvaiitagea  were  not  the  only  results  of  the  simple  addition  of 
another  bucket;  though  they  were  probably  all  that  were  anticipated  by 
the  author  at  the  time.  It  really  Imparled  a  neie  feature  to  the  apfiaratiis, 
and  line  which  naturally  led  to  the  development  of  that  great  machine,  in 
which  terminated  all  the  improvements  of  the  older  mechanics  on  the 
primitive  cord  and  bucket — and  to  which,  miidem  ingennity  has  added — 
nothing — viz;  thb  ksdlebs  chain  of  pots — indeed  nothing  mi)re  was 
then  wanting,  but  to  unite  the  two  ends  of  the  rope  together,  and  attach 
a  number  of  its  vessels  to  it,  at  equal  distaneea  from  each  other,  through  the 
whole  of  its  length,  and  the  machine  just  named  was  all  but  coniplete. 


The  Anglo  Snx.ins  used  two  buckets  hooped  with  iron,  one  at  each 
end  of  a  chain  whieh  passed  over  a  pulley.'  And  in  ihe  old  Norman 
casiles,  water  was  riiisod  by  the  same  means.  In  one  of  the  kerpa  or  lowtrt, 
etill  remaining,  which  was  built  by  Gundnlph.  bishop  of  Rochester,  in 
the  reigns  of  the  Conquenir  and  William  Rufus,  the  mode  of  elevating 
the  water  is  obvioiw.  "  For  water,  there  was  a  well  in  the  very  middle 
of  the  partition  wall:  it  wa*  also  made  to  go  through  the  whole  wall,  from 
the  bottom  of  the  tower  up  to  the  very  leiids,  (i,  e,  the  roi-f )  nnd  on  every 
floor  were  small  arches  in  the  wall,  forming  a  communic.ntiou  between 
the  pipe  of  the  wall,  and  the  several  npartments,  so  that  by  a  pulley, 
water  was  communicated  every  whore."  And  in  Newcastle,  a  similar 
tower  exhibits  the  same  device  fiir  obtaining  the  water:  "a  remarkable 
pillar  from  which  arches  branched  out  very  beautifullv  on  each  side,  in 
closed  a  pipe,  (that  is,  the  continuation  of  the  well, J  which  conducted 
water  from  the  well."'*  It  appears  to  have  been,  in  the  middle  ^es,  tlie 
uniform  pmctico  to  enclose  wells  within  ihe  walls  of  towers,  that  in  case 
of  sieges,  the  water  might  not  be  out  off  It  was  the  same  in  early 
Rome:  the  capitol  was  supplied  by  a  deep  well  at  the  foot  of  the  Tar- 
peian  Rock,  into  which  buckets  were  lowered  through  an  nrtificiai  groove 
or  passage  made  in  the  rouk.°  The  double  Itucket  is  still  used  in  inns  in 
Spain.     See  a  figure  in  SaL  Mag.  Vol.  vii.,  58. 

A  simple  moile  is  pi'actised  in  Italy,  by  which  a  person  in  the  upper  st«ry 
of  a  house,  and  at  some  disbince  from  the  well  or  cistern,  (which  is  gen- 
erally  in  the  court  yard,)  raise:*  water  without  being  obliged  to  descend. 

One  et;3  of  a  strong  iron  rod  or  wire,  is  fixed  to  the  house  above  the 
window  tf  an  upper  lauding  or  pass^e,  and  the  other  end  in  the  ground, 

•  Kacyc  Antiq,  hii.  *  Ibid,  Si.  •  Qeirs  Topogmpliy  of  Rome,  ii,  208, 
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on  the  farther  side  of  the  welt  ami  in  a  line  with  its  centre  as  in  No.  15. 
A  ring  which  slides  easily  over  the  wire  is  secured  to  the  handle  of  ihe 
bucket,  to  which  a  cord  is  also  attached  and  passes  over  a  pulley  fixed 
ftbove  the  window.  Thus  when  the  cord  is  slackened,  the  bucket  de- 
scends'along  the  wire  into  the  water, 
and  when  filled  ia  drawn  up  by  a  per- 
,  son  at  the  window.  {Kitchens  in  the 
houses  of  Italy,  like  those  of  London 
and  Paris  are  often  on  the  upper  floors,) 
"  This  mode  of  raising  water  to  the  up- 
per stories  of  houses  is  practised  in  Ve- 
nice and  some  other  towns  in  Italy."" 
Wearenotacquainted  with  the  origin  of 
this  device.  >rom  the  circumstance  of 
the  ancient,  (as  well  as  the  modern)  in- 
habitants of  Asia,  Greece,  Italy,  iic. 
having  had  jets  d'eau  and  tanks  of  wa- 
ter in  the  centre  of  their  court-yards, 
it  is  possible  that  this  mode  of  raising 
water  to  the  upper  floors  of  dwellings, 
may  be  of  ancient  date.  It  was  in  use 
in  the  ICth  century,  and  is  described  in 
Serviere'a  collection,  from  which  the 
figure  is  tnken.li  In  the  same  work  are 
devices  for  raising  water  in  bui'kcta  to 
the  tops  of  buildings  by  pullej  s,  ropes, 
"  'ifec,  moved  by  water  wheels. 

Of  modem  devices  Sir  raising  water 
with  the  pulley  and  bucket,  the  most  efficient  is  said  to  be  that  of  Dr. 
Desaguliers.  After  passing!  the  rope  over  a  pulley,  he  suspended  to  its 
end  a  frame  of  wood  on  which  a  man  could  stand — the  bucket  at  the  other 
end  was  made  heavier  than  this  frame,  and  thiTefore  descended  of  itself. 
The  len';th  of  the  rippe  w:is  such,  that  when  the  bucket  was  at  the  bottom, 
the  fnime  was  level  with  the  place  10  which  the  water  was  to  be  raised. 
As  soon  as  the  bucket  was  filled  with  water,  for  the  admission  of  which 
a  hole  was  made  in  its  bottom,  and  covered  by  a  flap  or  valve,  a  man 
whose  weight  exceeded,  (with  the  frame)  that  of  the  bucket  and  water, 
stepped  upon  the  frame,  and  sunk  down  with  it  to  the  bottom,  and  con- 
sequently raised  the  buckut  of  water  to  the  required  height,  when  a  hook 
attched  in  a  hasp  at  the  side  of  ihe  bucket,  turned  it  over,  and  discharged 
its  ccnteuts  into  the  reservoir.  As  soon  us,  the  bucket  was  empty,  the 
man  at  the  bottom  stepped  "ff"  the  frame  and  ran  up  a  flight  of  stiiirs  made 
fur  the  purpose,  to  the  place  whence  he  descended  ;  and  in  the  mean  time, 
the  bucket  being  heavier  than  the  frame,  descended  to  the  water,  and  was 
Bguin  raised  by  t!ie  same  process. 

Siich  a  device  is  well  enough  for  philosophical  experimeiit,  but  is  cer- 
tainly not  adaptca  for  practical  purposcis.  Simple  as  it  m.iy  appear, 
'h'-re  are  requisites  necessary  to  its  efficient  application,  which  in  coniinon 
pi-actice  are  unattainable. 


Ra.  U;    tulluniodi 
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9ELF-AcriNa,  OR  QAtHiMa  and  losing  BociiR-ra. 
In  the  liitler  part  of  tha  16th,  or  beginning  of  the  17th  century,  a  ma 
chine  for  raising  water,  was  in  use  in  Italy,  which  is  entitled  to  p.ii-tiuiilai 
notice,  on  account  of  its  being  alleged  to  be  the  tir.-it  one  of  the  kind 
wfaich  was  lelfafting  ;  and  in  that  respect,  wah  the  furerunner  of  the 
motive  '  Fire  Enplne'  itself.     It  appears  to  have  been  first  described  by 
Schottua  in  his  Ttc/inia   Cariosa.     Accordingito  Moxon,  his  description 
was  tiiken  frumone  in  actual  operation  at  "a  nobleman's  huu^eat  Bnsil." 
(Mech,  Pow.  107.)     But  Belidor,  says  the  first  one  who  put  such  a  thing  in 
exeeul  i'ln,  was  Gii-unimo  Finugio,  at  Rome  in  1016 ;  although  Schottus  had 
long  befoi'e  ena'.nBed  an  engine  for  this  purpose.     Moxon  has  given  a  figure 
and  description  of  one,  but  without  naming  the  source  from  whence  he  oh- 
tsined  it :  he  says  it  was  "  made  at  Rome,  in  the  convent  of  Sl  Miiria  de 
Victoria :  the  lesser  bucket  did  contain  more  than  a  whole  urn  of  water, 
{at  Rome  they  sny  un  bar'de,)  but  before,  while  they  used  lesser  buckets, 
the  engine  wanted  success."     It  would  seem  that  it  was  to  one  of  these 
'  Roman  Engines,'  that  the  Marquis  of  Worces- 
ter referred,  m  the  2Ist  proposition  of  bis  Cen- 
tury of  Inventions  :     "  How  to  raise  wnier  con. 
Btantly  with  two  buckets  only,  day  and  night, 
mthoul  any  other  frrrc  than  tttouni  mo/mn,  using 
not  BO  much  a*  any  force,  wheel  or  sucker,  nor 
more  pulleys  than  one,  on  whic^  the  cord  or  chain 
rolleth,  with  a  bucket  fastened  at   each   end. 
This  I  confess  I  have  seen  and  Icnmed  of  the 
great   malhematioian    Claudius,  his   studies  at 
Rome,  he  having  made  a  present  thereof  unto  a 
cardinal,  find  I  desire  not  to  own  any  other  men's 
inventions,  but  if  I  set  down  any,  to  nominate  like- 
wise the  inventor." 

The  machine  de3cribed  by  Moion,  is  encum- 
bered with  too  many  nppendiiges  for  popular 
illustration — its  essential  parts  will  be  under- 
st'iod  hv  the  accompanying  diagram,  from  Hft. 
chelte's  Traito  Elementaire  des  Machines,  Paris, 
1819.  Over  a  pulley  S,  are  suspended  two 
vessels  A  and  B,  of  unequal  dimensions.  The 
smaller  one  6,  is  made  heavier  than  A  when  both 
are  empty,  hut  lighter  when  they  are  filled.  It 
is  reijiiired  to  raise  by  them  part  of  the  water 
from  the  spring  or  reservior  E,  into  the  cisiern 
Z.  As  the  smaller  bucket  B,  by  its  superioi 
gravity,  descends  into  E,  (a  flap  or  valve  in  its 
bottom  admitting  the  water,)  it  consequently 
raises  A  into  the  position  represented  in  the 
figure.  A  pipe  F,  then  conveys  water  from  the 
reservoir  into  A,  the  orifice  or  Iwiro  of  which 
pipe,  is  so  proportioned,  that  both  vessels  are 
filled  iiimvl.-anr'iu3l>/.  The  larger  bncket  then  pre- 
ponderates, di'scending  to  (),  and  B  at  the  same 
time  rising  to  the  upper  edge  of  Z,  when  Ihe 
prelecting  pins  0  O,  catch  against  others  on  the 
lower  si.Ie  of  the  buckets,  niiil  overturn  them  at 
the  same  moment.  The  bails  or  handles  are  al- 
**■  Blrc'v'K""    '''"'"*  Inched  by  swivels  to  the  side,  a  little  above  the 
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centre  of  gravit. .  As  s«x)n  as  both  vessels  are  emptied,  B  again  pre- 
ponderates, and  the  operation  is  repeated  without  any  attendance,  as 
long  as  there  is  water  in  E  and  the  apparatus  continues  in  order. 

In  Moxon^s  machine,  the  vessels  were  filled  by  two  separate  tubes  of 
unequal  bore ;  the  orifices  being  covered  by  valves,  to  prevent  the  es- 
cape of  water  while  the  buckets  were  in  motion ;  these  valves  were 
opened  and  closed  by  means  of  cords  attached  to  the  buckets.  The  efflux 
through  F  in  the  figure,  may  easily  be  stopped  as  soon  as  A  begins  tx)  de- 
soendy  by  the  acti«m  of  either  bucl^et  on  the  end  of  a  lever  attached  to  a 
valve,  or  by  other  obvious  contrivances.  The  water  discharged  from  A, 
runs  to  waste  through  some  channel  provided  for  the  purpose.  These 
machines  are  of  limited  application  since  they  require  a  fall  for  the  de* 
scent  of  A,  equal  to  the  elevation  to  which  the  liquid  is  raised  in  B.  They 
may  however  be  modified  to  suit  locations  where  a  less  descent  only  can 
be  obtained.  Thus,  by  cx)nnecting  the  rope  of  B  to  the  periphery  of  a 
large  wheel,  while  that  of  A  is  united  to  a  smaller  one  on  the  same  axis, 
water  may  be  raised  higher  than  the  larger  bucket  falls,  but  the  quantity 
raised  will  of  course  be  proportionately  dimin'Mied. 

In  Serviere's  Collection,  a  Gaining  and  Losinu  Bucket  Machine  is  de- 
acribed.  Another  one  was  invented  in  1725,  by  George  Gerves  an  Eng- 
lish carpenter,  who  probably  was  not  aware  that  he  had  been  anticipated 
by  continental  mechanics  upwards  of  a  century  before.  He  erected  one 
in  Buckinghamshire,  which  was  much  approved  of  hy  Sir  Isaac  Newton, 
Beighton,  Desagaliers,  Switzer,  and  others.  Mr.  Beighton,  who  drew  up 
a  description  of  it^  observes  that  it  was  so  free  from  friction,  that  '*  it  is 
likely  to  continue  an  age  without  repair ;  and  Dr.  Desaguliers  on  insert- 
ing an  account  of  it  in  his  Experimental  Philosophy,  vol.  ii,  461,  says, 
**  this  engine  has  not  been  out  of  order  since  it  was  first  set  up,  about  fif- 
teen years  ago."  Notwithstanding  these  favourable  testimonials,  it  has 
fallen  into  disuse.  It  was  much  too  complex  and  cumbersome,  and'  of  too 
limited  application  ever  to  become  popular. 

The  principle  of  self-action  in  all  these  machines  is  no  modem  discovery, 
for  it  was  described  by  Heron  of  Alexandria,  who  applied  it  to  the  open- 
ing and  closing  the  doors  of  a  temple,  and  to  other  purposes.  The  mo- 
tive bucket  when  filled,  descended  and  communicated  by  a  secret  cord 
the  movement  required,  and  when  Its  contents  vere  discha.-ged  (by  a  si- 
phon  similar  to  the  one  figured  in  the  Clepsydra  of  Ctcsibius,  in  our  fif\h 
book,)  it  was  again  raised  by  a  weight  at  the  other  end  of  the  cord,  like  the 
bucket,  in  the  last  figure.  See  De  Naturae  Simla  seu  technica  macro- 
cosm! historia,  by  Robert  Fludd,  (the  English  Rosicrucian.)  Oppenheim, 
1618,  pp.  478  and  489,  where  several  similar  contrivance:^  are  figured — 
hence  the  device  is  much  older  than  has  been  supposed.  t*erhaps  the 
best  modification  of  the  *  Gaining  and  Losing  Bucket',  is  Francini's,  a  de- 
scriptioc  of  which  may  be  seen  in  our  account  of  the  Endless  Chain  of 
Pots. 

A  lever  machine  described  by  Dr.  Desaguliers  may  here  be  noticed.  "  aA, 
(No.  17,)  are  two  spouts  running  from  a  gutter  or  spring  of  water,  into  the 
two  buckets  D  and  E.  D  containing  about  thirty  gallons  and  being  called 
the  losing  bucket,  and  E  the  gaining  bucket,  containing  less  than  a  quarter 
part  of  D,  as  for  example  six  galloiiS.  D  E,  is  a  lever  or  beam  movable 
about  the  axis  or  centre  C,  which  is  supported  by  the  pieces  F  F,  be- 
tween which  the  bucket  D  can  descend  when  the  co:/trary  bucket  E  is 
raised  up,  DC,  is  to  C  E,  as  one  is  to  four.  G  L  is  an  upright  piece, 
through  the  top  of  which  the  lever  K  I  moves  about  the  centre  L, 
sometimes  resting  on  the  prop  H,  and  sometimes  raised  from  it  by  the 
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pressure  of  the  arm  C  E  on  the  end  f.  The  bucket  D  when  empty,  has 
its  mouth  upwards,  being  suspended  as  above  mentioned.  The  end  D 
with  its  bucket  is  also  lighter  than  the  end  with  the  bucket  E,  when  both 
are  empty.  By  reason  of  the  different  bore  of  the  spouts,  D  is  filled  al- 
most  as  soon  as  E,  and  immediately  preponderating,  sinks  down  to  D, 
and  thereby  raises  the  contrary  end  of  the  lever,  and  its  bucket 
up  to  the  cistern  M,  into  which  it  discharges  its  water  ;  but  immediately 
the  bucket  D  becoming  full,  pours  out  its  water,  and  the  end  of  the  lever 
E  comes  down  again  into  its  horizontal  situation,  and  striking  upon  the 
end  1  of  the  loaded  leaver  I  K,  raises  the  weight  K,  by  which  means  the 
force  of  its  blow  is  broken.  If  the  distance  A  B  or  &11  of  the  wat«r  be 
about  six  feet,  this  machine  will  raise  the  water  into  the  cistern  M  twenty 
four  feet  high.  Such  a  machine  is  very  simple  and  may  be  made  in  any 
proportion  according  to  the  fall  of  the  water,  the  quantity  allowed  to  be 
wasted,  and  the  height  to  which  the  water  must  be  raised.'' 


Va  17.    Gaining  and  Losii^  Buckets. 

"  Some  years  ago,"  Dr.  Desaguliers  continues,  "  a  gentleman  showed  me 
A  model  of  such  an  engine  varying  something  from  this,  but  so  con- 
trived as  to  stop  the  running  of  the  water  at  A  A,  when  the  lever  D  E 
began  to  move.  He  told  me  he  had  set  up  an  engine  in  Ireland  which 
raised  about  half  a  hogshead  of  water  in  a  minute,  forty  feet  high,  and 
did  not  cost  forty  shillings  a  year  to  keep  it  in  repair,  and  that  it  was  not 
very  expensive  to  set  up  at  first."     Experimental  Philosophy,  vol.  i,  78. 

There  is  a  singular  historical  fact  connected  with  the  use  of  buckets  to 
raise  water  from  wells,  which  will  serve  to  conclude  this  part  of  the  sub- 
jeor^  Every  person  knows,  that  war  between  nations  has  often  arisen 
fr^*m  the  most  trifling  causes ;  when  thousands  of  human  beings,  alike 
ignorant  and  innocent  of  its  origin,  hired  by  its  authors,  armed  with 
murderous  weapons  and  incessantly  exercised  in  the  use  of  them,  are 
marshaled  into  the  presence  of  a  similar  host ;  when  both  being  stimu 
lated  by  inflaming  addresses,  and  often  excited  by  ai*dent  spirits,  destroy 
each  other  like  infuriated  tigers !  Then  after  one  party  is  overcome,  the 
other  glorying  in  the  slaughter,  hail  their  leader  a  hero^  and  not  infre- 
quently do  that,  which  fiends  would  shudder  to  think  of — viz.  return 
thanks  to  the  benign  Saviour  of  men,  for  having  enabled  them  thus  to  da 
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iiroy  their  species ;  and  to  produce  an  amount  of  misery,  as  evinced  in  the 
shrieks  of  the  wounded — the  agonies  of  the  dying — the  unutterable  pangs 
of  widows,  and  the  untold  sufferings  of  orphans — that  would  suffice  to 
draw  tears  from  demons  !  And  all  this  for  what?  Why,  at  one  time,  ac- 
cording to  Tasso,  and  it  is  degrading  to  our  nature  to  repeat  it,  because 
some  thieves  of  Modena  stole  a  bucket  belonging  to  a  public  well  of  Bo- 
logna! This  fatal  bucket  is  still  preserved  in  the  cathedral  of  Modena — 
a  memorial  of  a  sanguinary  war,  and  of  the  evils  attending  the  most  hor- 
rible of  all  human  delusions,  miVtary  glory, 

^  In  the  year  1005,  some  soldiers  of  the  commonwealth  of  Modena  ran 
away  with  a  bucket  from  a  public  well,  belonging  to  the  State  of  Bologna. 
This  implement  might  be  worth  a  shilling ;  but  it  produced  a  bloody 
quarrel  which  was  worked  up  into  a  bloody  war.  Henry,  the  king  of 
Sardinia,  for  the  Emperor,  Henry  the  second,  assisted  the  Modenese  to 
keep  possession  of  the  bucket ;  and  in  one  of  the  battles  he  was  made 
prisoner.  His  father,  the  Emperor,  offered  a  chain  of  gold  that  would 
encircle  Bologna,  which  is  seven  miles  in  compass,  for  his  son's  ransom, 
but  in  vain.  After  twenty-two  years'  imprisonment,  and  his  father  being 
dead,  he  pined  away  and  died.  His  monument  is  still  extant  in  the 
church  of  the  Dominicans.  This  fatal  bucket  is  still  exhibited  in  the 
tower  of  the  cathedral  of  Modena,  enclosed  in  an  iron  cage." 

Materials  of  Buckets. — Neptune  and  Andromache  watered  horses 
with  metallic  ones.  Both  Greeks  and  Romans  had  them  of  wood,  metal, 
and  leather.  Sometimes  wooden  ones  were  hooped  with  brcies.  One  of 
these  was  found  in  a  Roman  barrow  in  England.  The  ancient  British 
had  them  without  hoops  and  cut  out  of  solid  timber.  The  Anglo  Saxons 
made  them  of  staves  as  at  present.  Those  of  the  old  Egyptians  were 
of  metal,  wood,  skins,  or  leather,  and  probably  of  earthenware.  See 
figures  in  11th  and  13th  chapters.  We  have  given  figures  of  some  metal- 
lic ones  discovered  in  Pompeii,  in  Book  II.  The  bucket  of  Bologna  is 
formed  of  staves  and  bound  with  iron  hoops.* 

The  old  error  that '  water  has  no  weight  in  water,'  arose  from  not  per- 
ceiving the  weight  of  a  bucket,  until  it  was  raised  out  of  the  liquid  in  which 
it  was  plunged. 

AlUftough  poetry  is  foreign  to  the  design  of  this  work,  and  cold  water 
is  not  remarkably  inspiring,  nor  a  bucket  a  very  poetical  object,  yet  the 
following  beautiful  lines  of  S.  Woodworth,  on  *  The  bucket,'  are  as  re- 
freshing in  the  midst  of  a  dry  discussion  as  a  draught  of  the  sparkling 
liquid  to  a  weary  traveller  of  the  desert.^ 

That  mofis-coveTed  vessel  I  hail  as  a  treasure  ; 

For  often  at  noon,  when  returned  from  the  field, 
I  found  it  the  source  of  an  exquisite  pleasure, 

The  purest  and  sweetest  that  nature  can  yield. 

How  ardent  I  seized  it,  with  hands  that  were  glowing, 
And  quick  to  the  white-pebbled  bottom  it  fell : 

Then  soon,  with  the  emblem  of  truth  overflowing, 
And  dripping  with  coolness,  it  rose  from  the  weU. 

How  sweet  from  the  green  mOBsy  brim  to  receive  it. 

As  poised  on  the  curb  it  inclined  to  my  lips  I 
Not  a  full  blushing  goblet  could  tempt  me  to  leave  it, 

Though  filled  with  the  nectar  that  Jupiter  sips. 

•  Misson's  Travels,  iii,  827,  and  Eeysler's  Travels,  ill,  138. 

^  They  have  been  erroneously  attributed  to  the  British  Poet -Wordsworth. 
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AiTnouoH  it  may  never  be  known  to  whom  the  world  \a  indebted  for 
the  vsindlatt,  there  are  circumstances  which  point  to  the  construction  of 
wells  and  raising  of  wnter  from  them,  as  among  the  first  tises  to  which  it, 
as  well  ai  the  pulley,  was  applied.  The  windlass  possesses  an  important 
advantage  over  the  single  pulley  in  lifting  weights,  or  overcoming  any 
resistance ;  since  the  intensity  of  the  force  transmitted  through  it  can 
be  modified,  eillier  by  varying  the  length  of  the  cmnk,  or  the  circum- 
ference of  the  roller  on  which  the  rope  is  coiled.  Somclimea  a  single 
vessel  and  rope,  but  more  frequently  two,  are  employed,  aa  in  the  figure, 
No.  18. 


No.  W.    WlndlsM.    Fn.inKlrel«jnMunilinSublen»ni;ufc 

The  bucketfl  are  auapended  from  oppOMt«  sides  of  the  roller,  the  rope 
winding  round  it  in  drlfereni  directions,  bo  that,  as  one  a!>cends,  the  other 
d(i^cend^,  Pliny,  in  his  Natural  History,  xix,  4,  mentions  this  machine  as 
used  by  the  Romans  for  raising  water ;  and  in  the  36ih  book,  cap.  xv, 
when  speaking  of  a  canal  for  draining  the  marsh  Fveinut,  part  of  which 
passed  through  a  mountain,  he  says  the  water  which  flowed  in  upon  the 
workmen  wa^i  raised  up  "  with  device  of  engines  and  v>indle»."  As  there 
was  not  any  apparatus  attached  to  the  public  wells  in  Greek  and  Roman 
ciUes,  or  if  eo,  to  a  very  limited  extent,  it  ia  probable  the  windlass  was 
chiefly  used  in  the  country,  where  its  application  to  deep  wells  was  per- 
haps as  common  as  it  Js  in  jjther  parts  of  the  world  at  the  present  time. 

It  has  always  been  used  in  rallying  ore  and  water  from  mines,  Agticola 
has  given  several  figateedt  It  ae  employed  in  those  of  Hungary,  where 
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it  has  probably  been  in  uninterrupted  use  since  the  Aoman  era.'  Some** 
times  it  was  placed  on  one  side  of  the  well,  and  at  a  short  distance  from 
it,  the  ropes  passing  through  pulleys  that  were  suspended  over  its  mouth. 
By  this  arrangement  water  may  be  raised  to  any  required  height  cibove 
the  windlass;  an  advantage  in  some  cases  very  desirable.  Belidor  has 
given  a  similar  figure,  and  observes  that  such  machines  were  extensively 
used  in  the  Low  Cbuntries.^  Sometimes  a  series  of  pulleys  were  com- 
bined with  it.  In  an  old  work,  we  have  seen  the  windlass  attached  to  a 
large  tub  in  which  water  or  coal  was  raised,  so  that  one  or  more  persons 
might  ascend  and  descend,  without  the  aid  of  others  on  the  surface  of  the 
ground ;  the  ropes  being  passed  through  a  block  above  the  mouth  of  the 
pit.*  it  is  very  probable  that  these  sp plications  of  it  were  known  to  the 
Greeks  and  Romans.  Swilzer,  in  his  '  Hydrostatics,'  says,  the  ancients 
used  the  windlass  for  raising  water,  and  that  all  their  machines  of  a  similar 
oonatruction  were  classed  under  the  general  name  of  Budromia. 

There  is  a  verr  peculiar  and  exceedingly  ingenious  modification  of 
the  windlass,  which  may  here  be  noticed,  and  for  which  wc  are  indebted 
to  the  Chinese.  It  furnishes  the  means  of  increasing  mechanical  energy 
to  almost  any  exttnt,  and  as  it  is  used  by  them  to  raise  water  from  some 
of  th(»8e  prodigiously  deep  wells  already  noticed,  (p.  30,)  a  figure  of  it, 
(No.  19,)  is  vjiserted.  The  roller  consists  of  two  parts  of  unequal  di- 
ameters, to  the  extremities  of  which,  the  ends  of  the  rope  are  fastened  on 
opposite  sides,  so  as  to  wind  round  both  parts  in  different  directions.  As 
the  load  to  be  raised  is  suspended  to  a  pulley,  (See  fig.)  every  turn  of  the 
roller  raises  a  portion  of  the  rope  equal  to  the  circumference  of  the  thicker 
part,  but  al  the  same  Itnie  lets  down  a  portion  equal  to  that  of  the  smaller ; 
consequently  the  weight  is  raised  at  each  turn,  through  a  space  equal  only 
to  half  the  diiference  between  the  circumferences  of  the  two  parts  of  tho 
roller.  The  action  of  this  machine  is  therefore  slow,  but  the  laeohanical 
advantages  are  proportionably  great.'' 


IToi  IOl    ChlnrM  Wlndlafed. 


Na  Ml    Fniee  Wlndlan. 


'Hiis  is  the  neatest  and  most  simple  modification  of  the  wheel  and  a.\i?, 
that  human  ingenuity  has  devised,  and  is  .a  proof  that  the  principles  of 
mechanical  science  were  well  uuderstood  iu  remote  ages  ;  for  every  me- 


•  De  ReMetallica,  Basil.  1657.p  118, 119,  160. 
^  Architecture  Hydreulique.  torn.  2,  p.  888. 

*  Bebeon'n  Thdatre  de«  Ins^tnimens  Mathematiques  et  Mecba»?<iU«:a.     A  LjnL,  ISTfll 
^  'The  Ciiinese,'  b>  »T.  F.  Davis,  vol  ii,  286. 
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chauician,  we  think  will  admit,  that  mechanical  tact  and  ingenuity,  unaide^J 
by  scientific  knowledge,  could  never  have  devised  it.  It  exhibits  a  species 
of  originality  so  unique,  so  simple  and  efficient,  that  evidently  shows  it  to 
have  been  the  conception  of  no  common  mind.  At  what  time  it  was  first 
taken  to  £uk*J'^\  we  have  not  ch«  means  of  ascertaining.  It  has  but  re- 
cently, i.  e.  < imperatively  fcO,v  ieiHi  described  in  books.  We  are  not 
aware  of  its  having  o4?<>n  noticed  in  oiiy,  previous  to  the  last  half  century, 
(t  appears  to  have  been  introduced  Vk^  several  other  standard  machines 
from  the  same  source,  so  gradually,  \hihi  the  precise  period  of  its  first  ar- 
rival cannot  easily  be  determined,  i^msidering  the  long  period,  during 
which  European  nations  have  roaLntaint>d  an  intercourse  with  the  Chinese, 
the  recent  introduction  of  this  machine  may  appear  singular ;  but  very 
little  is  yet  known  of  that  people,  although  an  intimate  acquaintance  with 
their  arts,  would  probably  enrich  us  witli  treasures  more  valuable  than 
their  teas  and  their  porcelain. 

There  is  a  large  debt  of  gratitude  due  to  the  Chinese,  »vhich  has  never 
beftn  sufficiently  acknowledged.  It  is  to  them,  we  aK;  hidebted  for  some 
of  (he  most  important  disan^eries  connected  with  the  prosent  state  of  the 
arts  and  sciences.  From  them  was  derived  the  chief  of  aU  arts,  printing, 
and  even  movable  types,  and  that  invaluable  acquisition,  the  mariner^s 
compass;  peculiar  stoves,*  chain-bridges,  spectacle.^,  ^ilvor  forks, *>  Indin 
ink,<^  chain-pump,  winnowing  machine,*^  besides  many  others ;  and  to  cor- 
rect a  popular  error,  which  attributes  to  our  fellow  citizens  of  Conncc- 
licut,  the  invention  of  '  wooden  hams,'  it  may  as  well  be  remarked,  that 
these  are  also  of  Chinese  origin.  Le  Comte,  say^  they  are  so  adroitly 
constructed^  that  numerous  buyers  are  constantly  deceived:  tJuJ  fre- 
quently it  is  not  till  one  is  boiled  and  ready  to  be  eaten,  that  it  Ls  discovered 
to  be  "nothing  but  a  large  piece  of  wood  under  a  hog's  •kin."  But  if 
Cliina  has  produced  specimens  of  dishonest  ingenuity,  she  has,  iu  the 
tread-mill^  furnished  one  of  the  greatest  terrors  to  evil  doers. 

A  large  Fusee  is  sometimes  used  in  place  of  the  cylindrical  roller  of  a 
windlass,  especially  in  wells  of  great  depth.  When  a  bucket  is  at  the  bot- 
tom, and  the  weight  of  a  long  rope  or  chain  haj^  to  he  overcome  in  ad- 
dition to  that  of  the  water,  it  is  accomplished  more  citsiLy  by  winding  tip 

*  **  Tiiese  8t(n>e9  are  extremely  convenient,  and  deserve  to  be  iiuule  knowD  uoiverBally 
ID  oa:  country.  Some  of  our  company  took  such  »tuve9  with  them  to  Qotteubuiig,  tia 
iiodcis  for  those  who  might  want  to  know  their  constructioo."  Osbeck's  Voyage  to 
China,  vol.  i,  822. 

*•  "  Tlie  use  of  silver  forks  with  us,  by  some  of  our  spruce  gallants  taken  up  of  late, 
came  from  China  to  Italy,  and  from  thence  to  Englaud."  Heyliu's  Cosmography,  Loa 
1670.  p.  866. 

*  liie  secret  of  making  it,  xrv's  brought  by  a  Dutch  supercargo  to  Qottingen  in  1766, 
and  there  diyulgcd.    Lon.  Mag.  for  1766.  p.  403. 

*  Tim  was  also  brought  fin-t  to  HolUind  in  tlic  beginning  of  tlie  18th  century.  \i  hence 
it  soon  HI  tread  over  Europe.  It  was  carried  to  Scirtlaiul  in  1710.  Walter  So»it  h.w 
incorporated  in  one  of  his  novels,  an  historiiAl  fnot  relating  to  the  8uperstiti(»n  %»f  I.ia 
countrymen  .» npecting  it.  When  first  intro  hiced,  the  religions  feelings  r»f  ii<inv,  were 
greatly  shocked  at  an  invention,  by  which  nrtificial  whirlwinds  were  produt:ed  in  calm 
weather,  wh».n.  as  tliey  supposed,  it  was  the  will  of  G.»»l  for  tk;  air  to  remain  stilL  As 
they  consideri^d  it  a  iuoral  duty  to  wait  patiently  lor  a  natural  wuid,  to  separate  the 
i^-.ff  from  tlieir  wheat,  they  looked  U|)on  the  use  uf  this  machine,  as  rebellion  against 
liv:»?eu,  and  an  attempt  to  tak':  'Ji*^  goverminjut  of  the  world  out  of  the  Creators 
bonds!  Constant  readere  of  the  U»l>Je,  tlio  nioift  superstitious  of  the  Covenanters  ima- 
gined it  was  a  cunning  device  of  diu  Wick-d  One,  the  '  Prince  of  the  power  of  the 
Air,'  and  therefcirc  <«©  of  those  works  which  Christians  are  called  to  guard  against  and 
ronounce  !  It  was  intnuluced  into  America  in  1761,  as  a  **  Dutch  macliine  for  wiimow- 
ing  grain."  The  tir.^t  oiit»,  was  made  in  Massachusetts,  **  by  the  du-ucUuns  of  a  gentle- 
man in  tl r.  .TrtTKij^"  dwrirg  the  same  year.  Loo.  Mag.  for  1761.  p.  278.  Oavia*  Chi 
oese,  ToL  ii.  He  I. 
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the  rope  on  the  small  end  of  the  fuRee;  and  rs  the  length  diminishes,  it 
K>ils  round  the  larger  part.  (See  No.  20,  which  is  however  inaccurately 
drawn- — as  the  bucket  is  at  ihe  top  of  the  well,  it  should  have  been  repre 
seDled  as  suspended  from  the  targe  end  of  the  fusee.)  Tlie  value  of  a  de- 
Tioe  like  this  will  be  appreciated  when  the  great  depth  of  some  welli 
is  consideied,  and  the  consequent  additional  weight  of  the  chains.  In 
tbe  fortress  of  Dresden  is  a  well,  eighteen  hundred  feet  deep ;  at  Span- 
genburgh  one  of  ainty  toises;  at  Homherg,  one  of  eighty;  at  August- 
burgh  is  a  well  at  which  half  du  hour  is  required  to  raise  the  bucket; 
aiid  at  Nuremburgh  another,  sixteen  hundred  feet  deep.  In  all  these,  the 
water  ia  raised  b;  chains,  and  the  weight  of  the  last  one  is  stated  to  be 
upwards  of  a  ton:  Misson,  (vol.  i,  116.)  says  three  thousand  pounds. 

It  la  to  be  regretted  that  the  name  of  the  inventor  of  the  fusee,  and  the 
date  of  its  origin,  are  alike  unknown.  It  forms  an  essential  part  in  the  me' 
ahanism  of  ordinary  watches;  for  without  it  they  would  not  be  correct 
measurers  of  time.  Every  person  knows  that  the  moving  power  in  a 
clock  is  a  weight,  and  that  the  various  movements  are  regulated  by  a 
pendulum;  but  neither  weigiits  nor  pendulums  are  suited  to  portable 
clocks,  or  watches;  hence  a  spiral  sprinti  is  adopted  as  the  first  mover  in 
ibe  latter,  and  when  coiled  up,  as  it  is  by  the  act  of  '  winding  up'  a  watch, 
the  force  which  it  exerts,  imparts  motion  to  the  train  of  wheels ;  but  as 
thia  force  gradually  diminishes  as  the  spring  unwinds,  the  velocity  of  the 
train  would  diminish  also,  if  some  mode  of  equaliling  the  effect  of  this 
varying  force  was  not  adopted  :  It  ia  tbe  fusee  which  does  th[>i,  by 
receiving  the  energy  of  ihe  spring  when  at  its  maximum,  on  its  smaller 
end  ;  and  as  this  energy  diminishes,  it  acts  on  the  larger  parts,  as  on  the 
enda  of  levers,  which  lengthen  in  the  same  ratio  as  the  force  thpt  moves 
ihem  18  diminished. 


So.  91     WluJIuii  wllh  ccg-wtiMl  Bid  ptuloD. 

In  another  modification  of  the  windlass,  a  cog-viheel  is  fixed  to  one  end 
of  the  roller,  and  moved  by  a  pinion  that  is  secured  on  a  separate  shaft,  and 
turned  by  a  crank,  as  in  tbe  figure.  By  proportioning  the  diameter  of  the 
wheel  and  that  of  the  pinion,  (or  the  number  of  teeth  on  each)  acccrding 
tQ  the  power  employed  ;  a  bucket  and  its  contents  may  be  raised  from 
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any  depth,  »nce  a  diminution  in  the  velocity  of  the  wheel  from  a  imaller 
pinion,  is  accompanied  with  an  increase  of  ihe  energy  traaEmitled  to  the 
roller  and  viet  vtrta. 

The  Greeks  and  Romans  employed  the  wheel  and  pinion  in  several  of 
their  war  engines,  and  in  various  other  machinery.  Part  of  a  cog-wheel 
was  discovered  in  Pompeii.  They  probably  were  also  emplojed,  as  in 
No.  21,  to  raise  water  from  deep  wells,  a  purpose  for  which  they  have 
been  long  used  in  Europe.  See  Belidor,  torn.  ii.  liv.  4.  From  some  ex< 
periments  made  by  Mr.  Robertson  Buchanan,  it  was  ascertained  that  the 
labiT  of  a  man  in  working  a  pump,  turning  a  winch,  ringing  a  bell,  and 
riiwing  a  boat,  might  be  represented  respectively  by  the  numbers,  100, 
167,  ^T,  and  248;  hence  it  appears  that  the  effect  of  a  man's  labor  in 
turning  a  windlass  is  fifty  per  cent,  more  than  in  working  a  pump  in  the 
ordinary  way  hy  a  lever. 

As  a  man  cannot,  wiih  effect,  apply  his 
atrtngth  conveniently  to  a  crank  that  de- 
scribes a  ciicle  exceeding  three  or  four  feet 
in    diameter,    another    aocient    contrivance 
enabled  him  to  transmit  it  through  a  series  of 
revolving   levers,  inserted   into   one  or  both 
ends  of  the  roller;  and  which  extended  to  a 
greater  distance   from   the   centra   than    the 
crank,  as  in  the  copperplate  prinlit'g  press, 
the  steering  wheel  uf  ships  and  steam  ves- 
sels, and  numerous  other  apparatus  employed 
in  the  arts.     It  was  formerly  used  to  rai>e 
.  ■■■•niuiu,;,,^,—^--  ■  ^gier   in    buckets   from    mines    and    wells, 
Ku.2».  Augio  Buc»  CniH.      and  even  to  work  pumps:  (cams  being  se- 
cured to  the  roller,  raised  the  piston  rods  in  a 
manner  similar  lo  the  common  stamping  mills.)     Agricola  has  figured  it 
as  applied  to  both  purposes.     De  Re  Met&llica,  WH,  129,  141.     No.  22 
is  an  example  of  its  application  by  the  Anglo  Saxons,  from  Strutt's  An- 
Ijquitiea. 


There  cannot  be  a  more  expeditious  way  to  mise  water  from  a  deep 
well,  than  to  make  a  large  wheel,  [dram!  at  the  end  of  the  vinlati 
that  may  be  two  or  three  times  the  diameter  of  the  winlace  on 
which  a  smaller  and  longer  rope  may  be  wound,  than  that  which  roisea 
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the  bucket,  so  that  when  the  bucket  is  in  hft  well,  the  same  rope  is  all 
wound  on  the  gr«;iter  wheel,  [diutn]  the  end  vihereof  may  be  taken  on 
the  shouider,  and  the  man  may  walk  or  ruii  foiwards,  till  the  bucket  be 
drawn  up.  The  bucket  may  have  a  round  htilu  in  the  midst  of  the  but- 
lom  with  a  cover  fitted  to  it,  like  the  sucker  of  a  pump,  thut  when  the 
bucket  rcsti  on  the  water,  the  whole  may  opi-n  and  the  bucket  fill."  Die 
tionarium  Rus'.icum,  Lon.  1704.     See  No.  23. 

Thiit  is  one  of  the  iiioJes  of  raising  heavy  weights,  descrilied  by  Viiru- 
vius,  in  Book  X  of  liU  Architecture,  and  is  so  figured  in  some  uf  the  oil 
editions,  that  of  Barbaro  for  example.  Venice  1507.  It  appears  to  have  been 
adopted  to  raise  water  from  the  deep  wella  of  Asia  in  ancient  tiroes,  and 
is  still  continued  in  use  there.  In  Sym's  Embassy  to  Ava,  there  is  a  notiue 
of  the  Petroleum  WoDs,  the  oil  from  which  ia  universally  employed 
throughout  the  Birman  empice.  One  which  he  examined  was  four  feet 
square,  and  thirty-seven  fiiihums,  [222  feet]  deep.  The  water  and  oil 
^  were  drawn  up  in  an  iron  pot,  fastened  to  a  rope  passed  over  a  wooder. 
cylinder,  which  revolves  on  an  axis  supported  by  two  upright  posts. 
When  the  pot  is  filled,  two  men  take  the  rope  by  the  end,  und  run  down 
u  declivity,  which  is  cut  in  the  ground  to  a  distance  equivalent  to  the  deplh 
of  the  well ;  thus  when  they  reach  the  end  of  their  track,  the  pot  is 
raised  to  its  proper  elevation.""  The  contents,  water  and  oil,  are  then  dis- 
charged into  a  cistern,  and  the  water  ia  afterwards  drawn  off  through  a 
hole  in  the  buttiim.  A  rntchut  wheel  and  click  to  detain  the  bucket  when 
elevated,  would  enable  a  single  person  to  work  this  machine,  or  the 
bucket  might  be  suspended  to  iia  bull  by  swivels,  and  overturned  at  the 
top  by  a  catch,  as  in  No,  10, 


No.  S4.    Tnwd  Wheel. 

Another  mode  of  eommanicating  motion  to  the  roller,  is  by  meana  of  ■ 
trrad  lelieel,  attached  itke  the  drum  in  figure  23,  to  one  end  of  it.  Id 
this,  a  man  or  an  animal  walks  or  rather  climbs  up  one  side,  somewhat 
like  a  squirrel  in  its  cage,  and  by  his  weight  turns  the  wheel,  and  raises 
the  water,  as  represented  in  No.  24. 

This  appears  to  have  been  a-  common  mode  of  applying  human  elTort 
Some  of  their  cranes  for  raising  columns  and  oiher 
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heavy  weights,  were  moved  by  tread  wheels,  (Vitruvius,  x,  4.)     A  figure 
of  one  is  preserved  in  a  ba^A^*ilitf,  in  the  wall  of  the  market  place  at  Ca- 
pua.^    Like  other  ancient  ^Ic vices  for  raising  water  it  iias  been  continued 
in  use  in  Europe  since  Roman  times,  and  is  described  by  most  of  the  old 
writers  on  hydraulics.     Agricohi  figures  it  as  used  in  the  mines  of  Get 
many.     "To  raise  water  from  a  deepe  well,"  says  an  old  English  writer 
*'  some  use  a  large  wheele  for  man  or  beast  to  walk  in."     At  AVc^,  twc 
zaeii  raised  the  water  from  a  deep  well,  by  walking  in  one  of  these  wheels 
It  is  the  *  Keniish  fashion,'  according  to  Fosbroke,  the  wheels  being  pro- 
pelled both  by  men  and  asses.     The  Anglo  Saxons  and  Normans  also  used 
them  for  drawing  water. 

Whether  the  Greeks  and  Romans  en j  ployed  animals  in  tread  wheels, 
we  know  not,  but  the  practice  is  vory  old,  and  from  the  obvious  advan- 
tage of  quadrupeds  ov«r  biped  man  in  climbing  ascents,  it  is  probable 
that  they  were  so  employed  by  the  ancients.  Oxen,  horses,  mnles,  asses, 
dogs,  goats  and  bears,  have  all  been  used  to  propel  these  wheels  and  to 
raise  water  by  them.  At  Spangeuburgh,  water  was  raised  from  the 
well  mentioned  in  a  previous  chapter,  by  an  cw*.  In  the  Isle  of  Wight, 
Eng.  one  was  thus  engaged  for  the  extraordinary  period  of  forty  years, 
in  raising  water  from  a  well  two  hundred  feet  deep,  which  was  supposed 
to  have  been  dug  by  the  Romans.  Long  practice  had  taught  the  animal 
to  know  exactly  how  many  revolutions  were  required  to-  raise  the 
bucket;  when  by  a  backward  movement  he  would  instantly  stop  the 
wheel.  Goats  are  remarkable  for  scaling  precipices,  and  therefore  seem 
well  adapted  for  this  kind  of  labor.  In  Europe,  they  are  employed  to 
raise  both  water  and  ore  from  mines,  by  tread  wheels.  In  the  Qiapter 
on  the  Chain-Pump  we  have  insortcJ  a  cut  from  Agricola,  representing 
them  thus  engaged.  But  of  the  larger  animals,  if  there  is  one  better 
adapted  than  another,  from  its  conformation  and  habits,  it  is  the  Bear;  and 
it  is  not  a  little  singular,  that  the  Goths  actually  employed  that  animal  in 
such  wheels  to  raise  water.** 

It  is  probable  that  the  Chinese  have  from  remcte  times  employed  va 
rious  animals  in  them ;  this  we  infer  from  a  remark  of  one  of  their  wri 
ters,  quoted  by  Dr.  Milne.  In  exhorting  husbands  to  instruct  their 
wives,  he  encouiBges  them  in  the  arduous  task  by  reminding  them,  that 
"even  monkeys  may  be  taught  to  play  antics — dops  may  be  taught  to  tread 
in  a  mill — cats  may  be  taught  to  run  round  a  cylinder y  and  parrots  may 
be  taught  tn  recite  verses;"  and  hence  he  concludes  it  possible  to  teach 
women  S'^i.ietiiin^M^  Many  ancient  customs  relating  to  the  taming  and 
using  of  /ihimals  are  still  practised  in  China.  The  old  Egyptians,  had  ba- 
A  ons  and  monkeys  trained  to  gather  fruit  from  trees  and  precipices  inac- 
'..tifssible  to  men.<*  The  Chinese  employ  them  for  the  same  purpose.* 
Miwk  Antoijy,  Nero,  and  others,  in  imitation  of  more  ancient  warriors, 
wf'ffe  sometimes  dniwn  in  chariots  by  lions — Chinese  charlatajr:^,  both  ride 
Jii,  and  are  drawn  by  them,  and  by  tigers  also.     (Nicuhoff 's  Embassy.) 


Before  j»/-»^e  jacks  were  invented,  joints  of  meat  while  roasting,  were 
oflen  tumud  by  dogs  runnini?  iu  tread-wheels.  They  were  of  a  pecu- 
liar  breed)  (now  nearly  extinct)  long  backed,  having  short  legs,  and  from 


*  f  Kbroke  Antiq.  26'i.  -s*  d  Winklonuin'«  Arta  cf  the  Ancients.    Paris,  hd.  torn,  ii, 
plano^^  IS. 

*  OlauB  Maguus,  quotid  by  Foftbrokc  Encjc.  Antiq.  71.        "  Dovning^s  Stranger  in 
Cluua,vol  ii»  172,  ^  V^ilkiiwon,  vol  ii,  160.  •  Erctou's  Clu'-a. 
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their  occupation,  were  named  turnspits.  The  mode  of  teaoliing  them 
was  more  summary  than  humane.  The  animal  was  put  into  a  wheel,  the 
sides  of  which  were  closed,  and  a  burning  coal  thrown  in  behind  him; 
hence  he  could  not  stop  climbing  without  having  his  legs  burned.  As* 
might  be  supposed,  they  were  by  no  means  attached  to  their  profession  ; 
of  which  the  following  incident  has  been  adduced  as  a  proof:  In  a  cer- 
tain city,  having,  agreeably  to  custom,  attended  their  owners  to  church, 
the  lesson  for  the  day  happened  to  be  that  chapter  of  Ezekiel  wherein 
the  self-moving  chariots  are  described.  When  the  minister  first  pro- 
nounced the  word  '  wheels*  they  all  pricked  up  their  ears  in  alarm — at  the 
second  mention  of  it,  they  set  up  a  doleful  howl ;  and  when  the  awful 
word  was  uttered  a  third  time,  every  one  it  is  said,  made  the  best  of  his 
way  out  of  the  church. 

But  the  most  singular  animal  formely  used  in  thus  turning  the  spit, 
was  a  bird^  and  of  a  species  too  which  furnished  more  victims  for  the 
roast  than  any  other,  viz.  the  goose  I  Moxon,  observes  that  although  dogs 
were  commonly  used,  "g*».ese  are  better,  for  they  will  bear  their  labor 
longer,  so  that  if  there  be  need,  they  will  continue  their  labor  twelve 
hours."*  A  singular  illustration  of  man's  power  over  the  lower  animals, 
in  thus  compelling  one  to  cook  another  of  its  own  species  for  his  use. 

The  old  jack,  consisthig  of  three  toothed  wheels  and  a  weight,  was 
used  as  early  as  1444.  The  smoke  jack  was  known  in  the  following  cen. 
tury,  if  not  before,  for  it  was  described  by  Cardan,  and  afterwards  (in 
1571)  by  Bartolomeo  Scappi,  cook  to  Pope  Pius  V.  in  a  book  on  culinary 
operations.  In  1601,  a  'jack  maker'  was  a  regular  trade  in  Europe,  and 
the  ingenuity  of  the  manufacturers  was  then  often  displayed  in  decorating 
them  with  moving  puppets,  as  m  some  ancient  clocks,  and  in  the  organs, 
&c.  of  street  musicians.  Bishop  Wilkins,  (Mathematical  Magic,  B.  ii, 
cap.  3)  speaks  of  ''jacks  no  bigger  than  a  walnut  to  turn  any  joint  of  meat." 

The  name  of  these  machines,  and  a  certain  vulgar  phrase,  not  yet 
quite  obsolete,  are  all  that  is  left  to  recal  to  mind,  a  class  of  domestics, 
whose  occupation,  like  Othello's,  is  gone.  These  were  men  whose  duty 
it  was  to  turn  the  spit,  and  who  answered  to  the  familiar  cognomen  of 
'jack,'  formerly  a  oomciion  name  for  a  man-servant,  and  now  applied  to 
designate  numerous  instruments  that  supply  his  place.  Seated  at  one 
side  of  a  huge  fh'e,  his  duty  was  to  turn  the  roast  by  a  crank  attached  to 
one  end  of  the  spit.  See  a  figure  of  a  French  (oume-broche  in  the  exer- 
cise of  his  vocation,  in '  Hone's  Every  Day  Book.'  vol.  ii,  1057.  The  office 
was  far  from  being  a  sinecure,  since  no  slight  labor  was  required  to  move 
the  large  joints  of  olden  times,  the  whole  of  a  sheep  or  an  ox  being  fre- 
quently roasted  at  once ;  hence  in  some  kitchens  built  in  the  13th  century, 
it  was  particularly  directed,  that  each  should  be  provided  with  furnaces 
sufficiently  large  to  roast  two  or  even  three  oxen.  It  was  from  the  cus- 
tom of  these  artists,  of  surreptitiously  helping  themselves  to  small  pieces 
of  the  roast,  while  in  the  performance  of  their  duty,  the  unclassical  ex- 
pression  *  licking  the  fingers,'  came,  and  verifying  a  Turkish  proverb,  'he 
that  watches  the  kettle  is  sure  to  have  some  of  the  soup.'  The  phnise, 
however,  was  not  then  so  obnoxious  to  good  taste,  nor  the  act  to  good 
manners,  as  now ;  for  table-forks  were  generally  unknown,  and  moderate 
sized  joints  were  handed  round  on  the  spit,  so  that  every  one  at  table. 
separated  by  a  knife  a  slice  to  his  taste,  and  conveyed  it  by  his  finger h 


»  Mechanick  Powers,  Lod.  1696.  p.  72. 
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to  hi8  plate,  and  thence  to  his  mouth.     Ilence  the  advlc«  of  Oeid,  tor 
neither  Greeks  nor  Romans  used  table-forks : 

"  Tour  meat  f^entcelly  irith  jour  Goger*  raise  ; 

And— US  in  ealing  there's  a  certitiii  grace. 

B««Bre,  with  greasy  hnnda,  lest  you  besmear  your  (acc." 

A  German  writer  in  the  midille  of  the  16th  centiin',  in  sjgu'esting  the 
whirling  Eolipile  as  a  turnspit,  remarks,  "  it  cats  nothing,  and  gives  withal 
an  assurance  to  those  partaking  of  the  fi'iist,  whose  auspicious  natures 
nurse  queasy  appetites,  that  the  haunch  has  not  heeii  pawed  by  the  turn- 
spit, in  the  absence  of  the  housewife's  eyes,  for  the  pleasure  of  licking 
his  unclean  fingers."  This  evil  propensity  of  human  turnspits,  however, 
eventually  led  to  their  dismissal,  and  to  the  employment  of  another  spe- 
cies, which,  if  not  better  disposed  to  resist  the  same  temptatioua,  had 
less  opportunities  aflbrded  of  falling  into  them.  These  were  the  oaatno 
laborers  already  noticed. 


No.  K.    HurlloDUl  Tmd.Wbeal,  (turn  i)crliwlt. 

Hor'izonial  Ueadwheels  for  raising  water  are  described  by  Agricola, 
from  whose  work,  De  Re  Mrlallica,  we  have  copied  the  figure.  Two 
men  on  opposite  sides  of  a  horizontal  bar,  against  which  they  lear., 
push  with  their  feel  the  bars  of  the  wheel  on  which  they  tread,  behind 
them.  Sirailiir  wheels,  inclined  to  the  horizon  were  alw}  used.  For  an- 
other kind  of  tread-wheel,  see  chapters  14.  and  H.  On  ihe  Noria  and 
Chafn-punip. 

In  all  the  preceding  machines  the  roller  is  used  in  a  korizonlal  position  ; 
but  at  some  unknown  period  of  past  ages,  another  moiiificBtion  was  de- 
vised, one,  by  which  the  poiver  could  be  applied  at  any  distance  from 
the  centre.  Instead  of  placing  the  roller  as  before,  over  the  well's  mouth, 
it  was  removed  a  short  disteuce  from  it,  and  secured  in  a  vertical  position, 
by  which  it  was  converted  into  the  wheel  or  capstan.  One'  or  more  hori- 
ziintal  bars  were  attached  to  it,  of  a  length  adapted  to  the  power  em- 
ployed, whether  of  men  or  animals ;  and  an  alternating  rotary  movement 
imparted  to  it,  as  in  the  common  wheel  or  caps^tjin,  represented  in  the  next 
figure.  No.  20.  It  appears  from  Belidor,  (Tom.  ii,  333)  that  machines  of  this 
kind,  apd  worked  by  men  were  common  in  Europe  previous  to,  and  at  the 
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time  he  wrote.  Sometimes  the  shaft  was  placed  in  the  edge  of  ihe  well, 
so  that  the  person  that  moved  it  walked  round  the  latter,  and  thus  occu- 
pied less  space. 


Mo.  M.    Ccmmon  Wheel  or  Cftptlna. 

Circumstances,  highly  illustrative  of  European  manners  during  the 
early  part  of  the  17th  and  preceding  centuriei.  ore  associated  with  the  in^ 
troduction  of  table-Jbrks,  They  were  partially  known  in  Italy  in  the  11th 
oentury,  for  in  a  letter  of  Peter  Damiani,  w!io  died  in  1073,  mention  is 
made  of  a  lady  from  Constantinople,  who  was  married  to  the  Doge  of 
Venice,  and  who  among  other  strange  customs,  required  rai'i-water  t(» 
wash  herself,  and  was  so  fastidious  respecting  hor  food,  as  to  use  a  fork, 
and  a  golden  one  too,  to  take  her  meiit,  which  was  previously  cut  into 
small  pieces  by  her  servant,  Lon.  Quart.  Review,  vol.  58.  (April,  1837.) 
They  are  mentioned,  (probably  as  curiosities)  in  a  charter  of  Ferdinand 
I.  of  Spain,  1101,  and  in  the  wardrobe  accounts  of  Edward  I.  of  England, 
'  a  pair  of  knives  with  sheathes  of  silver  enameled,  and  a  forke  of  chrystal,' 
are  specified.  Fosbroke,  Ency.  Ant.  Forks  were  common  in  Italy  in 
the  15th  century,  although  nearly  unknown  to  France  and  England  in  the 
following  one.  At  the  close  of  the  16th,  they  are  noticed  as  a  luxury  in 
France,  and  lateli/  introduced,  Henry  the  Fourth's  fiirk  is  still  preserved 
— it  has  two  prongs,  and  is  of  steel.  So  late  as  1641,  they  were  not  uni- 
versal in  Paris.  In  a  representation  of  a  groat  feast  held  by  the  cobblers 
in  that  year,  and  attended  by  musicians,  &c. — ^no  forks  are  on  the 
table — ^the  carver  holds  what  appears  to  be  a  leg  of  mutton  with  one  hand, 
while  with  the  other  he  cuts  a  slice  uff,  for  a  lady  seated  next  to  him. 
Hone's  Every  Day  Book,  vol.  ii,  1055. 

They  were  not  used  in  England  till  about  the  same  time,  a  period  much 
later  than  might  have  been  supposed.  In  1611,  an  Englishman  was  ridi- 
culed for  using  one.  This  was  Coryatt  the  eccentric  traveler.  "  I  ob- 
served," he  says,  "  a  custom  in  all  those  Italian  cities  and  townes  through 
the  which  I  passed,  that  is  not  used  in  any  other  country  that  I  saw  in  my 
travels ;  neither  do  I  think  that  any  other  nation  of  Christendome  doth  use 
it,  but  only  Italy.  The  Italian  and  most  strangers  that  are  commorant, 
[dwelling]  in  Italy  do  alwaies  at  their  meales  use  a  little  forke,  when  they 
cut  their  meate.  For  while  with  their  knife,  which  they  hold  in  one 
hand,  they  cut  the  meate  out  of  the  dish,  they  fasten  their  forke  which 
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they  hold  m  the  other  hand,  upon  the  same  dish.  So  that  whatsoever  he 
be,  that  sitiing  in  the  company  of  any  others  at  nieale,  should  unadvisedly 
touch  the  dish  of  meate  with  his  fingori:,  from  which  all  at  the  table  doe 
cut,  he  will  give  occasion  of  offence  unto  the  company,  as  having  trans- 
gressed the  lawes  of  good  manners;  insomuch  that  for  his  error,  he  shall 
be  at  least  brow-beaten,  if  not  reprehended  in  words.  This  forme  of 
feeding,  I  understand,  is  generally  used  in  all  places  in  Italy,  their  forkes 
l-eing  ibr  the  most  part  made  of  yron  or  Steele,  and  some  of  silver ;  but 
these  are  used  only  by  gentlemen.  The  reason  of  this  their  curiosity  is, 
because  the  Italian  cannot  by  any  means  have  his  dish  touched  with  fin- 
j;,ers,  seeing  all  men's  fingers  are  not  alike  cleane — hereupon  T  myself 
thought  good  to  imitate  the  Italian  fashion,  by  this  forked  cutting  of  meate, 
r.ot  only  while  I  was  in  Italy,  but  also  in  Germany,  and  oftentimes  in  Eng- 
land sin  jc  I  came  home :  being  once  quipped  for  that  frequent  using  of 
my  fork?,  by  a  certain  learned  gentleman,  a  familar  friei';d  of  mine,  one 
Master  Laurence  Whitaker,  who  in  his  merry  humour  doubted  not  to 
cull  me  Furci/er^  only  for  using  a  forke  at  feeding." 

In  this  extract,  we  have  a  view  of  Italian  gentlemen  '  feeding'  in  the. 
beginning  of  the  17th  century,  and  in  the  following  one,  we  obtain  an  in- 
.sight  into  British  manners  during  the  middle  of  it.  Forty  years  after  the 
publication  of  Coryatt's  T/avels,  a  Manual  of  Cookery  appeared,  con- 
taining the  following  instructions  to  British  ladies,  when  at  table.  "A 
gentlewoman  being  at  table,  abroad  or  at  home,  must  observe  to  keep  her 
oody  straighte,  and  leai:  not  by  any  means  upon  her  elbowes — ^nor  by  ra- 
venous gesture  discover  a  voracious  appetite.  Talke  not  when  you  have 
meate  in  your  moufhc;  and  do  not  smacke  like  a  pig — ^nor  cat  spoone- 
meat  so  hot  that  the  tears  stand  ':i  vour  eyes.  It  is  very  uncourtly 
to  drinke  so  lai^e  a  draught  that  your  breath  is  almost  gone,  and  you  are 
forced  to  blow  strongly  to  recover  yourselfe.     Throwing  down  your  li- 

J[U(>r  as  into  a  funnel,  i9  an  action  fitter  fx>r  a  juggler  than  a  gentlewoman, 
n  carving  at  your  own  table,  distribute  the  best  pieces  first,  and  it  will 
appeare  very  decent  and  comely  to  use  a  forke  ;  so  touch  no  piece  of  meat 
without  ity  This  elegant  extract  is  from  ^T/te  Accomplished  Lady*s  Rich 
Closet  of  Rarities.'*  London,  1653.  Neither  knives  nor  forks  were  used  at 
the  tables  of  the  Egy  pMans.  A  representation  of  a  feasting  party  is  sculp- 
tured on  a  tomb  near  the  pyramids,  a  copy  of  which  is  inserted  in  Vol.  II, 
of  Wilkinson's  interesting  work,  (me  gentleman  holds  a  small  joint  of 
meat  in  his  hand,  two  are  eating  Rsh  which  they  retain  in  their  fingers 
while  another  is  separating  the  wing  of  a  goose  with  the  same  implements. 
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CHAPTER    XI. 

Aiffteoltnre  gsve  rise  to  numerons  dorioes  for  raising  water— Carioiu  definition  of  Egyi  tlui  bii» 
taadrj-— Irrlgatioii  alwayn  practised  in  the  east— Great  fertility  of  watered  land— Tlie  construction  of 
the  Itkee  and  canals  of  Em^'Pt  &nd  China,  subsequent  to  the  use  of  hydraulic  machines — ^Phenomenon 
in  ancient  'niebes— Similarity  of  the  early  histories  of  the  Egyptians  and  Chinese— Mythology  based 
on  agriculture  and  irrigation:  Both  inculcated  as  a  part  of  religion- Asiatic  tanks— Watering  land 
with  the  yoke  and  pots— An  employment  of  the  Israelites  in  Egypt— Hindoo  Water  Bearer^-Cuilotia 
titwp^d.  vessels— Aquarius,  *  the  Water  Pourer,*  an  emblem  of  irrigation—- Connection  of  astronomy 
»  i(h  agriculture —Swinging  baskets  of  Egypt,  China,  and  llindostan.  Arts  and  cusloma  of  tha 
aneleni  Egypciana. 

The  last  three  chapters  include  most  of  the  methods  adopted  bj  the  an- 
cients to  raise  water  for  domestic  purposes.  There  is,  however,  another 
class  of  machines  of  equal  merit  and  importance,  which  probably  had 
their  origin  in  agriculture,  i.  e.  in  the  irrigation  of  land.  Persons  who 
live  in  temperate  climates,  where  water  generally  abounds,  can  scarcely 
realize  the  importance  of  artificial  irrigation  to  the  people  of  Asia  and 
other  parts  of  the  earth.  It  was  this,  which  chiefly  contributed  to  sup- 
port those  swarms  of  human  beings,  who  anciently  dwelt  on  the  plains  of 
the  Euphrates,  the  Ganges,  the  Nile,  and  other  large  rivers.  In  Egypt 
alone,  the  existence  of  millions  of  our  species  has  in  all  times  depended 
wholly  upon  it,  and  hence  the  antiquity  of  machines  to  raise  water  among 
that  people.  The  definition  of  oriental  agriculture  is  all  but  incompre- 
hensible to  an  uninformed  American  or  European — it  is  said  to  consist 
chiefly,  *•'•  in  having  suitable  machines  for  raising  water,"  a  definition  suffi- 
ciently descriptive  of  the  profession  of  our  firemen,  but  few  people  would 
ever  suppose  it  explanatory  of  that  of  a  farmer.  It  is  however  literally 
true.  Irrigation  is  everything — the  whole  system  of  husbandry  is  inclu- 
ded in  it ;  and  no  greater  proof  of  its  value  need  be  given,  than  the  fact 
of  machines  employed  to  raise  water  for  that  purpose  in  Egypt,  being 
tazedL 

The  agricultural  pursuits  of  man,  must  at  a  very  early  period  have  con- 
vinced him  of  the  value  of  water  in  increasing  the  fruitfulness  of  the  soil : 
he  could  not  but  observe  the  fertilizing  effects  of  rain,  and  the  rich  vege- 
tation consequent  on  the  periodical  inundations  of  rivers ;  nor  on  the  other 
hand,  could  he  possibly  have  remained  ignorant  of  the  sterility  conse- 
quent on  long  continued  droughts:  hence  nature  taught  man  the  art  of  Ir- 
rigatiDg  land,  and  confirmed  him  in  the  practice  of  it,  by  the  benefits  it 
invariably  produced.  In  some  countries  the  soil  was  thus  rendered  so 
exceedingly  fruitful  as  to  exceed  credibility.  Herodotus,  when  speak- 
ing of  Babylonia,  which  was  chiefly  watered  by  artificial  irrigation,  (for 
the  Assyrians  he  observes,  '  had  but  little  rain,')  says,  it  was  the  most 
fruitful  of  all  the  countries  he  had  visited.  Ck)rn,  he  said  never  produced 
less  than  two  hundred-fold,  and  sometimes  three  hundred ;  and  afler  re- 
nting some  other  examples,  he  remarks,  that  those  persons  who  had 
not  seen  the  country,  would  deem  his  account  of  it  a  violation  of  proba> 
bility, — in  other  words,  a  traveler's  tale.  Clio,  193.  Five  hundred  years 
afterwards,  the  elder  Pliny  speaking  of  the  same  country,  observes, 
"  there  is  not  a  territory  in  all  the  east  comparable  to  it  in  fertility ;" 
while  in  another  part  of  his  work,  he  refers  to  the  cause  of  its  fruitful- 
ness— he  says,  the  principal  care  required,  was,  **  to  keep  the  ground  well 
watered."     Nat  Hist,  vi,  26,  and  xviii,  17. 
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Mr.  St  John,  mentions  a  species  of  Indian  corn  growing  in  <he  fields 
of  Egypt,  prodigiously  prolific  On  one  dar,  three  thousand  grains  were 
reckoned  !  and  a  lady,  who  frequently  made  the  experimenl  in  the  Th& 
baid,  constantly  found  between  eighteen  hundred  and  two  thousand. 
Egypt  and  Mahommed  Ali,  vol.  i,  143.  Another  proof  of  the  value  of 
irrigation  is  given  by  Herodotus.  When  speaicing  of  tliat  part  of  Egypt 
hear  Memphis,  he  observes,  that  the  people  enjoyed  the  fruits  of  the  earth 
with  the  smallest  labor.  "  They  have  no  occasion  for  the  process  nor  tk4 
instruments  of  agriculture,  usual  and  necessary  in  other  countries."  This 
remark  of  the  historian,  has  been  ridiculed  by  some  authors ;  but  its  truth 
has  been  verified  by  recent  travelers.* 

The  advantages  of  artificial  irrigation  have  not  only  been  known  from 
the  earliest  ages,  but  some  of  the  most  stupendous  works  which  the  intel- 
lect of  man  ever  called  into  existence,  were  designed  for  that  purpose: 
works  so  ancient  as  t»  perplex  our  chronologists,  and  so  vast  as  to  incline 
some  historians  to  class  them  among  natural  formations.  Ancient  writers 
unite  in  asserting  that  Lake  Moeris  was  *  the  work  of  men*s  hands,'  and 
constructed  by  a  king  of  that  name;  its  prodigious  extent,  however,  has 
led  some  modern  authors  to  question  its  alleged  origin,  although  artificial 
works  still  extant,  equal  it  in  the  amount  of  labor  required ;  as  the  Wall 
of  China,  the  Pyramids,  and  other  works  of  ancient  Egypt.  Sir  William 
Chambers,  when  comparing  the  works  of  the  remote  ancients  with  those 
of  Greece,  observes  that  the  city  of  Babylon  would  have  covered  all 
Attica ;  that  a  greater  number  of  men  were  employed  in  building  it,  than 
there  were  inhabitants  of  Greece;  that  more  materials  were  consumed  in 
a  single  Egyptian  Pyramid,  than  in  all  the  public  structures  of  Athens ; 
and  that  Lake  Mareotls  could  have  deluged  the  Peloponnesus,  and  ruined 
all  Greece.  But  incredible  as  the  accounts  of  Lakes  Moeris  and  Mareotis 
may  appear,  these  works  did  not  surpass,  if  they  equaled,  another  example 
of  Egyptian  engineering,  which  had  previously  been  executed.  This  was 
the  removal  of  the  Nile  itself!  In  the  reign  of  Menes,  (the  first,  or  one 
of  the  first  sovereigns)  it  swept  along  the  Libyan  chain  of  mountains,  that 
is,  on  one  side  of  the  valley  that  constitutes  Egypt;  and  in  order  to  render 
it  equally  beneficial  to  both  sides,  a  new  channel  was  formed  through  the 
centre  of  the  valley,  into  which  it  was  directed  :  an  undertaking  which 
indicates  a  high  degree  of  scientific  knowledge  at  that  e.irly  period. 

Before  the  lakes  and  canals  of  Egypt  or  China  could  have  been  under- 
taken, the  inhabitants  must  have  been  long  under  a  regular  government, 
and  one  which  could  command  the  resources  of  a  settled  people,  and  of  a 
people  too,  who  from  experience  could  appreciate  the  value  of  such  works 
for  the  purpose  of  irrigation,  as  well  as  the  inefficiency  of  previous  devices 
for  the  same  object ;  that  is,  of  machines  for  raising  the  water :  for  if  it 
be  supposed  the  construction  of  canals  to  convey,  of  reservoirs  to  contain, 
and  of  locks  and  sluices  to  distribute  water,  preceded  the  use  of  machines 
tor  raising  it — it  would  be  admitting  that  men  in  ignorant  times  had  the 
ability  to  conceive,  and  the  skill  to  execute  the  most  extensive  and  perfect 
works  that  civil  engineering  ever  produced — to  have  formed  lakes  like 
oceans,  and  conveyed  rivers  through  deserts,  ere  they  well  knew  how  to 
raise  water  in  a  bucket,  or  transmit  it  through  a  pipe  or  a  gutter.  The 
fact  is,  ages  must  necessarily  have  elapsed  before  such  works  could  have 
been  dreamt  of,  and  more  before  they  could  have  been  accomplished. 
Individuals  would  natifrally  have  recourse  to  rivers  in  their  immediate 
vicinity,  from  which  (the  Nile  for  example)  they  must  long  have  toiled  in 

>  St  John,  vol  i,  181.    Liodaaj  Let  6w 
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raising. water,  before  they  would  ever  think  of  piV'Curiiig  It  from  other 
parts  of  the  same  stream,  at  a  distance  varying  from  ton  to  a  hundred  miles, 
or  consent  to  ]ab<»r  for  its  conveyance  over  such  extensive  spaces. 

How  eitrernely  ancient,  then,  must  hydraulic  machinery  be  in  Egy^t, 
when  such  works  as  we  have  named,  were  executed  in  times  that  trans- 
pired long  before  the  oommencemont  of  hibtory — times  that  have  been 
considered  as  extending  back  to  the  infancy  of  the  world !  But  if,  as  is 
generally  supposed,  civilizatiiHi  and  the  arts  descended  the  Nile,  then 
machines  for  raising  water  must  have  been  employed  on  the  upper  borders 
of  that  river  before  lower  Egypt  was  peopled  at  all.  In  Nubia  and 
Abyssinia  they  have  at  all  times  been  indispensable,  in  consequence  of  the 
elevation  of  the  banks  and  the  absence  of  rain ;  while  in  Middle  and 
Lower  Egypt,  during  the  intervals  of  the  annual  overflow,  they  were  also 
th^  only  resource ;  and  at  no  time  even  there,  could  those  grounds  which 
lay  beyond  the  reach,  or  above  the  inundation,  be  irrigated  without  them. 
The  surface  of  the  river  during  *  low  Nile'  is,  in  parts  of  Nubia  30  feet 
below  the  banks,  in  Middle  Egypt  20  feet,  and  diminishes  to  the  Delta.*^ 
In  other  countries,  rain-water  was  (and  still  is)  collected  into  reservoirs 
on  the  highest  places,  and  distributed  as  required;  but  nothing  of  this  kind 
ooirid  ever  have  taken  place  in  the  land  of  the  Pharaohs.  We  are  informed 
the  inhabitants  of  ancient  Thebes  were  once  thrown  into  great  consterna- 
tion by  a  phenomenon  which  they  looked  upon  as  an  omen  of  fearful 
import — it  was  simply  a  shower  of  rain  !  This  circumstance  explains  the 
opinion  of  the  old  Egyptians,  in  supposing  the  Greeks  subject  to  famines, 
as  their  harvests  depended  on  rain.     Herod,  ii,  13. 

A  striking  result  derived  from  an  examination  of  Egyptian  history^ 
observes  Mr.  Wiikinson,  is  the  conviction,  that  the  earliest  times  into  which 
we  are  able  to  penetrate,  civilized  communities  already  existed,  and  society 
possessed  all  the  features  of  later  ages.  The  most  remote  period  to  which 
we  can  see,  opens  with  a  nation  possessing  all  the  arts  of  civilized  life 
already  matured.  The  pyramids  of  Memphis  were  erected  within  three 
hundred  years  of  the  Deluge;  and  the  Tombs  of  Bcni- Hassan,  hewn  and 
painted  with  subjects  describing  the  arts  and  manners  of  a  refined  people, 
about  six  hundred  yeara  after  that  event.  From  these  paintings,  &c.  we 
learn  that  the  manufacture  of  linen,  of  cabinet  work,  of  glass,  of  elabora^B 
works  in  gold  and  silver,  bronze,  dsc.  and  numerous  games,^  &c.  were 
then,  as  now,  in  vogue.  The  style  of  architecture  was  grand  and  chaste, 
for  the  fluted  columns  of  Beni- Hassan  *^  are  of  a  character  calling  to  mind 
the  purity  of  the  Doric."  Indeed,  modern  science  and  the  researches  of 
travelers  are  daily  adducing  facts  which  set  at  defiance  our  ordinary  chro- 
uoli^cal  theories,  but  which  appear  to  strengthen  the  opinion  of  those 
commentators  of  the  scriptures,  who  consider  the  Deluge  of  Noah  to  have 
been,  like  that  of  Deucalion,  Jocal^  not  universal :  a  doctrine  inconsistent 
with  the  postdiluvian  origin  of  the  mechanic  arts  generally,  and  of  simple 
machines  for  raising  water  in  particular. 

There  is  a  striking  resemblance  between  the  early  history  of  Egypt  and 
that  of  China,  with  regard  to  the  origin  of,  and  esteem  for  agriculture,  re- 
ligious ceremonies  connected  with  it,  artiiicial  irrigation,  modes  of  working 
the  soil,  and  implements  used.  This  art  among  both  people  was  coeval 
with  their  existence  as  nations,  and  doubtless  extends  back,  as  ancient  wri- 
ters  assert,  to  periods  anterior  to  Noah's  flood.**    Sbinnuno,  the  '  divine 

~  Wilk.  An.  Egypt,  i,  9  ~^ 

^  Lifting  weights,  wrestling,  single  stick,  and  bull  fi<;bls,  games  of  ball,  thzowing  knives^ 
odd  and  c/en,  draugbts.  dice,  and  tbimble-rig,  are  all  representod  oq  the  monuments. 

•  Le  Oomte's  Cliua,  118,  Loo.  17»8. 
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hiiRljandnian'  resembled  Osiris.  He  began  to  reign  2832,  B.C.  or  nearly 
five  hundred  years  before  the  deluge;  and  it  is  in  imitation  of  this  antedi. 
luvian  monarch,  that  the  emperors  at  the  present  day  plough  a  portion  of 
land  with  their  own  hands,  and  sow  different  kinds  of  graii],  ««nce  a  year. 
Such  it  appears  was  also  the  practice  of  Egyptian  monarchs,  for  emblema- 
tical representations  of  them  broiikicg  up  the  soil  with  a  hoe,  are  found 
among  the  sculptures.  Osiris  instructed  them  in  agriculture,  and  taught 
them  the  value  and  practice  of  irrigotion,  lie  confined  the  Nile  within 
barks,  and  formed  sluices  to  water  the  land.  On  these  accounts  was  he 
idolized  after  death,  and  worshipped  as  a  god  :  and  the  ox  whJch  he  taught 
»iiera  to  employ  in  the  cultivation  of  the  soU,  was  selected  to  personate 
him.  In  accordance  with  this  custom,  the  Israelites  made  and  worshipped 
t,bc  calf  (or  ox)  in  the  wilderness;  and  Jereboam  to  gratify  the  ignorance 
or  superstition  of  his  couLtrymen,  placed  golden  statues  of  them  in  Dan 
ai.d  Bethel ;  or,  perhaps  from  policy,  introducing  the  worship  of  Apis,  as 
a  compliment  to  Shishak,  with  whom  he  had  found  a  refuge  from  the 
wrath  of  Solomon.  Similar  to  the  worship  of  Apis,  is  the  great  festival 
i»r  the  Chinese  when  the  sun  reaches  the  15°  of  Aquarius,  during  which 
a  figure  of  a  cow  is  carried  in  the  processions.  The  feast  of  Lanterns  of 
this  pe<.»ple,  is  also  like  that  of  lamvs  anciently  held  over  all  Egypt.  Herod, 
ii,  02.  The  celebrated  Yu  was,  like  some  of  his  predecessors,  raised  to 
the  throne  of  China,  on  account  of  his  agricultural  labors.  We  are  in- 
formed that  he  drained  a  great  portion  of  the  land  ;  and  that  he  wrote  se- 
ver a  I  books  on  the  cultivation  of  the  soil,  and  on  irrigaivm.  He  flourished 
22^*5  B.C.  or  about  140  years  after  the  flood.  Seventeen  years  after 
his  death,  it  is  admitted  that  husbandry  became  systematically  organized^ 
which  necessarily  included  a  settled  plan  of  artificial  irrigation.  A  writer 
in  the  Chinese  Repository  observes,  "in  these  early  ages,  the  fundamental 
niivims  of  the  science  of  husbandry  were  established,  which  so  far  as  we 
ciji  learn,  have  been  practised  to  the  present  day.^  Vol.  iii,  121.  Egypt- 
ian-husbandry we  are  told  consisted  chiefly  in  having  ^ro/?er  machines  foi 
r  liiiiiig  water,  and  small  canals  judiciously  disposed  to  distribute  it  over 
their  fields.  In  both  these  respects  it  resembled  that  of  China,  at  the  pre- 
sent day  ;  a  portable  machine  to  raise  water,  being  as  necessary  an  imple- 
ment to  a  Chinese  peasant  as  a  spade  is  to  one  of  ours. 

The  mythology  of  the  whole  ancient  world  seems  not  only  to  have  been 
i)/rimately  associated  with  agriculture,  but  appears  to  have  been  based  up- 
or.  it.  To  the  invention  of  the  plough,  and  the  irrigation  of  land,  all  tlie 
mysteries  of  Ceres  may  be  referred.  The  great  importance  of  agricul- 
ture ,in  furnishing  food  to  man,  induced  legislators  at  an  early  period  to 
devise  means  to  promote  it.  This  they  accomplished  by  connecting  it 
with  the  worship  of  the  gods ;  and  by  classing  the  labors  of  husbandry 
among  the  most  essential  of  religious  duties.  This  system  seemd^to  have 
becii  universal.  It  was  incorporated  by  the  Roman  lawgivers  with  the 
institutions  of  that  people.  Plultarch,  in  his  life  of  Numa,  expressly  states 
that  some  of  the  laws  were  designed  to  recommend  agriculture  "  as  a  part 
of  religion."  See  also  Pliny,  xvii,  2.  The  sacred  books  of  almost  all 
ancieiic  nations  placed  irrigation,  digging  of  tanks  and  wells,  among  those 
acts  most  acceptable  to  the  gods ;  and  hence  the  Zendavesta  of  the  Per- 
sians, and  the  Shaster  of  the  Hindoos,  distinctly  inculcate  the  conveying 
of  water  to  barren  land,  as  one  of  the  precepts  of  religion. 

As  nCs  a.«untry  depended  more  upon  a.iricuiture  for  the  physical  and  poli- 
tical existence  ol  its  inhabitants  than  Egypt;  so  nowhere  was  religious  ve- 
neration for  a  carried  t4.>  a  greater  extent;  We  are  informed  their  priests 
and  statesmen  used  "  all  their  influence  in  advancing  the  prosperity  and 
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tpUndcrr  of  agriculture ;"  and  as  Osiris  made  his  own  plough,  both  kings 
»nd  priests  wore  sceptres  of  the  form  of  that  implement.  So  sensible 
were  they  of  the  blessings  derived  from  agriculture,  that  they  not  only  en- 
forced the  worship  of  Osiris  and  Isis  for  its  discovery  and  introduction, 
but  caused  even  the  animals  (oxen)  that  assisted  in  the  cultivation  of 
their  lands  to  be  honored  with  religious  rites.  It  cannot  therefore  be  sup- 
posed, that  a  people,  wfaK)  thus  consecrated  almost  everything  connec 
ted  with  husbandry,  should  neglect  that  in  which  it  chiefly  consisted,  viz. : 
Ibriqation  ;  for  tikis  was  thp  real  cause  of  the  amazing  fruitful ness  of 
their  soil,  and  of  their  individual  and  national  prosperity.  Thus  Isis  is 
ollen  found  represented  with  a  bucket,  as  an  emblem  of  irrigation,  and  of 
the  fecundity  of  the  Nile.* 

From  the  fi)regoing  remarks  the  great  antiquity  of  machines  for  raising 
water  may  be  inferred  ;  for  artificial  irrigation  certainly  gave  birth  to  the 
most  valuable  of  our  hydraulic  engines,  if  it  be  not  indeed  the  great  pa* 
rent  of  them  all. 

The  ancient  practice  of  constructing  large  tanks,  to  collect  water  for  ir- 
rigation, is  still  followed  m  various  parts  of  the  east,  and  their  dimensions 
render  our  reservoirs  comparatively  insignificant.  In  the  Carnatic,  some 
are  tight  miles  in  length  and  three  in  breadth.  In  Bengal,  they  frequently 
cover  a  hundred  acres,  and  are  lined  with  stone.  Knox,  in  his  Historical 
Relation  of  Ceylon,  (Lon.  1681,)  says,  the  natives  formed  them  of  two 
and  three  fathoms  deep,  some  oif  which  were  in  length  'above  a  mile.'  (p. 
9.)  To  these  reservoirs,  and  the  difficulty  of  making  them  sufficiently 
tight  to  hold  the  water,  there  is  an  allusion  in  Jeremiah  ii,  13.  Le  Ck)mte, 
mentions  them.  When  limited  quantities  of  water  were  required  at  a 
distance,  at  places  situated  higher  than  its  source,  it  was  oflen  carried  in 
vessels  suspended  from  a  yoke,  and  borne  across  the  shoulders.  This 
mode  is  still  practised.  In  the  plains  of  Damar  in  Arabia,  water  is  drawn 
from  deep  wells  and  thus  carried  to  the  fields.  Dr.  Shaw  observes  of 
the  country  of  the  Benni  Mezzah,  (in  ancient  Mauritania)  it  has  no  rivu- 
lets, "  but  is  supplied  altogether  with  well  water."  "  Persia,"  says 
Fryer,  "is  chiefly  beholden  to  wholesome  springs  of  living  water  to 
quench  the  thirst  of  pUtnts  as  well  as  living  creatures."  This  method  is 
pursued  by  the  Hindoos,  Japanese,  Chinese,  Javanese,  Tartars,  &;c.,  in 
watering  those  terraces  which  they  construct  and  cultivate  on  the  sides  of 
mountains. 

"The  Chinese,"  says  Le 
Comte,  "  have  everywhere  in 
Xensi  and  Xansi,  for  want  of 
rain,  certain  pits  from  twenty 
to  a  hundred  and  twenty  feet 
deep,  from  which  they  draw 
water  by  an  incredible  toil  to 
irrigate  their  land."  That  the 
mode  of  carrying  water  to  the 
fields  by  the  yoke,  was  prac- 
tised in  Egypt  in  ancient  times 
_    ^^   ^        ^  _  Ji         appears  from  the  figures,  No. 

No.  ■^.  Kgyptlant  waterlog  land  wUb  Pom  oua  Yoke.     ^7,  Copied  from  SCUlptures  at 

Beni  Hassan,  the  oldest  monu- 
ments extant  in  that  country.     One  of  these  wooden  yokes  was  found  at 

■See  Shaw's  Trav.  408,  412;  Univer.  Hist  Vol.  i,  C06;  and  our  remarks  on  tbd 
SiwiK  in  Chap  XIV. 
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Ttiebes,  with  leather  strapa  and  bronze  bueklee,  &nd  is  now  preserved  in 
England.  The  yoke  is  about  three  feet  seven  inches  long,  and  the  straps, 
which  are  double,  aUoutsixteea  inches.  Some  yokes  h;td  from  four  to 
eight  straps,  according  to  the  purpmea  fur  which  they  were  intended. 
Willi.  An.  Egypt,  vol.  ii,  138. 

As  watering  the  land  has  always  been  the  staple  employment  in  E^pt, 
there  can  be  little  doubt,  that  the  Israelites  ware  employed  in  this  service. 
We  are  informed  "their  lives  were  made  bitter  unto  them  by  hard 
bondage,  in  mortar  and  in  brick,  and  in  all  manner  of  terviee  in  thefeld." 
And  in  Deuteronomy,  xi,  10,  irrigating  the  land,  is  expressly  mentioned 
as  one  of  their  labors.  In  Leviticus,  they  are  reminded  that  it  was  Gtid 
who  brought  them  out  of  Egypt,  and  delivered  them  from  slavery,  who 
broke  the  bands  of  their  yoke  and  made  them  go  upright;  alluding  to 
the  stooping  posture  consequent  on  the  long  continued  use  of  the  yoke ; 
and  in  case  of  disobedience,  they  were  threatened  with  subsequent  thral- 
dom, to  "serve  their  enemies  in  hunger  and  nakedness,  and  with  a  yoke 
on  their  necks;"  a  literal  description  of  them  when  thus  employed  in 
watering  the  lands  of  their  oppressors.  A  passage  in  the  81st  Psalm,  ap- 
pears to  refer  expressly  to  their  deliverance  from  this,  and  another  labo- 
rious method  of  watering  the  soil,  "  I  removed  his  shoulder  from  the 
burden,  his  hands  were  delivered  from  the  pots,"  The  severity  of  this 
labor,  may  be  inferred  from  that  of  Chinese  peasants,  who  carrying  bur- 
dens like  the  Egyptians,  have  deep  impressions  worn  on  their  shoulders 
by  the  yoke.     Osbeok's  Voy.  i,  252. 

It  was  a  common  custom  of  old  to  eniploy  slavea  and  prisoners  of  war, 
in  watering  and  working  the  land.  Hemdotua,  i,  66,  observes  of  the 
Lacedemonians,  that  after  the  death  of  Lycnrgua,  they  invaded  the  Te- 
geans,  and  carried  with  them  a  quantity  of  fetters  to  bind  their  enemies ; 
but  they  were  themselves  defeated,  and  loaded  with  their  own  fetters, 
were  employed  in  the  fields  of  the  TcReans ;  and  Joshua,  in  accordance 
with  this  custom,  made  the  captive  Gibeonil^s  'hewers  of  wood  and 
drawers  of  water.'  Isaiah  alludes  to  the  same,  Ix,  5  ;  alranneri  akaU 
stand  and  feed  t/our  flotki,  and  the  sons  of  the  alien  shall  be  your  plovgh- 
nwn  and  your  vine  dresser  a. 

This  figure  represents  a  modern  la- 
borer of  Hindosian,  and  it  will  serve 
also  to  represent  those  uf  China  and 
other  Asiatics,  who  carry  water  to  their 
gardens  and  fields  in  precisely  the  same 
way.  It  will  be  pei^»ived  that  th« 
^rm  of  the  vessels  is  similar  to  that 
of  the  old  Egyptian  Pota  in  the  pre- 
ceding  figure,  and  that  both  of  them 
serve  to  corroborate  our  views  respect- 
ing the  origin  of  tie  forma  of  these, 
and  other  domestic  vessels  of  caparity. 
TTierB  is  another  mode  of  carrying 
Ho.  SB.  Hiod»WM.r  Carter.  ^^ter,  which  was  anciently  practised, 

out  of  -.vhieh  we  do  not  remember  to 
have  seen  any  particular  notice.  It  is  represented  in  Plates  50,  and  75. 
Pitt.  Sloria  Dell' Arte.  A  conical  vessel  bent  like  the  horn  of  an  ox,  is 
bonie  on  the  shoulder,  the  large  and  open  end  projecting  in  front,  so  that 
the  bearer  could  discharge  jny  part  of  its  contents,  by  inclining  it,  whicli, 
in  one  figure  is  effected  by  means  of  a  cord  going  round  it,  and  one  end 
held  in  the  !iand.    These  vessels  are  figured  as  lai^e  as  the  bodies  ol 
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tfaos^  who  cnrrf  then,  and  appfar  to  hare  been  formed  of  staves,  and 
huoped. 

As  an  evidence  of  the  antiquity  of  watering  land  with  pota,  we  may  r«. 
fer  to  one  of  the  con  si  el  I  all  uns,  to  "  Aquarius"  or  the  "  Waler  Pourer,"  a 
figure  which  was  adopted  as  an  expressive  emblem  of  tliat  season,  wiien 
ruins  desc«?nded,  and  tLe  lands  were  irrigated  by  nature  alone.  Although 
it  ra.iy  possibly  be  true,  as  some  authors  suppose,  that  some  of  tlie  present 
slgn^i  of  the  Zodlao  were  substitLited  fur  more  ancient  ones  at  some  period 
of  time,  poxttirior  to  the  Argouau tic  expedition — (see  Gc^uet's  Disserta- 
tion on  the  nances  and  figures  of  the  constellations — Ortgine  des  Loix, 
Tom.  ii.)  there  are  others,  and  among  them  the  "  Water  Pourer,"  which 
are  for  any  thing  known  to  the  contrary,  original  Jigurea,  adopted  by  the 
first  cultivators  of  astninomical  knowledge,  i  e.  by  the  antediluvian  sons 
of  Sbth,  who,  according  to  Josephus,  were  the  "  inventors  of  that  pecu- 
liar sort  of  wisdom  which  i^  concerned  with  the  heavenly  bodies  and  their 
order  ;"  (Ant.  B.  i,  chap.  2.)  and  which  signs  were  continued  by  their 
successors,  the  Chalde.ini,  in  the  tirst  ages  aller  the  flood,  and  have  re- 
mained unaltered  to  our  days.  The  extreme  antiquity  of  astronomy,  and 
its  eonnecliuH  wilh  agriculture,  are  undoubted,  of  which  we  shull  meet  with 
otiier  examples  besides  the  one  just  given.  This  connection  was  the 
source  of  the  great  mass  of  njmboUeal  imagery  which  pervades  the  his- 
tory, mythology,  and  almost  every  thing  connected  wilh  the  remote  an 
cients;  most  of  which  is  so  perjrlexing  to  decipher,  and  the  greater  part 
of  which  has  defeated  all  atiempla  of  the  moderns  satisfactorily  to  explain. 
Id  the  time  of  Job,  who  is  supposed  to  nave  lived  before  Moses,  the 
constellations  were  well  hnown.  "Canst  thou  bind  the  sweet  influences 
of  Pleiades,  or  loose  the  bands  of  Orion,"  xxxviii,  31.  "  Which  maketh 
Arcturua,  Orion  and  Pleuidcs,  and  tho  chambers  of  the  south,"  ix,  9.  In- 
deed, M.  Bailey  and  others  have  admitted  that  the  astronomy  of  Chaldea, 
India,  and  Egypt,  is  but  the  wreck  of  a  great  system  of  astronomical  sci- 
ence, which  was  carried  to  a  high  degree  of  perfection  in  the  early  ages 
of  the  world. 

When  water  is  only  required  to  be  raised  two  or  three  feet  frona  a 
tank  or  river,  a  vessel  suspended  by  four  cords,  and  worked  by  two  men, 
is  very  extensively  used  in  the  east.  In  Egypt  it  is  named  the  "Mental," 
the  figure  of  wluch  is  copied  from  Orande  JhicripCion. 


No.  9.    EgTpUu  MlDtkl. 

A  small  trench  it  dug  on  the  edge  of  the  river,  on  the  borders  of  which 
two  men  stand  opposite  each  other.  They  hold  in  each  hand  a  cord,  the 
tndsof  which  are  attached  toai(Uj(-i?rof  palm  leaves  covered  with  leather 
Aller  launching  it  into  the  water,  they  lean  backwards  so  as  to  be  half 


86  Various  Arts  of  [Book  I 

seated  on  small  mounds  of  earth  raised  fur  tire  purpose,  by  which  tho  weip^ht 
of  the  body  assists  in  raising  the  load,  as  it  is  swung  towards  tho 
gutter  or  basin  formed  on  the  bank  to  receive  it.  The  movements  of  the 
men  are  regulated  by  chanting,  a  custom  of  great  antiquity,  and  adopted 
in  all  kinds  of  manual  labor  where  more  than  one  person  were  engaged. 

Soniicrat  has  figured  and  described  (Vol.  ii,  132,)  a  similar  comrivance 
of  the  Hindoos.  "They  use  a  basket  for  watering,  which  is  made 
impenetrable  with  cow  dung  and  clay  ;  it  is  suspended  by  four  cords ;  two 
men  hold  a  cord  in  each  hand,  draw  up  the  water,  and  empty  it  in  balan- 
cing the  basket."  Mr.  Ward  says  this  machine  is  commcnly  used  in  the 
south  of  Bengal  to  water  the  land.  Hist  Hindoos,  92.  .  Travelers  in 
China  have  noticed  it  in  use  there  "  Where  the  elevation  of  the  bank 
over  which  water  is  to  be  lifted  is  trifling,  they  sometimes  adopt  the  fol- 
lowing simple  method.  A  light  water-tight  basket  or  bucket  is  held  sus- 
pended  on  ropes  between  two  men,  who,  by  alternately  tightening  and  re- 
laxing the  ropes  by  which  they  hold  it  between  them,  give  a  certain 
swinging  motion  to  the  bucket,  which  first  fills  it  with  w^ater,  and  then 
empties  it  by  a  jerk  on  the  higher  level ;  the  elastic  spring  which  is  in  the 
bend  of  the  ropes,  serving  to  diminish  the  labor."  Davis'  China,  Vol.  ii, 
358.  Chinese  Repos.  Vol.  iii,  125.  Sir  George  Staunton  also  described  it, 
with  an  engraving ;  by  which  it  appears  the  Chinese  do  not  use  a  bank  of 
earth  or  any  other  prop,  like  the  Egyptians,  to  support  them  in  their  l-v- 
bor.  Osbeck  has  noticed  a  peculiar  feature  in  working  these  baskets.  Tie 
says  Chinese  laborers  twist  the  cords  as  they  lower  the  vessel,  and  when 
it  i&  raised,  the  untwisting  of  them,  overturns  it  end  discharges  the  contents. 
This  mode  of  raising  water  in  China,  was  noticed  by  Gamelli,  in  1695, 
although  not  particularly  described  by  him  :  he  says  "  the  Chinese  draw 
up  water  in  a  basket,  two  men  working  at  the  rope." 

Of  all  employments  in  ancient  and  modern  Kg\'pt,  this  may  be  const 
dered  the  most  laborious  and  degrading.  The  wretched  peasants,  naked 
or  nearly  so,  may  be  seen  daily,  from  one  end  of  Egypt  to  the  other,  in 
the  exercise  of  this  severe  labpr.  "I  have  seen  them,"  sjiys  Volney, 
"  pass  whole  days  thus  drawing  water  from  the  Nile,  exposed  naked  to 
the  sun,  which  would  kill  us."  To  this  mode  of  raising  water  there  is 
probably  an  allusion  in  the  latter  clause  of  the  passage  already  quoted 
from  the  81st  Psalm :  "  His  hands  were  delivered  from  the  pots,"  or 
*'  baskets^  as  the  word  is  sometimes  translated,  and  is  so  in  this  instance 
in  the  margin  of  the  common  EInglish  version.  Indeed  it  was  peculiarly 
appropriate  that  a  psalm,  written  as  this  was,  to  celebrate  the  deliverance 
of  the  Israelites  from  Egyptian  bondage,  should  allude  to  some  of  the 
severest  tasks  imposed  upon  them  while  under  it.  Raising  the  water  to 
irrigate  the  land  was  emphatically  ^  the  labor  of  LuTpt,"  from  which 
they  were  freed. 

Some  additional  remarks  to  those  on  page  81,  respecting  other  arts  and 
customs  delineated  on  Egyptian  monuments,  may  interest  some  readers. 

Salting  Jish  seems  to  have  been  a  regular  profession  in  ancient  Egypt, 
and  by  processes  similar  to  those  now  in  use ;  although  it  was  not  till  the 
15th  century  that  the  art  was  known  m  modem  Europe,  when  William 
Bukkum,  a  Dutchman  who  died  in  1447,  "found  out  the  art  of  salting, 
smoking,  and  preserving  herrings."  It  is  also  not  a  little  singular  that  the 
Egyptians  had  a  religious  rite,  in  which,  as  in  modern  Lent^  every  person 
ate  fish.  They  used  the  spear,  h^pok  and  line ;  drag,  seine,  and  other  nets. 
Part  of  a  net,  with  leads  to  sink  it,  has  been  found  at  Thebef.  Wealthy 
individuals  had  private  fish  ponds,  in  which  they  angled.     They  hunteiJ 
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with  dogs ;  and  also  with  the  lion,  which  was  trained  for  that  i>urpose. 
The  noose  or  lasso,  and  various  traps,  were  common.  Cuttlt?  vrere 
branded  with  the  names  of  their  owners.  In  taking  birds,  they  had  decoys 
and  nets,  li*ke  modern  fowlers.  Beer  was  an  Egyptian  beverage,  and 
O'lions  a  favorite  esculent — these  were  as  supiirior  in  taste  to  ours,  as  in 
the  elegance  of  t^e  bunches  in  which  they  were  tied.  At  feasts  they  had 
iiiii'^ic  and  dancing,  castanets,  and  even  the  pirouetts  of  Italian  and  French 
ardste-f.  They  had  ^tjrare'*  at  meak ;  and  wore  wreaths  of  flowers  and 
nose*;avs.  Rssences  in  bottles  and  ointment^,  the  odor  of  some  of  which 
remains.  The  hidies  wore  necklaces  formed  »  f  bead?  of  gold,  glass, 
and  cf  precious  stones,  and  even  of  imitation  st'jnes.  fn  dress  thwy  had 
ixttton  and  linen  cloths  ;  some  of  the  latter  wore  so  fine  as  t<^  by  compared 
to  woven  air,  through  which  the  person  was  distinctly  seen ;  and  the  former 
of  patterns  similiir  to  those  of  modem  calicos.  Ezekiel  speaks  of  "  fine 
linen  with  broidered  work  from  Egypt;"  and  iu  Exodus  it  is  often  men- 
tioned. They  had  tissues  of  silver  and  gold,  and  cloth  formed  wholly  of 
the  latter.  In  furniture,  carpets  and  rugs  :  one  of  the  latter  was  found  a*i 
Hiebes,  having  figures  of  a  boy  and  a  goose  wrought  on  it.  Toilet  boxe^ 
inlaid  with  various  colored  woods,  and  ornamented  with  ivory  and  goldoji 
studs.  Sofas,  chairs,  stools  and  ottomans,  all  imitated  in  modern  articles 
Bedsteads  enclosed  in  mosqueto  nets ;  and  pillows,  the  latter  of  wood,  th<» 
material  of  which  they  were  formerly  made  in  Europe.  Inlaid  works  of 
gold,  silver,  and  bronze.  Vases  of  elegant  fonos  a.id  elaborate  workman- 
ship :  great  numbers  of  these  are  represented  amt/.ig  the  varieties  of  tribute 
carried  hy  foreigners  to  Thothmes  111,  in  whose  reign  the  Israelites  letl 
Egypt.  DiXir-hinges  and  bolts  of  bronze,  similar  to  the  modern ;  scale- 
beams,  enameling.  Gold-beating  and  gilding.  Gold  and  silver  wire ;  some 
specimens  are  flattened  with  the  hammer,  others  are  believed  to  have 
been  drawn.  V^essels  with  spouts  like  those  of  our  tea-kettles:  one  of 
the  best  proofs  of  skill  in  working  sheet  metal. 

Glass  blowers  are  represented  at  work,  and  vessels  identical  with  our 
demijohns  and  Florence  flasks  have  been  found,  and  both  protected  with 
reed  or  wicker  work — besides,  pocket  bottles  covered  with  leather,  and 
other  vessels  of  glass,  cut,  cast,  and  blown.  Goldsmiths  in  their  shops 
are  shown,  with  bellows,  blow-pipes,  crucibles  and  furnaces ;  golden  bas- 
kets of  open  work ;  solder,  hard  and  sofl,  the  latter  an  alloy  of  tin  and 
lead.  Stone-cutting ;  the  ^rm  of  the  mallet  the  same  as  ours.  Chisels 
of  bronze ;  one  found,  is  nine  and  a  quarter  inches  lon^;,  and  weighs  one 
pound  twelve  ounces — its  form  resembles  those  now  in  use.  Wheel- 
wrights and  carriage-makers  at  work ;  from  which  it  is  ascertained  that 
the  bent  or  improved  carriage  pole  of  modem  days,  was  in  use  upwards 
of  three  thousand  years  ago.  Carpenters  and  cabinet-makers'  shops,  are 
represented ;  from  which,  and  from  specimens  of  work  extant,  we  leara 
that  dovetailing  and  doweling,  glue,  and  veiieertn^  were  common.  Adzes, 
saws,  hatchets,  drills  and  bows,  were  all  of  bronze.  Models  of  boats. 
The  leather-cutter^s  I'liife  had  a  semicircular  bladt:,  and  was  identical  with 
the  modem  one.  Shoe  and  sandal  makers  had  straight  and  bent  awls ; 
the  latter  was  supposed  to  have  been  a  modem  invention — the  bristle  at 
the  end  of  a  thread  does  not  seem  to  have  been  used,  as  one  person  is 
seen  drawing  the  thread  through  a  hole  with  nis  teeth.  Lastly,  Egyptian 
ladies  wore  their  hair  plaited  and  curled ;  they  had  mirrors,  needles,  pins, 
aiid  jewelry  in  great  abundance ;  the\  hiwi  Uvns  and  combs ;  one  of  the 
latter  has  teeth  larger  on  one  side  than  on  the  other,  and  th^  centre  is  carved, 
and  was  probably  inlaid.  Their  children  had  dolls  and  ot>Rr  toys;  and 
the  gentlemen  used  walking  canes  and  woio  wigs,  ^hich  were  oommoo. 
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Host  of  the  nlu<:hine^'  liithcrCo  noticed,  raise  water  by  means  of  flexi- 
ble corJs  or  ohnins,  and  are  generally  applicable  to  wells  of  great  depth. 
We  now  enter  upon  the  examination  of  aaotlier  variety,  whit;h,  with  one 
exa-ption,  (the  chain  of  ].ota)  are  composed  of  inflexible  mateiials,  and 
niLSO  water  to  limited  heights  only.  Another  important  distinciion  be- 
tween them  is  thi;j — In  precedijig  machines,  the  'mechaniua]  powers'  are 
distinct  from  the  hydraulic  appariLtus,  i.  e.  the  wheelK,  pulleys,  windlasR, 
capstan,  &C  form  no  esstiitial  part  of  the  mauhine  propei'  for  raising  ihe 
water,  but  are  merely  employed  to  transmit  motion  to  them ;  whereii.^ 
those  we  are  now  about  to  describe,  are  made  in  the  /orra  of  levers, 
wheels,  &c  and  are  propelled  as  Eucb.  The  following  figure,  repreaunts 
<>iie  of  the  earliest,  spednicns. 


Kd.  W.    Hagls  Onlter. 

It  18  Simply  a  trough  or  gutter,  the  open  end  of  which  rests  on  the 
bunk,  over  which  the  waicr  is  to  be  elevated;  the  other  end  being 
closed  is  plun([ed  into  the  liquid,  and  then  raised  till  its  contents  are  dis- 
charged. It  forms  what  is  called  a  lever  of  the  second  order,  the  load 
being  between  the  fulcrum  and  the  power. 


Ko,  SI.    Double  QotMr. 

This  figure  represents  an  impr<)vement,  being  a  double  gutter,  or  two 
of  the  former  united  and  placed  nci-oss  a  troujjh  or  reservoir  designed  to 
receive  the  water,  A  partition  is  formed  in  tne  centre,  and  two  openings 
made  through  the  bottom  on  each  of  its  sides,  through  which  the  water 
that  is  raised  escapes.  The  machine  is  worked  by  <)ne  or  more  men, 
wh'?  alternately  plunge  the  er.ds  into  the  water,  and  consequently  pro 
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duce  a  continuous  discharge.  Sometimes,  openings  are  made  in  the  bot- 
t'>m  next  the  laborers,  and  covered  by  flaps,  to  admit  the  watei  without 
the  necessity  of  wholly  immersing  those  ends.  Machines  of  this  liind  are 
described  by  Belidor,  but  he  has  not  indicated  their  origin.  From  their 
simplicity,  they  probably  date  from  remote  antiquity.  They  are  obviously, 
modifications  of  the  Jantu  of  Hindostan  and  other  parts  of  Asia,  and 
were  perhaps  carried  to  Europe,  (if  not  known  there  before)  among  other 
orient'il  devices,  soon  after  a  communication  with  that  country  was  opened 
by  tht  C^pe  of  Good  Hope. 


THB   JANTU. 

The  jantu  is  a  laachine  extensively  used  in  Bengal  and  other  parts  of 
India,  to  raise  water  for  the  irrigation  of  land,  and  is  thus  described  by 
Mr.  Ward,  in  his  History  of  the  Hindoos.  "It  consists  of  a  hollow 
trough  of  wood,  about  fifteen  feet  long,  six  inches  wide,  and  ten  inchen 
deep,  and  is  placed  on  a  horizontal  beam  lying  on  bamboos  fixed  in  tne 
bank  of  a  pond  or  river.  One  end  of  the  trough  rests  upon  the  bank, 
where  a  gutter  is  prepared  to  carry  off  the  water,  and  the  other  end  is 
dipped  in  the  wat'^r,  by  a  man  standing  on  a  stage,  plunging  it  in  with  his 
foot.  A  long  bamboo  with  a  large  weight  of  earth  at  the  farther  end  of 
it,  is  fastened  to  the  end  of  the  jantu  near  the  river,  and  passing  over  the 
gallows  before  mentioned,  poises  up  the  jantu  full  of  water,  and  causes  it 
to  empty  itself  into  the  gutter.  This  machine  raises  water  three  feet^  but 
by  placing  a  series  of  them  one  above  another,  it  may  be  raised  to  any 
height^  the  water  being  discharged  into  small  reservoirs,  sufficiently  deep 
to  admit  the  jantu  above,  to  be  plun£;ed  low  enough  to  fill  it."  Mr.  Ward 
observes  that  water  is  thus  conveyed  over  rising  ground  to  the  distance  of 
a  mile  and  more.  In  some  parts  of  Bengal  they  have  different  methods 
of  raising  water,  ^^but  the  principle  is  the  same,'^ 

There  is  in  this  apparently  rude  machine,  a  more  perfect  application  of 
mechanical  science,  than  would  appear  to  a  general  observer.  As  the  ob 
ject  of  the  long  bamboo  lever  is  to  overcome  the  weight  of  the  water,  it 
might  be  asked,  why  not  load  the  end  of  the  jantu  itself,  which  is  next  the 
bank  sufficiently  for  that  purpose,  and  thereby  avoid  the  use  of  this  ad- 
ditional lever,  which  renders  the  apparatus  more  complex,  and  apparently 
unnecessarily  so  ?  A  little  reflection  will  develope  the  reasons  that  led  to 
its  introducdbn,  and  will  at  the  same  time  furnish  another  proof  of  oriental 
ingenuity.  As  the  position  of  the  jantu  is  nearly  horizontal  when  it  dis- 
charges the  water,  if  the  end  were  loaded  as  proposed,  it  would  descend 
<m  the  bank  with  an  increasing  velocity ;  for  the  weight  would  be  at  the 
end  of  a  lever  which  virtually  lengthened  as  it  approached  the  horizontal 
posidon ;  and  this  effect  would  be  still  further  augmented  by  the  resistance 
of  the  water  diminishing  as  the  jantu  rose,  that  is,  by  its  flowing  towards 
the  centre — the  consequence  would  be,  that  the  violent  concussions,  when 
thus  brought  in  contact  with  the  bank,  would  speedily  shake  it  to  pieces. 
Now  this  result  is  ingeniously  avoided  by  the  lever  and  its  weight.  Thus, 
when  the  laborer  has  plunged  the  end  of  the  jantu  next  him  into  the 
water,  this  lever  (as  we  suppose,  for  we  have  not  seen  a  figure  of  it)  is 
placed,  so  as  to  be  nearly  in  a  horizontal  position,  by  which  its  maximum 
force  is  exerted  at  the  precise  time  when  it  is  required,  i.  e.  when  the 
jantu  is  at  its  lowest  position  and  full  of  water;  and  as  the  latter  ascends, 
the  loaded  end  of  the  lever  descends,  and  its  force  diminishing,  brings  the 
end  of  the  jantu  gradually  to  rest.  A  somewhat  similar  effect  might  be 
produced,  by  making  the  load  on  the  lever  descend  into  the  water,  ea 
12 
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pecially  if  its  specific  gravity  varied  but  little  from  thai  fluid.  Trails 
like  this,  which  are  often  found  in  ancient  devices,  are  no  mean  proofs  of 
skill  in  the  older  mechaniciahs ;  and  as  professors  of  the  fine  arts,  disco vei 
the  works  of  masters  by  certain  characteristic  touches,  and  by  the  general 
effect  of  a  painting  or  sculpture — so  professors  of  the  useful  ar!s  may  poinr 
to  features  like  the  above,  as  proofs  that  they  bear  the  impress  of  the 
master  mechanics  of  old. 

At  what  period  in  the  early  history  of  our  species  this  cla<s  <  f  ma- 
chines was  first  devised,  can  only  be  conjectured ;  they  are  evider.ily  of 
very  high  antiquity ;  this  is  inferable  not  only  from  their  simplicity,  ex 
tensive  use  over  all  Asia — where  it  may  be  said,  machines  for  raising  wa- 
*ier  have  never  changed — but  also  from  the  mode  of  working  them,  &y  the 
feet.  Every  one  acquainted  with  the  Bible,  knows  that  numerous  opera- 
tions were  thus  performed.  The  juice  of  grapes  was  expressed  by  men 
treading  them ;  and  the  tombs  of  Egypt  contain  sculptures  representing 
this  and  other  operations.  Mortar  was  mixed  and  clay  prepared  for  the 
pocter  by  the  feet.  The  Chinese  work  their  mangles  by  the  feet;  and 
both  they  and  modem  Egyptians,  and  Hindoos,  move  a  variety  of  other 
machines  by  the  same  means :  among  these  are  several  for  raising  water, 
as  the  Picotah  of  Hindostan,  (described  in  the  next  chapter,)  the  chair 
pump  of  China,  and  we  may  here  remark,  that  all  the  machines  for  raising 
water  described  by  Vitruvius,  with  one  exception,  were  propelled  by  the 
feet,  or  as  expressed  in  the  English  translation,  by  the  "  treading  of  men." 
It  is  not  at  all  improbable,  that  to  the  JantDj.Moscs  alluded  when  descri- 
bing to  his  countrymen  the  land  to  which  he  was  leading  them :  "A  land 
of  hills  and  valleys,"  that  "drinketh  water  of  the  rain  of  heaven,"  wheio 
they  should  not  be  employed,  as  in  Egypt,  where  rain  was  generally  uu 
known,  in  the  perpetual  labor  of  raising  it  to  irrigate  the  soil  :  "For  the 
land  whither  thou  goest  in  to  possess  it,  is  not  as  the  land  of  Egvpt  from 
whence  ye  came  out,  where  thou  sowedst  thy  seed,  and  waterednt  it  tnth 
thyfoot,^^  Deut.  xi,  10.  Some  authors  suppose  this  passage  refers  to  the 
oriental  custom  of  opening  and  closing  the  small  channels  for  water,  that 
intersect  the  fields;  but  this  trifling  labor  would  scarcely  have  been  men- 
tioned by  Moses,  as  constituting  an  imporUmt  distinction  between  the  two 
countries.  It  was  in  fact  common  to  both.  It  is  much  more  probable 
that  he  referred  to  the  severe  and  incessant  toil  of  raising  water,  to  which 
they  had  been  subject  in  Egypt,  and  which  would  be  in  a  great  do^ee 
superseded  in  Canaan  by  the  "  rain  of  heaven."  He  could  not  possibly 
have  pointed  out  to  them,  a  more  encouraging  feature  of  the  country  to 
which  they  were  migrating. 

A  very  interesting  proof  that  the  Egyptians  in  the  time  of  Moses  did 
propel  machines  by  the  feet,  has  recently  been  ))rought  to  light  In  one 
of  the  tombs  at  Thebes,  which  bears  the  name  of  Thothmbs  III.,  there 
is  a  sculptured  representation  of  some  Egyptian  bellows  which  were  thus 
worked.  We  shall  have  occasion  to  refer  to  them  when  we  come  to  in- 
quire into  the  history  of  the  pump,  in  the  third  book.  This  mode  of 
transmitting  human  energy  appears  to  have  been  quite  a  favorite  one  in 
ancient  times;  for  the  purpose  of  illustration  we  will  describe  one  which 
is  identical  with  the  Jantu ;  and  is  moreover  one  of  t*  e  most  common  im 
plements  connected  with  ancient  and  modern  agriculture  in  the  east:  "The 
rttDAL,"  says  Mr.  Ward,  ''is  a  rough  piece  of  wood,  generally  the  trunk 
of  a  tree,  balanced  on  a  pivot,  with  a  head  something  like  a  mallet;  it  is 
used  to  separate  rice  from  the  husk,  to  pound  brick  dust  for  buildings,  &c. 
A  person  stands  at  the  further  end,  and  with  his  feet  presses  it  down, 
which  raises  up  the  head,  after  which  ho  lots  it  fall  on  the  rice  or  brick 
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'*One  of  these  pedals  is  set  up  at  almost  every  house  in  country  places.'* 
This  primitive  implement  is  also  in  general  use  in  the  agricultural  districts 
of  China.  **  The  next  thing,"  says  a  writer  in  the  Chinese  Repository, 
Vol.  iii,  233,  '*  is  to  divest  the  grain  of  the  husk  ;  this  is  done  by  pounding 
it  in  stone  mortars ;  two  of  these  are  placed  in  the  ground  together,  and 
have  corresponding  pestles  of  wood  or  stone  attached  to  long  levers.  A 
laborer  by  alternately  stepping  upon  each  lever  pounds  the  grain,  &c." 
Paper  mills  of  the  Chinese,  by  which  the  shreds  of  bamboo  and  the  fa- 
rina of  rice  are  reduced  to  a  pulp,  are  precisely  the  same,  and  worked  by 
men  treading  on  levers  as  in  the  jantu.*  And  we  may  add,  that  the  paste 
of  which  Macaroni  is  made,  is  kneaded  by  a  similar  implement,  and  which 
the  Romans  probably  received  from  the  east.     , 

Hence  it  appears  that  the  jantu  is  merely  one  of  a  class  of  machines 
of  similar  construction  and  moved  in  the  same  manner ;  and  as  the  pedal 
of  the  Hindoos  is  supposed  to  be  as  old  as  their  agriculture,  the  jantu 
may  certainly  be  considered  equally  ancient,  for  it  is  the  more  important 
machine  of  the  two.  They  both,  however,  appear  to  have  had  a  com- 
mon origin ;  and  to  have  come  down  together  through  the  long  vista  of 
past  ages,  without  the  slightest  alteration.  The  fact  of  the  jantu  being 
still  used  in:  India  proves  its  antiquity,  for  it  is  well  known  that  the  Hin- 
doos retain  the  same  customs  and  peculiarities  that  distinguished  their  an- 
cestors thousands  of  years  ago.  "  A  country,"  says  Dr.  Robertson,  '*  where 
the  customs,  manners,  and  even  dress  of  the  people,  are  almost  as  pern^- 
nent  and  invariable  as  the  fkce  of  nature  itself  This  attachment  to  an- 
cient customs  exists  with  singular  force  in  regard  to  every  thing  con- 
nected with  their  agriculture.  Like  the  Chinese  and  some  other  people  of 
the  east,  nothing  can  induce  them  to  deviate  from  the  practice  of  their 
forefathers,  either  as  it  regards  their  implements  or  modes  of  cultivation. 
And  when  we  bear  in  mind,  that  the  Hindoos  were  among  the  earliest  of 
civilized  people;  that  it  was  their  arts  and  their  science  which  enlightened 
the  people,  who,  in  the  early  ages,  dwelt  in  the  valley  of  the  Nile;  we 
can  readily  admit  that  the  jantu  was  used,  in  the  time  of  Mosen,  and 
that  to  it  he  alluded  in  the  passage  already  quoted  ;  but,  be  this  as  it  may, 
it  may  safely  be  considered  as  a  fair  specimen  of  primeval  ingenuity  in 
applying  human  effort,  as  well  as  in  raising  water;  and  in  both  respects  is 
entitled  to  the  lengthened  notice  we  have  given  it. 

These  machines  when  worked  by  the  feet  raise  water  only  about  three 
feet,  but  where  the  ^Jevation  is  greater,  they  have  been  moved  by  the 
bands,  by  means  of  ropes  and  a  double  lever,  as  in  the  next  figure ;  the  open 
ends  being  attached  by  pins  to  the  edge  of  the  reservoir.  In  this  manner 
water  may  be  raised  five  or  six  feet  at  a  single  lift,  according  to  the  length 
of  the  gutter. 

Contrivances  of  the  kind  were  formerly  used  in  Europe;  and,  as  in  the 
eastern  world,  series  of  them  were  sometimes  employed  to  raise  wa- 
ter to  great  elevations,  to  the  top  of  buildings,  dec.  They  are  figured 
and  described  in  Serviere's  collection.  A  number  of  cisterns  are  placed  at 
equal  distance  above  each  other  from  the  ground  to  the  roof.  In  these, 
gutters  are  arranged  as  in  the  figure ;  the  lowermost  raises  water  into  the 
first,  into  which  others  dip  and  convey  it  to  the  next  one,  and  so  to  the 
highest.  In  some,  the  gutters  are  worked  by  a  combination  of  levers;  in 
others,  by  ropes  passing  over  pulleys  at  the  highest  part  of  the  building  and 
united  to  a  crank  that  is  attached  to  a  water  wheel  or  other  first  mover. 


•  Breton's  China,  Yol.  ii,  89  and  Vol.  iv,  27.  * 


92  Pendulum  Machine,  [Itook  L 

Vdridiis  forms  of  the  guttera  are  figured,  {the  beads  of  some  like  larg« 
bowls,)  as  well  aa  modes  of  working  them.     See  figure  Ko.  Hi. 


KO.SL    ComblnaUoDoflATeaud  GnUen. 

There  is  another  modification  of  the  jfliitu,  by  which  water  may  be 
raised  to  great  elevations.  A  uuinberof  gutters,  open  at  b'Hh  ends,  are 
pSrrnanently  connected  to,  and  over  fAch  other,  in  a  zigzag  direction,  so 
that  while  one  end  of  the  lowest  dips  in  the  water,  its  other  end  inclines 
upwards  at  nn  angle  proportioned  to  the  length  of  the  gutter  and  the 
motion  to  b"  given  to  it,  and  is  united  to  the  lower  end  of  the  next  one, 
which  also  inclines  upward*,  but  in  an  opposite  direction,  and  is  united  lo 
the  next,  and  so  un,  tlie  length  of  each  diminiiihing  as  it  approaches  the 
top,  as  in  the  followiiig  lignre. 


ND.3S.    FmHiulaDOrewliiaiiigaalMn. 

In  the  bottom  of    each,  an  opening  is  made  and  covered  by  a  Hap  or 
valve  to  prevent  the  water,  when  once  past  through,  from  retu'UDg.    All 
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th«  gutten  are  Kcured  to  a  frame  of  wood  which  is  suspended  on  a  pin 
seemed  to  a  betuu,  so  that  by  pulling  the  cords  alternately  the  whole mh} 
be  made  to  oscillate  lihc  a  pendulum.  Thus,  when  pulled  to  one  side, 
one  of  the  lowest  gultci'4  dips  into  water,  and  scoops  up  a  portion  of  il 
to  fscilitttte  which  the  end  is  vjrved  ;  and  as  it  rises,  the  liquid  ruDS  along 
to  the  farther  end,  and  passing  through  the  valve  is  retained  till  the  mo- 
tiou  is  reversed,  whea  il  riows  .f  iwn  to  the  neit  gutter,  and  passing  through 
itii  v&lve,  is  agam  continued  in  itie  Bamc  inninier  to  the  next ;  entering  at 
every  oscillation  the  gutter  above,  till  it  reaches  the  highest ;  and  from 
which  it  is  dituhai^ed  into  a  reservoir,  ovu-  which  the  last  one  is  made  tn 
project.  A  double  set  of  gutters,  as  shown  in  the  figure,  was  sometimes 
attached  to  the  same  frame,  so  that  a  continuous  stream  could  be  discharg- 
ed into  the  reservoir.  Machines  like  the  above  are  moi-e  ingenious  than 
useful.  They  do  not  appear  to  have  ever  been  extensively  used,  although 
they  are  to  be  found  in  the  works  of  several  old  writers  on  hydraulics. 
The  one  represented  by  the  figure  is  described  by  Belidor  as  the  inven- 
tion of  M.  Morel,  who  raised  water  by  it  15  or  16  feet.  Similar  mkohines 
were  known  in  the  preceding  century.  A  pendulum  for  raising  water  is 
described  at  page  95,  of  the  lirst  volume  of  machines  approved  by  the 
French  Academy,  and  at  page  205,  is  a  "  hydraulic  machine"  by  A.  De 
Courdemoy,  similar  to  the  one  we  have  copied  ;  except  that  square  tubes 
were  used  instead  of  open  gutters ;  they  were  also  of  equal  length,  and 
attached  to  a  rectangular  frunte,  but  were  suspended  and  worked  in  the 
same  manner  as  No.  33. 

A  dilTerent  mode  of  working  these  machines  was  devised  by  an  Eng- 
lish engineer.  Instead  of  suspending  the  frame  like  a  pendulum,  he 
made  the  lower  part  terminate  in  rockera  like  those  of  a  cradle ;  these 
resting  on  a  smooth  horizontal  plane,  a  slight  impulse  put  the  whole  in 
motion.  The  lowest  gutters  at  each  oscillatioa  dipped  into  the  water,  and 
raised  a  porUon,  as  in  the  preceding  figure. 


0.84.    DulchScooj 


Among  othey  simple  devices,  is  the  Dutch  scoop,  frequently  used  by 
diat  people  in  raising  water  over  low  dykes.     It  is  a  kind  of  bo][«hovel 
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suspended  by  cords  from  a  triangular  frame,  and  worked  as  represented 
in  the  figure.  By  a  sweeping  movement,  an  expert  laborer  will  throw 
up  at  each  stroke,  a  quantity  of  water  equal  to  the  capacity  of  the  shovel, 
although  from  its  form,  such  a  quantity  could  not  be  retained  in  it. 

The  Flash  Wheel,  is  another  contrivance  to  raise  large  quantities  of  wa> 
ter  over  moderate  heights,  being  extensively  used  in  draining  wet  lands, 
particularly  the  fens  of  England.  It  is  made  just  like  the  wheel  of  a  steam- 
boat, and  when  put  in  rapid  motion,  generally  by  a  windmill,  it  pushes 
the  water  up  an  inclined  shute,  which  is  so  curved,  that  the  paddles  may 
sweep  close  to  it  and  consequently  drive  the  liquid  before  them.  The 
'  back  water^  thrown  up  by  the  paddle  wheels  of  steam  vessels  is  raised 
*ri  a  somewhat  similar  manner. 


CHAPTER    XIII. 

The  Swapc  :  Used  In  modern  and  anelent  Egypt— Bepresented  in  scalptures  at  Thebes— Alluded  to 
by  Herodotus  and  Marcellus— Described  by  Pliny— Picotah  of  India ;  agility  of  the  Hindoos  in  working 
IL  Chinese  Swape— Similar  to  the  machines  employed  in  erectii'g  the  pyramida— The  Swape,  seen  in 
paradise  by  Mahomet— Figure  of  one  near  the  city  ofMagncsia— Ajiglo  Saxon  Swap»— Formerly  used 
in  English  manufactories— FIgiiresn-omthe  Nuremburgh  Ghninicle, Monster's  Cosmography,  and  Bea- 
soa*s  Theatre  des  Instrumens.  The  swape  common  In  North  and  South  America— Examples  of  its  use 
in  watering  gardens— Figures  of  it,  the  oldest  representations  of  any  hydraulic  machine — Mechanical 
speculations  of  Ecclesiastics :  VVifkins*  projects  for  aerial  navfgntion— Mechanical  andlheological  pur^ 
suits  combined  in  the  middle  ages — Gerbert — Dunstan— Bishops  famous  aa  Castle  architects — 
Androides— Boodeof  grace— SbrineofBecket—Speakinglmages— Chemical  decepUoos—niuminated 
manuscripts. 

Of  machines  for  niising  water,  the  Swape  has  been  more  extensively 
used  in  all  ages,  and  by  all  nations,  than  any  other.  Like  most  im- 
plements for  the  same  purpose,  its  application  is  confined  within  certain 
limits  ;  but  these  are  such  as  to  render  it  of  general  utility.  The  m6ntal 
or  swinging  basket,  and  the  jantu,  raise  the  liquid  from  two  to  three 
feet  only  at  a  lift,  while  the  sw;tpe  elevates  it  from  five  to  fifteen,  and  in 
some  cases  still  higher.  It  is  not,  however,  well  adapted  for  greater  eleva- 
tions ;  a  circumstance  which  accounts  for  its  not  having  been  much  used 
in  the  wells  of  ancient  cities — their  depth  rendered  it  inapplicable,  as  the 
generality  of  ours  do  at  this  day.  In  Egypt,  this  machine  is  named  the 
Shadoof,  and  in  no  country  has  it  been  more  extensively  employed.  In 
modem  days,  more  persons  are  there  engaged  in  rasing  water  by  it  and 
the  mental,  than  are  to  be  found  in  any  other  class  of  Egyptian  labourers. 
They  raise  the  liquid  at  each  lift  about  seven  feet,  and  where  it  is  re- 
quired higher,  series  of  swapes  are  placed  at  proper  distances  above 
each  other,  in  a  similar  manner  as  the  Hindoos  arrange  the  jantu,  and 
as  shown  in  the  figure,  (No.  35.)  The  lowermost  labourer  empties  his 
vessel  into  a  cavity  or  basin  formed  in  the  rock,  or  in  soil  rendered  imper- 
vious to  water,  three  or  four  feet  above  him,  and  into  which  the  next  one 
plunges  his  bucket,  who  raises  it  into  another,  and  so  on  till  it  reaches  the 
required  elevation.  M.  Jomard,*  says  it  is  not  uncommon  to  see  from 
thirty  to  fifty  shadoofs  at  one  place,  raising  water  one  above  another.  At 
Esne,  he  saw  twenty-seven  Arabs  on  one  tier  of  stages,  working  fourteen 

■  Gnude  Description  E.  ^  Tom.  ii    Memdra,  Part  2,  p.  780. 
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Ancient  EgypHa  (  Sieape. 
n  each  frame,  the  bucket  of  o 


the  fither  rises.     They  were  relieved  every  hour,  ao  that  fifty-four  men  wer* 

reuuired  to  Iti'ep  the  machines  corstanUy  in  motion.     Ihe  ov — 

task-master  measured  the  time  by  the  sun,  and  tiometiines  by 
deploy dra  or  water-cludc. 


HilK    HodnECTPtluuDgliigUHBwIp*. 

It  is  ii.iposdible  to  pass  up  the  Nile  in  certain  states  of  the  river,  without 
being  surpri/HMl  at  the  rriyriads  of  these  levers,  and  at  their  unceasing  move 
ments  ;  (or  by  relays  of  men,  they  are  often  worked  without  intermission, 
both  night  and  day.  In  Upper  Egypt  especially,  where  from  the  elevation 
of  the  banks  th^y  are  more  ncceiisary,  and  of  course  more  numerous,  the 
spectacle  is  aninrjiting  in  a  high  degree,  and  cannot  but  recall  to  reflecting 
minds  similar  scenes  in  the  very  same  places  in  past  ages,  when  the  popu- 
lation was  greatly  more  dense  than  at  present,  and  the  country  furnished 
grain  for  surrounding  nations.  In  some  parts,  the  banks  appear  alive  with 
men  raising  water  by  swapes  and  the  effect  is  rendered  still  mure  impress- 
ive by  the  sonjis  and  measured  chantinga  of  the  laborers,  and  the  incessant 
groans  and  creakings  of  the  machines  themselves.     To  the  ancient  custoc it 


of  eingmg  white  raiting  aater,  there  is 
l^wraTorb  with  Joy  shall  ye  draw  y 


in  Eimnlu  In  ■>«  time  at  Homi  itliint;  wi 


evident  allusion  in  Isaiah,  X 
out  of  the  wells  of  Salvation. 
The  Arabs  have  a  tradition 
that  the  shadoof  was  used  in 
the  times  of  the  Pharaohs,  and 
a  proof  that  such  was  ihe  fact, 
has  recently  been  furnished  bv 
Mr.  Wilkinson,  (Vol.  ii,  5,)  who 
found  the  remains  oi  one  in  on 
ancient  tomb  at  Thebes ;  in  ad- 
dition to  which  they  are  repre- 
sented in  s^^ulptures  which  date 
from  1532 to  1550 B.  C.  aperi- 
od  extending  beyond  the  Exo- 
dus. No.  36.  represents  it  iis 
used  at  that  remote  period  foi 
the  irrigation  of  land. 

ir  br  tha  iwtp«.    FrviBKiilplDnaitTlMbw 
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II  appears  to  have  formed  bne  of  a  series,  designed  to  rai^^e  water  over 
the  elevation  feebly  portrayed  in  the  back  ground,  in  precisely  the  same 
way  that  is  now  common  in  Egypt  and  in  the  east,  and  as  shown  in  No.  35. 
The  remark  of  a  traveler  tlu't  a  Chinese  seemed  to  him  '*  an  antediluvian 
renewed,"  might  with  equal  propriety,  be  applied  to  a  modem  Arab 
raising  water  by  this  implement  from  the  Nile ;  and  the  figure,  No.  36, 
might  be  taken  as  a  probably  correct  representation  of  an  antediluvian 
laborer  engaged  in  the  same  employment.  On  comparing  the  last  two 
cuts,  the  former  having  been  sketched  by  Mr.  Wilkinson,  from  life,  but 
three  years  ago ;  and  the  latter  copied  from  sculptures  that  have  been 
executed  upwards  of  three  thousand  years,  we  see  at  once,  that  the  swape 
has  undergone  as  little  change  in  I^ypt  since  the  times  of  the  Pharaohs, 
as  the  costume^  if  such  it  may  be  called,  of  the  laborers  themselves ;  in  other 
words  both  remain  the  same.  The  discovery  of  this  implement  among 
the  sculptures  of  ancient  Egypt  tends  to  corroborate  our  views  respecting 
the  antiquity  of  other  machines  for  the  same  purpose,  and  which  like  it  are 
still  in  common  use  in  the  east.  It  also  admonishes  us  not  to  reject  as  im- 
probable or  fabulous,  current  oriental  traditions ;  since  they  are,  as  in  the 
case  of  this  machine,  often,  if  not  generally,  founded  in  truth. 

The  swape  seems  to  be  alluded  to  by  Herodotus,  vi,  119,  as  used  in 
Persia  in  his  tinie.  Tie  observes  that  Darius,  the  father  of  Xerxes,  sent 
same  captives  to  a  certain  distance  from  Susa,  and  forty  furlongs  from  a 
well,  the  contents  of  which  were  "  drawn  up  with  an  eagine,  to  whirh  a 
kind  of  bucket  is  suspended,  made  of  half  a  skin ;  it  is  then  poured  into 
one  cistern  and  aflerwards  removed  into  a  second."  This  appears  to 
have  been  the  shadoof  of  the  f^yptians,  as  figured  in  No.  35,  to  which 
there  is  probably  a  reference  also  in  Clio,  193,  where  he  says  the  Assyri- 
ans irrigated  their  lands  from  the  Euphrates  '*  by  manual  labor  and  by 
hydraulic  enginea.'*^  Aristotle  mentions  the  swape  as  in  comn.on  use  am*  ng 
the  Greeks.*  Dr.  Clarke  says  some  of  the  wells  of  Greece  were  not 
deep,  and  pulleys  were  not  used,  only  buckets  with  ropes  of  twisted  herbs, 
and  sometimes  the  water  was  raised  by  a  *  huge  lever,  great  stones  being 
a  counterpoise  to  the  other  end.'  A  circumstance  conn^.cted  with  the 
overthrow  of  the  Syracusians,  and  the  death  of  Archimedes,  in  which  the 
'swape  is  referred  to,  may  here  be  noticed.  When  the  Roman  vessels,  at 
the  siege  of  Syracuse  were  grappled  by  hooks  and  elevated  in  the  air, 
by  levers  that  projected  over  the  walls  of  the  city,  their  resemblance 
to  vessels  of  water  raised  by  the  swape,  was  so  striking,  that  Marcellus 
was  wont  to  say,  "  Archimedes  used  his  ships  to  draw  water  wiOiy^  This 
remark  of  the  Roman  general  clearly  shows  that  the  swape  was  vtry  fa> 
miliar  to  hir.  and  to  his  countrymen.  But  we  are  not  left  to  circumstan- 
ces like  this  to  inftir  its  use  among  the  Romans.  Pliny  exp/essly  men- 
tions it  among  the  machines  for  raising  water.  As  the  pas^^age  is  highly 
interesting,  and  as  we  shall  have  occasion  to  refer  to  it  hereafler,  it  may 
as  well  be  inserted  here,  it  is  in  the  fourth  Chapter  of  the  Nineteenth 
Book,  "  On  Gardens :"  "  above  all  things  there  should  be  water  at  com- 
mand, (if  possible  a  river  or  brook  runiiini;  through  it,  but  if  neither  cau 
be  obtained,)  then  they  are  to  be  watered  'with  pit  water,  fed  with  springs; 
either  drawn  up  by  plain  poles,  hooks,  and  buckets ;  or  forced  by  pumps 
and  such  like,  going  with  the  strength  of  wind  enclosed,  or  else  weighed 
up  with  swipes  and  cranes^     Holland's  Trans. 

The  Swape  ia  extensively  used  over  all  Hindostan.     "The  peasants, 

morning  and  evening  draw  water  out  of  wells  by  buffaloes  or  oxen,  or 

t 

•  Biflbop  Wilkios  on  tbe  lever.    *>  Plutarch's  life  of  MarcelluB»  Wrangham's  ootea 
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*il8e  b^  athwart  post,  poised  with  a  sufficient  weight  at  the  extremity  laid 
over  one  fixed  in  the  earth ;  the  water  is  drawn  by  a  bucket  of  goat's 
skin."*  In  some  districts,  the  Hindoos  have  a  mode  of  workinj^  the 
Swape,  which,  so  far  as  we  know,  is  peculiar  to  themselves.  In  ratna 
It  is  common,  and  the  machine  when  thus  propelled,  is  named  the  Picotah, 

"  Near  the  well  or  tank,  a  piece 
of  wood  is  fixed,  forked  at  the 
top ;  in  this  fork  another  piece  of 
wood  is  fixed  to  form  a  swape, 
which  is  formed  by  a  peg,  and 
steps  cut  out  at  the  bottom,  that 
the  person  who  works  the  ma- 
chine may  easily  get  up  nnd  down. 
Commonly,  the  lower  pait  of  the 
swape  is  the  trunk  of  a  tree;  to 
the  upper  end  is  fixed  a  pole,  at 
the  end  of  which  hangs  a  leather 
bucket.  A  man  gets  up  the  steps 
to  the  top  of  the  swape,  and  sup- 
ports himself  by  a  bamboo  scree  j; 
erected  by  the  sides  of  the  ma- 
chine." He  plunges  the  buciket 
into  the  water,  and  draws  it  up  by 
^?—  his  weight;  while  another  nei*soD 
^K  stands  ready  to  empty  it.  In  the 
volume  of  plates  to  the  Paris  edi- 
tion, 1806,  of  Sonnerat's  Voyages, 
the  machine  is  represented  rathe- 
different  from  tlie  above.  Tlie  la 
borer  alternately  steps  on  and  off 
the  swape,  from  a  ladder  or  stage  of  bamboos  erected  on  one  side  of  it 
See  plate  23,  Sonnerat. 

The  apparatus  and  mode  of  working  it,  is  more  fully  described  in  the 
following  extract  from  *  Shoberl's  Hindostan  in  Miniature.'  *'  By  the  side 
of  the  well  a  forked  piece  of  wood,  or  even  a  stone,  eight  or  ten  feet 
high  is  fixed  upright.  In  the  fork,  is  fastened  by  means  of  a  peg,  a  beam 
three  times  as  long,  which  gradually  tapers,  and  is  furnished  with  steps 
like  those  of  a  ladder.  To  the  extremity  of  this  long  beam,  which  is  ca- 
pable of  moving  up  and  down,  is  attached  a  pole,  to  the  end  of  which  is 
suspended  a  large  leather  bucket.  The  other  end  being  the  heaviest, 
when  the  machine  is  left  t<  itself,  the  buckc^t  hangs  in  the  air  at  the  height 
♦>f  tw^enty  feet;  but  to  mako  it  descend,  one  man,  and  sometimes  two, 
mount  to  the  middle  of  the  beam,  and  as  they  approach  the  bucket,  it 
sinks  to  the  bottom  of  the  well,  and  fills  itself  with  water.  The  men  then 
move  back  to  the  opposite  end,  the  bucket  is  raised,  and  another  man 
empties  it  into  a  basin.  This  operation  is  perfonned  with  such  celerity 
tliat  the  water  Jiever  ceases  runnifigj  and  you  can  scarcely  see  tlie  man 
moving  along  his  beam ;  yet  he  is  sometimes  at  the  height  of  twenty 
feet,  at  others,  touching  the  ground;  and  such  is  his  confidence,  that  he 
laughs,  sings,  smokes,  and  eats  in  this  apparently  ticklish  situation."  V«)l. 
iv,  p.  22,  24.  This  mode  of  applying  human  effort,  was  early  adopted  in 
the  working  of  pumps — a  piston  rod  being  attached  to  each  end  of  the 
V'brating  beam.     Dr.  Lardner,  has  inserted  a  figure  of  it  in  his  popular 


No.  37.    Picotah  of  Hindostan. 


•  Fryer's  Travels  Jn  India,  187. 
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areati6e  on  Pneumatics.  It  is  Hgured  in  most  of  the  old  authors,  and  was 
most  likely,  copied  from  the  Ficotah,  and  other  oriental  machines,  which 
have  been  propelled  in  a  similar  manner  from  very  remote  times.  See 
Gregory's  Mechan.  Vol.  ii,  312.     Ed.  1815. 

'j'he  Swape  is  one  of  the  ancient  and  modern  implenr  ents  of  China, 
where  it  is  used,  as  in  Egypt  and  India,  for  the  irrigation  of  land.  It  is 
fiipqiiently  made  to  turn  in  a  socket,  (or  the  post  itself  moves  round,)  in 
addition  to  the  ordinary  vibratory  motion.  In  several  situations,  this  is  a 
decided  improvement,  as  the  vessel  of  water  when  raised  above  the  edge 
of  a  tank  or  river,  can,  if  desirable,  be  swung  round  to  any  part  of  the 
circle  which  it  describes.  Sir  George  Staunton,  has  given  a  figure  of  it, 
which  Mr.  Davis  has  copied  mto  his  popular  v/ork  on  the  Chinese.  When 
thus  constructed,  it  is  according  to  Goguet,  (Tom.  iii,  Origine  des  Loix,) 
identical  with  the  engines  mentioned  by  Herodotus,  B.  ii,  12o,  as  em- 
ployed in  the  erection  of  the  Egyptian  pyramids;  these,  he  supposes  M'ere 
portable  swapes,  or  levers  of  the  first  order,  with  a  rotary  movement  like 
those  of  the  Chinese.  A  number  of  these  being  placed  on  the  lowest 
tier  of  stones  which  formed  the  basis  of  the  pyramids,  were  used  to  raise 
those  which  form  the  second  tier ;  after  which,  other  swapes  were  placed 
on  the  latter  and  materials  raised  by  them  for  the  third  range,  and  in  like 
manner  to  the  top.  This  was  the  process  which  Herodotus  says  was 
adopted.  M.  Goguet,  supposes  that  two  swapes  were  employed  in 
raising  every  stone,  one  at  each  end,  and  that  the  levers  were  depressed 
by  a  number  of  men  laying  hold  of  short  ropes  attached  to  them  for  that 
purpose.  This  mode  appears  to  accord  with  the  meagre  descnption  of  the 
machines  used  in  the  erection  of  the  pyVamids,  which  the  father  of  history 
has  given. 

It  has  already  been  observed,  that  the  engines  employed  by  Archimedes 
to  destroy  the  Roman  ships  in  the  harbor  of  Syracuse,  were  so  aiialairous  to 
the  swape,  as  to  elicit  from  Marcellus,  an  observation  to  that  effect.  In  fact, 
machines  similar  to  it,  were  used  by  ancient  engineers  both  for  attacking  and 
defending  cities.  Vegetius,  says  they  were  used  to  raise  sold",  irs  to  the  tops 
of  wells,  &c.  In  the  oldest  translation  of  his  work,  (Ei-ffurt,  1511,)  theie 
is  a  figijre  of  it,  which  is  identical  with  the  Chinese  swap*^,  and  with  that 
which  Goguet  supposes  was  used  by  the  old  engineers  of  Egypt.  Bar- 
baro,  in  his  edition  of  Vitruvius,  also  figures  it.  In  RoUin's  *  Arts  and 
Sciences  of  the  Ancients,*  are  several  examples  and  figures  of  it,  applied 
to  the  purposes  of  war ;  and  among  others  to  the  destruction  of  the  Ro- 
man vessels  before  Syracuse. 

A  story  in  the  *  Hegiat  al  Megiales'  shews  how  common  it  was  in  Arabia 
in  the  seventh  and  preceding  centuries.  Mahomet  in  one  of  his  visions 
of  paradise,  "saw  a  machine  much  used  in  the  Levant  for  drawing 
water  out  of  wells,  called  by  the  Latins  Tollens^  and  consisting  of  a  long 
lever  fixed  on  a  post,  [i.e. the  swape.]  Enquiring  to  whom  it  belonged,  he 
was  told  it  was  Abougehel's,  (the  bitterest  enemy  to  him  and  his  religion.) 
Surprised  at  this,  he  exclaimed,  '  what  has  Abougehel  to  do  with  paradise, 
he  is  never  to  enter  there  !*  Shortly  after,  he  understood  the  drift  of  the 
vision,  for  the  son  of  his  enemy  became  a  Mussulman,  upon  which  he  ex- 
claimed '  Abougehel  was  the  swape,  by  which  God  drew  up  his  son  from 
the  bottom  of  the  pit  of  infidelity.*  "  It  is  used  by  the  Japanese  ;  and  as  fi- 
gured by  Montanus,  the  bucket  is  raised  by  pulling  down  the  oppoMte  end 
of  the  lever  by  means  of  cords  attached  to  it. 

In  Fisher's  "  Constantinople,  and  tlie  Scenery  of  the  Seven  Churches  of 
Asia."  Lon.  1830,  is  a  beautiful  view  of  the  city  cf  Magnesia  near  MounI 
Sipylus,  in  Asia  Minor,  a  city  founded  by  Tantalus^  whose  fdbled  punish- 
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mciit  has  rendtred  liis  name  nntorious.     In  the  foreground  is 
the  fnlluwing  figure  of  the  swape,  a  machine  which  the  wr 

"  forms  a  conspici 


;n  cfcf^  landscape  in  tlie  easL 


One 


rc-J    in 


;  but 
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I  this  work. 


garden,  and  as   i 

arid  soil,  it  is  always  in  mo- 
tion, and  its  dull  an'd  drowsv 
creaking  is  the  sound   inccS' 
santlj'  heard  hy  all  travelers." 
In  this   figure  we   behok" 
not  merely  a  sketch  of  n 
dem    Asiatic    manne 
-   one,  which  as   regar 
■  ing   of  water  J    the  machim; 
;   hy    which    it    is    effected ; 
'  animals  around  it;  costume 
;'-or  dii>  individuals;  and  por- 
r^'  imituri!   of   rum!  i:fe,— has 
'  remained    unchanj;ed    from 
times  that  reach  back  to  the 
■;;  infancy  of  our  race,  and   of 
which  history  has  preserved 
no  records. 

[For  this  interest!T.g  cut, 
and  for  No.  35  also,  1  -im  in- 
debted to  my  friend  Will(.\m 
EvERDELL,  Esq.  who.  be- 
idertook  the  task,  to  him  a  novel 


use  in  Great  Britain,  from 
if  not  before.  It  is  ihera 
Si'vep,'  and  in  old  authora. 


ndot  other  contributions 
one.  of  engraving  them.] 

The  swape  has  probably  been  in   continual 
the   period  of  its  subjugation   by  the  Romans, 
known  under  the  various  names  of  '  Sieape,'  ' 
'  Siripe.'     A  figure  of  it,  as  used  by  the 
Anglo-Saxons,   is    here   inserted,    from 
Vol.    i,   of    the    'Pictorial   History   of    ' 
England,'  copied  from  an  ancient  ma- 
nuscript in  the  British  Museum.     The 
costume  of  the   female,  her   masculine 
figure,  the   shingled   well,  and   form   of 
the  vase   or   pitcher,  are  interesting,  as 
indicative  of  manners  and  customs,  &c. 
of  former  ages.      The  arm  of  thele\ 
which  the  bucket  is  suspended,  appears 
extremely  short,  but  this   is  to   be   attri 
buted    to    it*    defective    representation 
The  following  summary  of  ancient  Brit 
ish  devices  is  from  Fosbroke's  Encvclo 
ped,a   of  Anli<iuitie9.        "  The   Anglo 
Saxons  had  a  wheel  for  drawing  water 

fi-om  wells.  Tliey  were  common  annexations  to  houses.  Rings 
fixed  to  the  chains  of  wells.  We  find  a  beam  on  a  pivot,  w 
weight  at  one  end  for  raising  water.  Wheels  and  coverings.  A  I 
the   fulcrum  of  wi>>ch    was    a   kind  of   fallows   over   the    well. 
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buckets  one  at  each  end  of  a  chain  adapted  to  a  versatile  engine  called 
volgolus.  Buckets  with  iron  hoops,  and  drawing  water  from  deep  wella 
as  a  punishment."  The  swape  appears  to  have  been  the  principal  ma- 
chine in  England  for  raising  water  till  quite  recent  times.  In  the  17t^ 
century  it  was  used  in  7namifactanes,  ana  is  not  yet,  perhaps,  wholly  su 
perseded  by  the  pump.  Bishop  Wilkins,  in  speaking  of  the  lever  and  its 
application  by  Archimedes  in  destroying  the  Roman  fleet,  says,  "  it  was  o'^ 
the  same  form  with  that  which  is  commonly  used  by  brewers  and  dyers  fur 
the  drawing  of  water.  It  consists  of  two  posts,  the  one  fastened  perpen- 
dicularly in  the  ground,  the  other  being  jointed  on  cross  to  the  top  of  it." 
Mathemat.  Magic.  B.  i,  Chaps.  4  and  12.  This  was  published  in  1638.  In 
1736,  Mr.  Ainsworth  published  his  celebrated  Latin  Dictionary,  and  un- 
der the  word  RachdmuSy  *  a  truckle  or  pulley  used  in  drawir.g  up  water  ;* 
\ie  adds,  "  perhaps  not  unlike  the  sweep  our  brewers  use ;"  hence  at  that 
time,  iL  continued  to  be  used  for  raising  water  and  transferrinpf  liquids  in 
English  breweries  and  similar  establishments,  as  remarked  by  Wilkins  one 
hundred  years  before. 

In  Germany  it  was  frequently, 
and  still  is,  a  prominent  object  in 
country  towns  and  villages,  as  well 
as  in  farm  yards.  Tn  the  former  it 
was  frequently  erected  on,  or  at  the 
end  of  bridges  for  the  ]>urj)ose  of 
raising  water  from  rivers  and  brooks. 
In  the  famous  Nuremburgh  Chronicle 
it  is  frequently  figured.  From  a  va- 
riety of  different  forms,  we  have 
selected  No.  40,  as  a  specimen. 

In  the  Cosmography  of  Sebastian 
Munster,  1550,  it  is  represented  at 
page  729,  as  employed  for  raising 
water  to  supply,  by  means  of  pipes,  a  neighboring  town.  Agricola,  in 
his  De  Re  Metallica,  has  also  figured  it    pp.  443  and  458, 


So.  40.    Swape.    From  the  Nuremburgh 
Chro!i;cie.    A.  D.    1493. 


No.  41.    Swape  (him  S.  Munater'a  Consofraphj.    1550. 

The  Swape  was  very  common  in  France  and  the  neighboring  nation* 
on  the  European  continent,  in  the  last  and  preceding  centuries.  It  is 
named  bascule  in  France.     The  old  Dictionnaire  de  Trevoux,  says  : 

Les  bascules  les  plus  simple,  sont  celles  qui  ne  consistent  qu'en  una 
piece  de  bois  soutenue  d'une  autre  par  le  milieu  ou  autrement,  comma 
d'un  essieu,  pour  ^t^e  plus  au   moins  en  equilibre.     Lorsqu'on  pese  8J^ 
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iin  des  bouts  I'autre  hausse.  Ces  aortes  de  bascules  sunt  lea  plus  com 
muiics;  on  s'cn  sen  pour  Clever  dcs  eaux.  The  la^t  seiit(!iice  is  lielieveJ 
[o  he  applicable  to  every  part  of  Europe  at  the  present  time,  peri.apii 
euua.I^  so  as  at  any  furmer  period. 

We  suhjoin  a  description  of  ono 
proposed  by  Jamus  iiesson,  a  French 
mechanician,  270  yeiirs  a^o,  by 
which  two  buckets,  one  at  eacli  I'lid, 
may  be  uied.  As  the  vibnidon  of 
the  beam  is  ingeniously  eH'ecti-J   by 

figure  of  it  wii!  be  acceptable  to  tbe 
intelligent  mecnanic. 

The  lever  is  suspended  at  the 
centre  of  its  length,  on  a  pin  wliicl- 
passes  thruus;h  the  lower  part  of  the 
perpendicular  post,  the  upper  em! 
of  which  is  firmly  secured  to  th« 
frame  and  cross  piece.  A  perpen- 
dicular shaft  is  ]>laced  immediately 
under  the  lower  end  of  the  jiost  and 

upper  journal  of  the  shaft  enters  and 
No,  41  Birap<!  f»ui  Dciuo.  IMS.  tums  in  llio  end  of  the  post,  while 

its  lower  one  is  received  into  a  cavity 
■II  the  block  upon  which  it  rests.  This  shaft  forms  the  axis  of  on  inverted 
tone  of  frame-work — a  section  of  which,  resembling  an  hyperbolic  curve, 
acts  as  it  revolves  on  the  under  side  of  the  swape,  and  imparts  to  it  the 
rer]uired  movement.  To  lessen  the  friction,  two  long  rollers  are  fixed  to 
lis  under  side,  and  upon  these  only  does  the  cuii-ed  edge  of  the  cone  act. 
The  shaft  may  of  course  be  turned  by  any  motive  jiowor.  In  the  figure, 
&  horiiontal  water  wheel  is  attached  to  the  shaft,  with  obliijue  paddlt^a 
which  receive  the  impulse  of  the  stream  in  which  tliey  are  placed.  This 
device  may  serve  as  an  example  of  mechanical  tact  and  resource  in  the 
early  pan  of  the  16th  century,  when  practical  mechanics  began  to  be  cul 

The  swape  is  commonly  used  by  the  farmers  on  this  continent,  in  tbc 
vicinity  of  wh(30  dwcliiiitr.s  it  may  be  seen,  more  or  Ipss,  from  the  St. 
Lawrence  to  the  .Mississip|>i  In  some  of  the  states,  it  still  bears  the  old 
English  name  .if  (he 'swee|^' as  in  Virginia — in  others  it  is  named  the 
'balance  pole.'  ll  prevaili  in  Mexico,  Central  America,  Peru,  Chili,  and 
|i.-nerally  throughou'  th*-  sotithcrn  continent.  There  is  some  uncertainty 
respecting  its  having  been  known  here  before  the  arrival  of  Europeans  in 
the  IGth  century.  See  remarks  on  Ancient  American  Machines  in  the 
last  chapter  of  this  book. 

The  swape  appears  to  h.ive  been  used  in  all  times,  for  watering^ar(im# 
in  the  east,  as  already  observed  of  Asia  Minor,  it  is  there  seen  erected  in 
almost  every  one.  No.  43  represents  it  employed  in  the  gardens  of 
Egypt  during  the  sojourn  of  the  Israelites  in  that  country.  Tlic  tree  and 
plant  are  uniform  hieroglyphical  representations  of  gardens. 

The  labourer  discharges  the  contents  of  his  bucket  into  a  ■wood- 
en trough  or  gutter,  by  which  the  water  is  conveyed  to  the  plants; 
■  modo  still  followed  through  all  the  east.  To  this  application  of  the 
swape  there  is  i>robably  a  reference  in  the  prediction  of  Balaam,  deliver 
ed  one  hundred  years  ti/ti^  these  figures  were  sculptured,  '  he  shall  poui 
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water  out  of  his  buckets,  and  his  seed  shall  be  in  many  waters,  (Numb, 
•[xiv,  7,}  an  intimation  that  the  Israelite?  should  possess  a  country,  where 
this  great  desideratum  should  be  in  comparative  abundance,  a  land  "  wa- 
tered as  a  garden  of  herbs.'*  The  figure  may  serve  also  to  illusti-ate  the 
*  gutters  and  watering  troughs'  in  which  Jacob  watered  the  flocks  of  La- 
ban,  his  father  in  law.     Gen.  xxx,  38. 


No.  43.    Egyptian  Shadoof  employed  in  watering  a  garden.    1550,  B.  C. 

The  luxuriance  of  vegetation  in  an  eastern  garden,  (when  properly  water- 
ed,) therichnessof  its  scenery,  the  beauty  of  its  foliage  and  fiowers,  form 
one  of  the  most  enchanting  prospects  in  nature  ;  hence  it  became  the  most 
favorite,  as  it  was  the  most  natural,  metaphor  oi'  human  felicity.  When 
the  prophets  promised  prosperity,  it  was  in  such  language  as  the  following : 
^  Thou  shalt  be  like  a  watered  garden,  and  like  a  spring  of  water  whose 
waters  fail  not,"  and  "  tlieir  soul  shall  be  as  a  watered  garden."  On  the 
contrary,  when  the  wicked  were  denounced,  "  ye  shall  be  as  an  oak 
whose  leaf  fadeth,  and  as  a  garden  that  hath  no  water."  The  same  mc^- 
taphor  is  a  frecpient  one  in  ancient  poets,  and  in  most  instances  the  use  of 
t':e  swape  is  implied.     Thus  Homer : 

As  when  autumnal  RoreiLs  sweepix  the  sky. 
And  instant  blows  the  touttred  gardens  dry. 


A.nd  Ovid  : 


As  in  a  watered  garden's  blooming  wulV      Mnt,  x,  277. 


Pliny  mentions  it  expressly  for  the  same  purpo.se,  and  to  it  Juvenal 
seems  to  allude  in  his  third  satire: 

There  from  tlie  shtdlow  well  your  hand  shall  pour 
The  stream  it  loves  on  every  opening  ilower. 

This  use  of  the  swape  is  not  now  confined  to  the  gardens  of  fallen  Asia, 
Egy«pt  and  Greece,  but  it  is  employed  by  the  most  enlightened  nations  ; 
and  in  London  and  in  Paris,  as  in  Athens  and  Alexandria,  Memphis  and 
Thebes,  this  primitive  implement  has  not  been  superseded.  In  Breton's 
China,  Lon.  1834,  the  Chinese  swape  is  described  ;  and  the  author  ob- 
serves, "  it  is  similar  to  those  which  are  seen  in  the  market  gardens  round 
Ijondon :"  and  in  a  more  recent  work,  *  Scripture  illustrated  from  Egypt- 
ian Antiquities,'  the  author  speaking  of  the  Egyptian  swape,  says,  it  is  the 
same  as  used  in  tlie  gardens  of  Brentford. 

Of  the  swape,  it  may  be  remarked,  that  the  most  ancient  portraituie 
extant,  of  any  hydraulic  machine^  is  a  sculptured  representation  of  it,  be- 
tween three  and  four  thousand  -years  old,  and  even  at   that  remote  oeriod 
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It  was  in  all  probability  a  very  old  affair,  and  in  common  use.  Thuse 
sculptures  moreover  prove,  that  it  lias  remained  in  Egypt  unaltered  in  its 
form,  dimensions,  mode  and  material  of  its  construction  and  methods  of  us- 
ing it,  during  at  least  thirty-four  centuries  !  and  this,  notwithstanding  the 
political  convulsions  to  which  that  country  has  ever  been  subject,  since  its 
conquest  by  Cambyses  ;  its  inhabitants  having  b(»en  successively  undr^r 
the  Persian,  Grecian,  Roman,  Saracenic,  and  Turkish  yoke,  thus  litem !ly 
fulfiHing  a  prophecy  of  Ezekiel,  that,  "  there  shall  be  no  longer  a  prince 
of  the  land  of  Egypt," — a  descendant  of  its  ancient  kings  ;  yet  through 
all  these  mighty  revolutions  that  have  swept  over  it  like  tlie  fatal  Simoon, 
and  destroyed  every  vital  principle  of  its  ancient  grandeur,  this  simple 
machine  has  past  through  them  all  unchanged,  and  is  still  applied  })y  the 
inhabitants  to  the  same  purposes,  and  in  precisely  the  same  way,  for  wliich 
it  was  used  by  their  more  enlightened  progenitors. 

We  have  seen  it  used  by  the  Greeks  and  Romans,  and  we  find  it  still 
In  the  possession  of  their  descendants,  wherever  they  dwell,  as  well  as 
among  those  of  more  ancient  people,  the  Hindoos,  Arabs,  and  Chinese. 
And  although  we  may  be  unable  to  keep  it  constantly  in  view  in  Europe, 
I.:  those  ages  which  immediately  followed  the  fall  of  the  Roman  power, 
when  the  ferocious  tyranny  of  the  Saracens  established  a  despotism  over 
tne  mmd  as  well  as  the  body  ;  and  by  the  characteristic  zeal  of  Omar, 
entailed  ignorance  on  the  future,  by  consuming  the  very  sources  of  know- 
ledge under  the  baths  of  Alexandria ;  yet,  when  in  the  15th  century,  the 
hum<m  intellect  began  to  shake  oiF  the  lethargy,  which  during  the  long 
night  of  the  dark  ages  had  paralyzed  its  energies,  and  printing  was  intro- 
duced'—that  mighty  art  which  is  ordained  to  sway  the  destinies  of  our 
race  forever — among  the  earliest  of  printed  books,  witli  illustrations,  this 
interesting  implement  may  be  found  portrayed  in  vignettes^  in  views  of 
cities^  and  of  rural  life ;  tangible  proofs  of  its  universal  use  throughout 
Europe  at  that  time,  as  well  as  during  tlie  preceding  ages. 


Having  referred  in  this  and  in  a  preceding  chapter,  to  the  'Mathematical 
Magic'  of  Wilkins,  we  subjoin  some  remarks  on  the  mechanical  specula- 
tions of  that  and  other  old  church  dignitaries.  [These  remarks  were  at 
first  designed  for  a  note,  but  have  been  too  far  extended  to  be  inserted  as 
Dne.j  The  former  was  certainly  one  of  the  most  ingenious  and  imaginative  of 
mechanics  that  ever  was  made  a  bishop  of,  and  not  a  few  have  worn  the 
mitre.  *The  Right  Reverend  Father  in  God,  John,  Lord  B.shop  of 
Chester,*  (like  friars  Bacon  and  Bungey,  the  Jesuit  Kircher,  the  Abbe 
Mical,  and  a  host  of  others,)  excelled  equally  in  mechanical  and  theologi- 
cal science ;  and  at  one  period  of  his  researches  in  the  former,  seemed 
almost  in  danger  of  rendenng  Ae  latter  superfl'ous:  viz.  ''y  developing 
a  plan  of  conveying  men  to  other  worlds  by  machinery !  See  his  Tract  on 
on  the  'Discovery  of  a  New  World  in  the  Moon,  and  the  possibility  of 
a  passage  thither.'  Lon.  1638.  After  removing  with  a  facility  truly  de- 
lightful, those  objections  to  such  a  '  passage'  as  arise  /rom  the  'extreme 
coldness  and  thinness  of  the  etherial  air,'  '  the  natural  heaviness  of  a  man's 
body,*  and  *the  vast  distance  of  that  place  from  us,*  and  the  consequent 
necessity  of  rest  and  provisions  during  so  long  a  journey,  there  being,  as 
he  observes,  *  no  inns  to  entertain  passengers,  nor  any  castles  in  the  air  to 
receive  poor  pilgrims'— he  proposes  three  modes  of  accomplishing  the 
object.  1.  By  the  application  of  wings  to  the  body  ;  *as  angels  are  pic- 
tured, as  Mercury  and  Dsedalus  are  feigned,  and  as  has  been  attemjUed 
bv  divers,  particularly  by  a  Turk  in  Constantinople,  as  Busbetjuius  ro- 
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lates.  2.  By  n^eans  of  hirds^  for  as  ho  quaintly  says,  "If  there  be  such 
A  great  ruck  in  Madagascar,  as  Marcus  Polus  llie  Venetian  mentions,  the 
feathers  in  whose  wings  are  twelve  feet  long,  which  can  scoop  up  a  horse 
and  his  rider,  or  an  elephant,  as  our  kites  do  a  mouse  ;  why  then,  'tis 
but  teaching  one  of  these  to  carry  a  man,  and  he  may  ride  up  thither,  as 
Ganymede  did,  upon  an  eagle/*  3.  Or,  "  if  neither  of  these  ways  will 
serve,  yet  I  do  seriovsly^  and  upon  gooil  grovnd^  atHrm  it  possible  to  make 
a  filling  chariot,  in  which  a  man  may  sit,  and  give  such  a  motion  unto  it  as 
^hall  convey  him  through  the  air;  and  this  perhaps  might  be  made  largo 
enough  to  carry  diverse  men  at  the  same  time,  togeiier  with  food  fo*" 
their  i'*aiicum,  and  comvioditie^  far  traffic^  The  construction  of  such  a 
chariot,  he  says,  was  *no  difficult  matter,  if  a  man  had  leisure  to  show 
more  particularly  the  means  of  composing  it.'  It  is  to  be  regretted  that 
he  did  not  pretermit  some  of  his  labors  for  that  purpose,  especially  as  his 
project  was  not  merely  to  skim  along  the  surface  of  this  planet,  like  mo- 
dern aeronauts,  or  ancient  navigators  creeping  along  shores — but  like  ano- 
ther Columbus,  to  launch  out  into  the  unknown  regions  of  space,  in  search 
of  other  worlds. 

Had  Wilkins  been  a  countryman  as  well  as  a  contemporary  of  Galileo, 
his  aerial  flights  would  have  been  confined  to  a  dungeon,  and  the  wings 
of  his  genius  would  have  been  effectually  clipped  with  Roman  shears. 
Indeed  we  must  admit  that  he  was  the  greater  sinner  of  the  two !  for 
Galileo  merely  taught  the  absurd  doctrine  of  the  sun's  stability,  and  that 
the  earth  moved  round  it,  in  opposition  to  the  evidence  of  his  senses,  to 
the  doctrines  of  the  church,  and  in  flat  contradiction  of  those  passages  in 
the  Bible,  which  Bellarmine  adduced  as  proofs  indubitable,  that  the  sun 
*  rises  up^  in  the  east  every  morning,  and  *  goes  daimi^  in  the  west  every 
night,  and  that  the  earth  is  esiablished  and  'cannot  be  moved.'  Whereas 
the  heretical  bishop,  endeavored  to  open  a  way  hy  which  men  could 
visit  other  worlds  when  they  pleased,  and  that  too,  without  consulting,  or 
so  much  as  saying  *by  your  leave,'  to  the  successors  of  St.  Peter! 

The  earliest  English  argonaut  was  Elmer,  a  monk  of  the  11th  century 
He  adapted  wings  to  his  hands  and  feet,  and  took  his  flight  from  a  lofty 
tower.  He  sustained  himself  in  the  air  for  the  space  of  a  furlong,  but  his 
career,  (like  that  of  Dante  in  the  fifteenth  century)  terminated  unfortu- 
nately, for  by  some  derangement  of  his  machinery  he  fell,  and  both  his 
legs  were  broken.  Dante,  after  several  successful  experiments,  fell  on  the 
roof  of  a  clmrch  and  broke  his  thigh. 

It  is  a  singulai'  fact  in  the  history  of  the  arts,  that  mechanical  skill  was 
in  former  times  intimately  connected  with  theological  pursuits,  and  that 
some  of  the  cleverest  workmen  were  ecclesiastics,  and  of  the  highest 
grades  too ;  witness  Gerbert,  Dunstan,  ^bertus,  and  many  others.  The 
first  was  a  French  mechanician  of  the  10th  century,  whose  researches 
led  him  at  that  early  period,  to  experiment  on  steam,  and  on  its  application 
to  produce  music.  He  was  successively  archbishop  of  Rheims  and  Ra- 
venna, ana  in  999  took  his  seat  in  St.  Peter's  chair,  and  was  announced 
to  the  world  as  Pope  Sylvester  II.  It  may  now  appear  strange  that 
monks  and  friars,  abbots,  bishops,  archbishops  and  popes,  should  have  been 
among  the  chief  cultivators  of,  and  most  expert  manipulators  in  the  arts, 
and  that  to  them  we  are  greatly  indebted  for  their  preservation  tlirough 
the  dark  ages ;  but,  in  those  times,  it  was  so  far  from  being  considered 
derogatory  in  ecclesiastics  to  work  at  *  a  trade,'  that  those  who  did  not,  were 
accountf^d  unworthy  members  of  the  church ;  hence  monks  wei*e  cooks, 
carpenters,  bakers,  farmers,  turners,  founders,  smiths,  painters,  carvers, 
copyists,  &c. ;  all  had  some  occupation,  besides  the  study  of  their  peculi&i 
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duties.  "  In  that  famous  colledg,  our  monasterie  of  Bangor,  m  which  there 
were  2100  christian  philosophers,  that  served  for  the  profit  of  the  people 
«n  Christ,  living  by  the  labor  of  their  hands,  according  to  St.  Paul's  doc- 
trine."* This  was  in  the  5th  century,  when  Pdagius  belonged,  to  the 
same  monastery.  In  the  7th,  "almost  all  monks  were  addicted  to  manual 
arts,"  and  according  to  St.  Benedict,  such  only  as  lived  by  cheir  own  la- 
bor, "  were  truly  monks."^  "  They  made  arid  sold  their  wares  to  strangers, 
for  the  use  [benefit]  of  their  monasterie,  yet  somewhat  cheaper  than  others 
sold."*  Many  of  these  men  naturally  became  expert  workmen,  especially 
ill  the  metals — a  branch  of  the  arts  that  seems  to  have  been  a  favorite  one 
with  them ;  hence,  the  best  gold  and  silver  smiths  of  the  times  were  often 
found  in  cloisters ;  and  the  rich  '  boles,  cups,  chalices,  basens,  lavatories 
of  silver  and  gold,  and  other  precious  furniture'  of  the  churches,  were 
made  by  the  priests  themselves : — It  may  be  a  question,  whether  they 
were  not  right  in  thus  combining  mental  and  physical  employments;  as 
a  compound  being,  manual  labor  seems  necessary  to  the  full  development 
of  man's  intellect,  and  to  its  healthy  and  vigorous  exercise.  Dunstan, 
Archbishop  of  Canterbury  in  the  10th  century,  was  skilled  in  metallurgical 
operations — he  was  a  working  jeweler,  and  a  brass  founder.  Two  large 
bells  for  the  church  at  Abingdon  were  cast  by  him.  He  is  said  to  have 
been  the  inventor  of  the  Eolian  harp,  an  instrument  whose  spontaneous 
music  induced  tlic  people  at  t^iat  dark  age,  to  consider  him  a  conjuror—' 
hence  the  old  lines — 

^t.  Dunstan's  harp,  fast  by  the  wall 
Upon  a  pin  did  hung — a ; 
Tne  harp  itself,  with  ty  and  all, 
Vntottched  by  hind  did  twang — a. 

Tlie  genius  of  some  led  them  to  cultivate  architecture.  Cathedrals  and 
other  buildings  yet  ex'unt,  attest  their  skill.  Of  celebrated  architects  in 
the  11th  century,  w*  re  Mauritius,  bishop  of  London,  and  GunduJ'phus 
bishop  of  Rochestei.  The  latter  visited  the  Holy  Land  previous  to  the 
crusades,  and  is  said  to  have  been  one  of  the  greatest  builders,  and  the 
most  eminent  casilo  architec*  of  his  age.  In  the  Towers  of  London  and 
Rochester,  he  left  specimens  of  his  art.  At  paffe  62,  we  referred  to  the 
remains  of  a  castle  built  by  him,  and  to  his  mode  of  protecting  the  well, 
and  raising  the  w-ator  to  the  different  floors.  In  the  12lh  century,  these 
reverend  artists  were  numerous.  In  England,  were  Roger,  bishop  of 
i:?alisbury,  and  Ernulf,  his  successor — Alexander  of  Lincoln — Henry  Ds 
Blois  of  Winchester,  and  Roger,  of  York ;  all  of  whom  left  remarkable 
proofs  of  their  proficiency  as  builders.  In  France,  *in  sundry  times  the 
ecclesiastics  performed  carving,  smelting,  painting,  and  mosaic,*  Leo, 
aifihon  of  Tours  in  the  Cth  century,  *  was  a  great  artist,  especially  in  car 
^fenirt/J  St.  Eloy  was  at  first  a  sadler,  then  a  goldsmith,  and  at  last 
oishop  o£  Noyan  ;  he  built  a  monastery  near  Limoges,  but  he  was  most 
ooted  for  shrines  of  gold,  silver,  and  precious  stones.  He  died  in  66S. 
The  church  of  Notre  Dame  des  Unes,  in  Flanders,  was  begun  by  Pierre 
the  7th  abbot,  and  completed  in  1262,  by  Theodoric.  *  The  whole  church 
was  built  by  the  monks  themselves,  assisted  by  the  lay  brothers  and  their 
servants.**' 

Lutlier  was  accustomed  to  turning,  and  kept  a  lathe  in  his  house,  'ic 
order  to  gain  his  livelihood  by  his  hands,  if  the  word  of  God  failed  Xf 
•upport  him.* 


•  Monastichon  Britannirnm.  f .on.  1655.  p.  40  ^  lb.  268.  •  lb.  301 

*  VA,  Excyc.  Art.  Civi.  \rchiteciure. 
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Tliose  in  whr^m  the  *  organ  of  construed veness,  or  invention  was  prom- 
inent, produced  among  other  curious  machniery,  speaking  hcadr^  imaga  of 
saints,  SfC,  These,  it  is  believed,  were  imitations  of  simuar  conirivancei 
in  heathen  temples.  The  statue  of  Scrapis  moved  its  ey«js  and  lips.  The 
bird  of  Memnon  flapped  his  wings,  and  uttered  sounds.*  It  is  to  be  ro- 
grctttid  that  no  detailed  descriptions  of  these,  and  of  such,  as  were  used 
in  European  churches  previous  to  the  reformation,  have  been  preserved 
An  account  of  the  injrenious  frauds  of  antinuitv  would  be  as  valuable  to  a 
mechanician  as  it  would  be  interesting  to  a  philosopher.  It  would  in  all 
probability  develope  mechanical  combinations  both  novel  and  useful ;  and 
would  include  all  the  mechanism  of  modern  androides ;  and  most  of  tho 
deceptions  to  be  derived  from  natvral  magic. 

A  famous  image  known  as  the  Roode  of  Grace,  is  often  mentioned  by 
English  historians.  A  few  scattered  notices  of  it  are  worth  inscrtrng. 
Speed  in  his  history  of  Great  Britain,  (page  790,)  says  *'  it  was  by  divers 
vices  [devices]  made  to  Iww  down,  and  to  li/l  uj)  itselfe,  to  s/iake,  and  to 
stir  fiotli  head,  hands,  and  feci,  to  rowle  its  ef/cs,  jnoove  the  lips,  and  to  bend 
the  hrows^  It  was  destroyed  in  Henry  VIlI's  reign,  being  "  broken  and 
pulled  in  pieces,  so  likewise  the  images  of  our  Lady  of  Walsingham 
and  Ij)swlch,  set  and  besprinkled  with  jewels,  and  gemmes,  with  divers 
others  bcth  of  England  and  Wales,  were  brought  to  London,  and  burnt 
at  Chelsea,  before  the  Lord  Crura  well.*'  In  the  life  of  the  last  named  in- 
dividual some  further  particulars  of  it  are  given,  and  which  explain  the 
mode  of  operation.  **  Witliin  the  Roode  of  Grace,  a  man  stood  inclosed 
with  an  hundred  ivycrs,  v/herewith  he  made  the  image  roll  his  eyes,  nod  hu 
head,  hung  the  lip,  more  and  shake  hi^  jaws  ;  according  as  the  value  of 
-he  gift  offered,  pleased  or  displeased  the  priest;  if  it  were  a  small  piece 
of  silver,  he  would  hang  the  lip,  if  it  were  a  good  piece  of  gold,  his  cliapi 
would  go  mcrrily,^^  &c.  Cromwell  discovering  the  cheat,  caused  the 
image  "  with  all  his  engines  to  be  openly  showed  at  Paul's  Cross,  and 
there  to  be  torn  in  pieces  by  the  people."  Clarke's  Lives,  Lon.  1675 
It  would  have   been  a  dangerous   practice  to  have  employed   intelligent 

*  lay  craftsmen*  in  making  machines  like  this,  or  to  have  engaged   them  in 

*  pulling  the  wires.'  The  slirine  of  Beckct  showed  great  proficiency  in 
some  of  the  arts.  It  **  did  abound  with  more  than  princely  riches,  its 
meanest  part  was  pure  gold,  garnished  with  many  precious  stones,  as 
£^ras?mis  that  saw  it,  hath  written ;  whereof  the  chiefest  was  a  rich 
gemme  of  France,  offered  by  king  Lewis,  who  asked  and  obtained  (you 
may  be  sure,  he  buying  it  so  deare)  that  no  passenger  betwixt  Dover  and 
Whitesand  should  perish  by  shipwracke."  The  bones  of  Becket  were 
laid  in  a  splendid  tomb.  "  The  timber  work  of  his  shrine  was  covered 
with  plates  of  gold,  damasked  and  emhosscd  with  wires  of  gold,  garnished 
with  hroches,  images,  angels,  precious  stones,  and  great  orient  pearles ;  all 
these  defaced  filled  two  chests,  and  were  for  price,  of  an  inestimable 
value."  A  catalogue  of  the  miracles  wrought  at  his  shrine  filled  two  folic 
volumes  !* 


'Sec  Kircher's  Muiurgia  Univv    lalis.  Rome,  1650,  Tom  ii,  p.  413,  for  an  ingenious 
figure  of  such  an  automaton. 

^  Accounts  kept  b^  Churchwardenit  previoua  to  the  reformation  often  exiiibit  curio Ji: 
information  in  relation  to  the  repairing,  replacing,  and  clothing  of  images,  and  to  the 
itnleof  damaged  or  worn  out  one.s,  as  appears  by  the  following  extracts  from  '  A  bonke 
of  the  atuffe  in  tlic  cheyrche  of  Holbeche  sowld  by  Cheyrchewardyns  of  the  same,  ac- 
cording to  tlie  injiinctyons  of  the  Kyuges  Magyste,  A.  I).  1447.'  Tht  Trinity  widi  tlid 
Tabernacle,  sold  for  two  shilling  and  fourpence.  The  Tabernacle  of  Nicholas  and  James 
for  six  shillings  and  eight  pence.  "All  tlie  Apoittyls  coats  and  uthrr  raggs,"  for  f  ig\it  shd 
lings  and  four  pence.  And  in  1547,  •*  XX  score  and  X  bund,  oflatyn,  at  ii.  s.  wid  xi  d. 
tiie  score.'  This  item  probably  consisted  of  brazen  utenniU,  ima^ies,  &c.  sold  for  their 
?aiu<s  a«  oid  matii.     StukeLy's  Antiquitise.     London  1770,  page  21. 
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Other  devices,  less  complex  than  the  Roode  of  Grace,  but  when  adroitly 
managed,  equally  effective  and  imposing,  consisted  in  the  application  of  se- 
cret tubes,  through  which  sound  might  be  conveyed  from  a  person  at  a  dis- 
tance. Sometimes  the  accomplice  was  concealed  in  the  pedestal,  or  in  the 
statue  itself,  or  in  the  vicinity.  "  The  craftinesse  of  the  inchanters,  (observes 
Peter  Martyr,)  led  them  to  erect  images  against  walles,  and  gave  answei 
through,  holes  bored  in  them  ;  wherefore  the  people  were  marvellouslie 
amazed  when  they  supposed  the  images  spake.  There  were  dailie  woon 
ders  wrought  at  the  images  whereby  the  siilie  people  were  in  sundriewise 
seduced."*  It  was  by  a  trick  of  this  kind,  that  Dunstan  confounded  his 
adversaries  in  an  important  discussion — the  crucifix  hanging  in  the  church 
opened  its  mouth  and  decided  the  question  in  his  favor.  Numerous  exam- 
ples of  more  recent  times  might  be  given.  We  add  one  from  Keysler's 
Trav.  Vol.  i,  148  :  A  monk  having  made  a  hole  through  a  wall,  behind  an 
image  of  the  Virgin,  *  placed  a  concealed  tube  from  it  to  his  cell ;  and  through 
it  caused  the  image  to  utter  whatever  he  wished  the  people  to  believe.'  By 
such  tubes  figures  of  the  Virgin  have  repeatedly  declared  her  wishes, 
saluted  her  worshippers,  and  returned  their  compliments.  It  was  by  the 
fame  device  that  several  statues  of  heathen  deities  performed  prodigies  ; 
that  of  Jupiter  for  example,  which  burst  forth  into  loud  fits  of  laughter. 
Misson's  Trav.  Vol.  ii,  412. 

Within  ancient  temples,  says  Fosbroke,  was  a  dark  interior,  answering 
lo  the  choir  of  modern  cathedrals,  the  Pcnctrale,  into  which  the  people 
were  not  permitted  to  enter.  When  the  time  of  sacrifice  arrived,  the 
priest  opened  the  doors  that  the  people  might  see  the  altar  and  victim ; 
for  only  the  priests  and  privileged  persons  entered  into  the  cclla,  i.  e.  into 
interior.  Some  temples  admitted  light  only  at  the  door,  for  darkness  was 
deemed  a  most  powerful  aid  to  superstition.  "  The  penetrale  of  the  tem 
pie  of  Isis,  at  Pompeii  is  a  small  pavilion,  raised  upon  steps,  under  which 
is  a  vault,  that  may  have  served  for  oracular  impositions.  A  shrine  of 
this  kind  is  still  open  for  inspection  at  Argos.  In  its  original  state  it  had 
been  a  temple ;  the  further  part  where  the  altar  was,  being  an  excavation 
of  the  rock,  and  the  front  and  roof  constructed  of  baked  tiles.  The  altar 
j'9t  remains  and  part  of  the  fictile  superstructure,  but  the  most  remarka- 
ble thing  is  a  secret  subterraneous  passage  terminating  behind  the  alia'' 
iu  entrance  being  at  a  considerable  distance,  towards  the  right  of  a  person 
facing  the  altar,  and  so  cunningly  contrived  as  to  have  a  small  aperture, 
easily  concealed,  and  level  with  the  surface  of  the  rock.  This  was  barely 
large  enough  to  admit  the  entrance  of  a  single  person,  who  could  creep 
along  to  the  back  of  the  altar,  where  being  hid  by  some  colossal  statue,  or 
other  screen,  the  sound  of  his  voice  would  produce  a  most  impo- 
sing effect  among  the  listening  votaries."  Antiq.  33.  It  is  a  curious 
fact  that  conjurers  and  chiefs  among  American  Indians,  were  found 
to  practice  similar  cheats.  In  St.  Domingo,  some  Spaniards  having 
abruptly  ente»*ed  the  cabin  of  a  cacique,  they  were  astonished  to  hear  an 
Idol  apparently  speaking  (in  the  Indian  tongue)  with  great  volubility. 
Suspecting  the  nature  of  the  imposture,  they  broke  the  image,  and  dis- 
covered a  concealed  tube,  which  proceeded  from  it  to  a  distant  corner, 
where  an  Indian  was  hid  under  some  leaves.  It  was  this  man,  speaking 
through  the  tube,  that  made  the  idol  utter,  whatever  he  wished  the  hear- 
prs  to  believe.  The  Caciq*ie  prayed  the  Spaniards  to  keep  the  trick 
lecret,  33  it  was  by  it,  that  he  secured  tribute  and  kept  his  people  in  sub- 
ection.* 

*  Common  Places,  Part  ii,  Chap.  v.     Lon.  1583. 

^  Hifltoire  Geoerale.    La  Haye.  1763.    Tom.  18,  p.  3S9. 
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Another  device  adopted  by  ecclesiastics,  for  subduing  the  lurbuUnt 
passions  of  their  ignorant  people,  and  exciting  in  them  feelings  of  respect 
for  the  church,  was  by  making  images  of  the  Virgin  and  of  Christ,  to 
weepf  and  sometimes  to  su^at  blood,  &c.  These  effects  being,  of  course, 
represented  as  the  result  of  their  impenitence.  *  The  fathers  of  Monte 
Vaccino  made  the  wooden  crucifix  sweat  tliat  was  fastened  to  the  wall 
of  their  church  ;  through  which  they  had  a  passage  for  the  water  to  run 
into  the  body  of  the  crucifix,  wherein  they  had  drilled  several  pores,  so 
that  it  passed  through  in  little  drops.'  De  La  Moriraye*s  Trav.  vol.  i,  23. 
This  was  a  staple  trick  of  heathen  priests ;  hence  Stalius,  in  his  Tltchaid^ 
B.  ix,  V.  906,  represents  the  statue  of  Diana  weeping. 

For  tears  descended  from  the  sculptured  stone. 
And  Lucan, 

The  face  of  grief  each  marble  stanie  wears. 
And  Parian  gods  and  heroes  citand  in  tears. 

In  the  temple  of  the  great  Syrian  goddess  at  Hic^polis,  were  Idols 
that  could  *move,  sweat  and  deliver  oracles  as  if  alive/*  Among  an- 
cient chemical  deceptions,  the  liquefaction  of  St.  Januarius*  blood,  is  still 
performed ;  and  once  a  year,  all  Naples  is  in  suspense  till  the  miracle  is 
accomplished.  We  shall  have  occasion  to  notice  other  ingenious  ancient 
devices  for  the  same  purposes  of  delusion,  in  the  fourth  Book,  when  speak- 
ng  on  the  application  of  steam  to  raise  water. 

Although  the  monks  present  lamentable  examples  of  misdirected  talents 
and  misapplied  time,  their  labors  tended  to  the  general  progress  of  re- 
finement and  learning.  We  may  regret  that  unworthy  spirits  among  them 
abused  the  superstitions  of  the  times  to  their  own  advantage — imitating 
the  statesmen  and  priests  of  antiquity,  in  making  the  oracles  declare  what 
they  wished ;  still,  they  were  the  only  lights  of  the  dark  ages,  and  even 
their  introduction  of  images  of  saints,  &c.  in  place  of  the  pagan  idols, 
contributed  in  the  end  to  the  overthrow  of  idolatry,  and  was  perhaps  the 
only  condition  on  which  the  barbarous  people,  could  be  induced  to  give 
up  their  ancient  deities.  *  It  can  hardlie  be  credited,'  says  Peter  Martyr, 
*  with  how  greate  labor  and  difficultie,  man  could  be  brought  from  the  wor- 
shipping of  images.' 

Another  class  devoted  themselves  to  writing  and  copying,  that  is,  to  the 
art  of  multiplying  books ;  and  their  industry  and  skill  have  never  been, 
and  in  all  human  probability,  never  will  be  surpassed.  The  beauty,  uni- 
formity and  effect  of  their  pages,  are  equal  to  those  of  any  printed  volume. 
The  rnchness  of  the  illuminated  letters,  the  fertility  of  imagination  dis- 
played in  their  endlessly  variegated  forms,  the  brightness  of  the  colors 
ana  gilding,  and  the  minuteness  of  finish,  can  only  be  appreciated  by 
those  who  liave  had  opportunities  of  examining  them.  We  have  seen 
some  in  which  the  illustrations  equalled  the  finest  paintings  in  miniature.* 
In  a  literary  and  useful  point  of  view,  the  labors  of  these  men  are  above 
all  praise.  They  were  the  channels  through  which  many  valuable  work* 
of  the  ancients  have  been  preserved  and  transmitted  to  us.  And  af  re 
gards  the  arts,  both  ornamental  and  useful,  the  monks  were  at  one  tiniti 
almost  their  only  cultivators. 


•  Univer.  Hist,  i,  373.  ^In  the  Libraiy  of  John  Allan,  Esq.  of  this  cit^ 
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CHAPTER    XIV 

Wheels  for  raising  water— Machines  described  bj  Yitrarlns— Tympannm— De  La  Faje's  im 
proTementr— Scoop  Wheel— Chinese  Mills— Koman  do.— Egyptian  do.— Noria  with  Pots— Sup- 
posed origin  of  Toothed  Wheels— Substitute  for  wheels  and  pinions— Persian  Wheel :  Common  in 
^jria- Large  ones  at  Hamath— Various  modes  of  propelling  the  Noria  by  men  and  animals — 
Early  employment  of  the  latter  to  raise  water.  Antiquity  of  the  Noria  -  Supposed  to  be  the 
*  Wheel  of  Fortune*— An  appropriate  emblem  of  abundance  in  Egypt— Sphinx -Lions*  Heads — 
Tases— Cornucopia — Ancient  emblems  of  irrigation — Medea:  Inventress  of  Yupor  Baths — Ct»' 
sibins— Metallic  and  glass  mirrors— Barl>ers. 

Havino  examined  such  devices  for  raising  water,  as  from  their  sim- 
plicity  have  been  generally  unnoticed  in  treatises  on  hydraulic  machines, 
we  proceed  to  others  more  complex ;  and  fir^t,  to  such  as  i  evolve  round 
the  centres  from  which  they,  are  suspended,  and  which  have  a  continuous 
instead  of  an  alternating  motion.  Although  differing  in  these  respects  and 
in  their  form  from  the  jantu  or  vibrating  gutter  and  the  swape,  they  will 
he  found  essentially  the  same ;  their  change  of  figure  being  more  apparent 
than  real,  and  merely  consequent  on  the  new  movement  imparted  to  them. 
As  these  machines  ^re  obviously  of  later  date  than  the  preceding,  it  may 
perhaps  be  supposed  that  the  period  of  their  introduction  might  be  as- 
certained ;  but  so  it  is,  that  with  scarcely  an  exception,  the  time  when, 
place  where,  and  the  persons  by  whom,  they  were  invented,  are  abso- 
lutely unknown. 

Although  allusions  to  machines  for  raising  water  are  found  in  several 
of  their  authors,  it  does  not  appear  that  any  general  account  or  compre- 
hensive treatise  of  them  was  ever  written  by  the  ancients.  If  such  a  work 
was  executed,  it  has  penshcd  in  the  general  wreck  of  ancient  records 
About  the  beginning  of  the  Christian  era,  a  Roman  architect  and  engineer 
published  a  treatise  on  those  professions,  in  which  he  inserted  a  brief  de- 
scription of  some  hydraulic  engines.  This  is  the  only  ancient  w^ork  extant 
which  treats  professedly  on  them  ;  and  the  whole  that  relates  to  them 
might  be  included  in  two  pages  of  this  volume. 

The  machines  described  by  Vitruvius — for  it  is  to  him  we  allude — are 
the  Tympanum^  Noria,  Chain  of  Pots,  the  Screw,  and  the  Machine  of 
Ctesibius  or  Pump.  He  has  not  mentioned  the  jantu,  swape,  the  cord 
and  bucket,  with  the  various  modes  of  using  thejatter ;  probably  because 
he  considered  these  too  simple  in  their  construction  to  be  properly  classed 
among  hydraulic  machinery ;  he  therefore  passed  by  them,  and  modern 
authors  have  generally  followed  his  example.  Notwithstanding  the  omis- 
sion of  these,  there  are  circumstances  which  render  it  probable  that  his 
account,  brief  as  it  is,  includes  all  the  principal  machines  that  were  used 
by  the  nations  of  the  old  world,  if  we  except  China.  He  wrote  at  a  pe- 
riod the  most  favorable  for  acquiring  and  transmitting  to  posterity  a  perfect 
knowledge  of  the  mechanic  arts  of  the  civilized  nations;  for  he  flourished 
during  the  last  scenes  of  the  mighty  drama  when  Rome  had  become  the 
arbitress  of  the  world,  and  the  enlightened  nations  of  the  east — their  wealth, 
learning,  arts  and  artisans,  were  prostrate  at  her  feet ;  so  that  if  we  were  to 
suppose,  absurd  as  it  would  be,  that  the  previous  intercourse  of  the  Romans 
with  Asia  Minor,  Egypt,  Carthage,  and  Greece  had  not  made  them  famil- 
iar with  the  arts  of  those  countries,  nothing  could  have  prevented  them 
from  possessing  such  knowledge  when  they  became  Roman  provinces ; 
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lenoe  we  infer,  that  if  there  had  been  in  use  in  any  of  those  countries, 
(for  some  centuries  previous  to  or  during  the  lifetime  of  Vitruvius,  and  he 
was  an  old  man  when  he  published  his  work ;)  any  efficient  machine  for 
raising  water,  different  from  those  he  has  described,  it  would  have  been 
known  to  the  Romans,  and  would  have  been  noticed  by  him.  Moreover, 
he  was  evidently  familiar  with  the  inventions  of  the  mechanicians  of  for- 
mer ages  and  frequently  refers  to  them  ;  and  as  all  the  machines  described 
by  him  were  of  foreign  origin,  and  most  of  them  of  such  high  antiquity 
as  to  rench  back  to  ages  anterior  to  the  birth  of  Romulus  and  the  founda*^ 
tion  of  Rome,  we  have  no  reason  to  suppose  that  any  important  one  has 
escaped  him  :  to  which  we  may  add,  if  any  useful  machine  for  raising  wa- 
tt-r  had  originated  with  his  countrymen,  he  would  scarcely  have  failed  to 
r  cord  the  fact. 

The  tympanum  consists  of  a  series  of  gutters  united  at  their  open  ends 
to  a  horizontal  bhaft,  which  is  made  hollow  at  one  end  and  placed  a  little 
higher  than  where  the  water  is  to  be  elevated ;  the  gutters  are  arranged 
as  radii,  and  are  of  sufficient  length  to  extend  from  the  shafl  to  a  short 
distance  below  the  surface  of  the  water,  as  represented  by  the  annexed  dU 
agram. 

S,  the  shaft ;  G,  G,  the  gutters ;  A,  a  trough 
to  take  away  the  water.  The  arrow  indicates 
the  direction  in  which  the  wheel  turns;  each  gut- 
ter, as  it  revolves  scoops  up  a  portion  of  water 
and  elevates  it,  till  by  the  inclination  to  the  axle, 
it  flows  towards  the  latter,  and  is  discharged 
through  one  end  of  it. 

Were  the  machine  made  as  thus  represented,  i.  e. 
of  separate  gutters  and  not  connected  to  each  other, 
it  coiiid  not  be  durable,  as  the  weia:ht  of  water 
raised  at  the  end  of  each  would  have  a  tf^ndency 
No.  44.   Tympanun.  ^o  break  them  at  their  junction  with  the  shafl. 

*The  ancients  therefore  made  two  strong  disks 
of  plank  well  jointed  together,  of  the  diameter  of  the  intended  wheel,  these 
they  secured  on  a  shaft,  at  a  distance  from  each  other,  proportionate  to 
the  quantity  of  water  required  to  be  raised.  Any  number  of  plank  par- 
titions (Vitruvius  says  eight)  were  then  inserted  in  the  direction  of  radii 
between  these  disks,  and  were  well  secured  to  them,  and  made  tight  by 
caulking  and  pitch.  The  spaces  between  them,  at  the  circumference  of 
the  wheel,  were  also  closed,  with  the  exception  of  an  opening  left  for  the 
admission  of  water  to  each;  and  where  each  partition  joined  the  shaft,  a 
hollow  channel  was  formed  in  the  latter,  parallel  to  the  axis,  through  which 
the  water  was  discharged  into  a  trough  or  gutter  placed  immediately  un- 
der it.  The  tympanum  is  obviously  a  modification  of  the  jantu  of  India, 
or  rather  it  is  a  number  of  them  combined,  and  having  a  revolving  instead 
of  a  vibratory  movement.  It  is  the  first  machine  described  by  Vitruvius ; 
of  which  he  observes,  "  it  does  not  raise  the  water  high,  but  it  discharges 
a  great  quantity  in  a  short  time."  B.  x.  Cap.  9.  From  its  resemblance 
to  a  drum  or  tabor,  it  was  named  by  the  Romans  Tympanvm, 

The  prominent  defect  of  the  tympanum  arises  from  the  water  being 
always  at  the  extremity  of  a  radius  of  the  wheel,  by  which  its  resistance 
increases  as  it  ascends  to  a  level  with  the  axis ;  being  raised  at  the  end  of 
levers  which  virtually  lengthen  till  the  water  is  discharvred  from  them 
There  ie  no  reason  to  suppose  that  this  defect,  if  perceived  at  all  by  an- 
cient mechanicians,  was  ever  remedied  by  them  ;  to  most  persons,  the  idea 
would  never  occur,  that  so  simple  a  machine  could  be  essentially  improv 
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ed,  and  its  haring-  been  described  aa  represented  in  the  last  figo.-o  by  a 
Roman  phlloeopbpr  and  engineer;  it  was  inost  likely  used  as  thus  ciui- 
struuted,  through  the  remote  ages  of  antiquity,  to  ilie  early  part  of  the  last 
century,  when  a  member  of  the  Royal  Academy  of  Sciences,  of  France, 
M.  De  La  Fayo,  developed  by  geometrical  reasoning,  a  beautiful  and 
L-uly  philouopliical  improvement.  It  is  deicrihed  by  Belidor,  (Tom.ii,  385, 


jS7,j  together  with  the  process  of  reasoning  that  led  to  it  "  When  thn 
circumference  of  a  circle  is  developed  ;  a  curve  is  described,  (the  invo- 
lute) of  which  all  the  radii  are  so  many  tangents  to  the  circle  ;  and  art 
likewise  all  respectively  perpendicular  to  the  several  points  of  the  curve  do- 
scribed,  which  has  for  its  greatest  radius,  a  line  equal  to  tlie  periphery  of 
the  circle  evolved.  Hence,  having  an  axie  whose  circumference  a  little 
exceeds  the  height  which  the  water  ia  proposed  to  be  elevated,  let  the 
circurofereuce  of  the  axle  be  evolved,  and  make  a  curved  canal,  whose 
curvature  shall  coincide  throughout  exactly  with  that  of  the  involute  jus: 
formed ;  if  the  farther  extremity  of  this  canal  be  made  to  enter  the  water 
thai  is  to  be  elevated,  and  the  other  extremity  abut  upon   the   shaft  which 


->  turned 
omecTio.v,  ian> 
ever  position  it 


nthec 


irse  of  rotation,  the  waier  will  rise  in  a  VERXrCAL 
he  shart,  and  perpendicular  to  ihe  canal,  in  what- 
dee  No.  4S. 
The  above  figure  from  Belidor,  is  composed 
of  four  tubes  only,  but  it  is  frequently  con- 
tructed  with  double  the  number.  Instead  of 
tubes,  curved  partitions  between  the  closed  sides 
of  the  wheel  are  ofiener  used,  as  in  the  scoop 
-which  consists  of  a  number  of  si:mi- 
partitions,  extending  from  the  axlj  to 
fcrence  of  a  large  flatcyhnder.  As 
s  in  the  direction  of  the  arrows,  th?  ex 
of  the  partitions  dip  into  [he  water. 
and  scoop  it  up,  and  as  tliey  ascend,  discharge 
it  into  a  trough  placed  under  one  end  of  the 
shaft,  which  is  hollowed  into  as  many  compart- 
mcnis  as  there  are  partitions  or  scoops.  Wheels  of  this  description,  and 
i>roi)e1'cd  by  sti-am.  are  extensively  used  to  drain  the  fens  of  Lincolnshii  e 


[BuokL 


THE  NORIA  OR  EQVrTIAN  WHEEL 


The  tympanum  has  boen  Jescribed  as  an  assemblage  of  gTitlers,  anJ 
the  Noria  may  be  considurc'l  us  b.  numlter  of  revolving  swapc.'.  It  cori- 
8iBt9  of  a  series  of  poles  united  like  the  arms  of  a  Wheel  to  a  hoi'lzonlal 
shaft.  To  the  extremity  of  each,  a  vessel  is  attached,  which  filla  as  it  dip; 
into  the  water,  and  is  discharged  into  a  reservoir  or  gutter  at  the  upper 
part  of  the  circle  which  it  describes.  See  No,  47,  Hence,  the  former 
raises  water  only  through  half  a  diameter,  while  this  elevates  it  througi; 
a  whole  one.  The  idta  of  thus  connecting  a  number  of  poles  with  their 
hiickels,  must  have  early  occurred  to  the  agricultural  machinists  of  Asia. 
The  advantages  of  such  an  arrangement  being  ei^ually  obvious  as  in  the 
tympanum.  The  nti^ana  that  naturally  suggested  themselves,  of  sirengrli- 
ciiiiig  a  nunilKr  of  poles  thus  aiTanged,  gradually  brought  these  machine! 
mto  the  form  of  wheels.  Sometimes,  a  rude  ring  was  formed,  to  which 
the  exterior  ends  were  secured  ;  at  others,  disks  of  plank,  were  adopted. 
and  the  vessels  were  attached  either  to  the  aides  or  rim, 
both. 


The  Chinese  make  the  rjorla,  in  what  would  seem  to  have  been  lU  pri- 
mitive form;  and  with  an  admirable  degree  of  economy,  simplicity,  aid 
akin.  With  the  exception  of  the  axle  and  two  posts  to  support  it,  the 
whole  is  of  bamboo,  and  not  a  nail  used  in  its  construction.  Even  the 
vessels,  are  often  joints  of  the  some,  lii'ing  generally  about  four  feet  I'lua 
and  two  or  three  inches  in  diameter,  Tlipy  are  attached  to  the  poles  by 
ligatures  at  such  an  angle,  as  to  fill  nearly  when  in  the  water,  and  to  dis 
charge  their  contents  when  at,  or  near  the  top.     See  No.  48. 

The  periphery  of  the  wheel  is  composed  of  three  rings  of  unequal  iti 
ameter,  and  so  arranged,  as  to  form  a  frustrum  of  a  cone.  The  smallest 
one,  to  which  the  open  ends  of  the  tubes  are  attached,  being  next  the  banK 
over  which  the  water  is  conveyed.  By  this  arrangement,  their  content* 
are  necessarily  discharged  into  the  putter  as  they  pass  tirt  end  of  it 
When  employed  to  raise  water  from  running  streams,  they  are  propelled 
Oy  the  cuT^r.t  in  the  usual  way — the  paddles  being  formed  of  wover 
Utaboci.     The  jiies  of  these  wheels,  vary  from  twenty  to  seventy  feet  in 


Chap.  H.l 


Egyptian  Nona. 
a  Staunton,  some  raise 


hundred  and  fifty  tons  to  the  tieighl  of  fi 
,     They  combine  strength  and  lig'htness  in  a 


diameter.  According  I 
wattr  in  twenty-four  hi 
lions  others  which  raise 
(bet,  during  the  same  lii 
markahle  denree.* 

The  mode  of  constructing  and  moving 
thus  described  by  Vitruvitis  r  "  When  wi 
by  the  tymjianum,  a  wheel  is  made  round 
Bi  the  height  to  which  the  water  is  lo  be  r 
tremity  of  the  side  of  the  wheel,  square  b 
wtx  are  fixed  ;  so  that  when  the  wheel  is 
the  filled  buckets  being  raised  to  the  top, 
bottom,  discharge  of  themselves  what  they  hi 
II..  9.  Newton's  Trans.     As  ihi 


le  noria  by  the  Bomans.  is 
r  is  to  be  raised  higher,  than 
axis,  of  Buch  a  masnitude, 
ed  requires.  Around  the  ex- 
(eta  cemented  with  pilch  and 
I'ned  by  the  walking  of  men, 
id  turning  i^ain  toward  thei 
brought  into  the  reser- 
drawiiigs   made   bv 


truvius  himself,  and  annexed  to  his  work  are  all  lost,  his  translatora  do 
not  always  agree  resjwcting  the  precise  form  of  the  machines  dejcribed 
by  him.  Newton  has  figured  the  noria  as  a  large  drum,  to  one  side  of  which 
square  boxes  or  buckets  are  secured.  These  buckets  are  closed  on  all 
•ides,  with  the  exception  of  an  opening  to  admit  and  discharge  the  water. 
Peranlt  has  placed  them  on  the  paddles  or  floats  of  an  undenahoc  wheel, 
like  Barburo,  except  li.at  the  latter  makes  the  bottom  of  the  boxes  or 
i'Ui:kcts  serve  a.  the  san.i-.  tiir.e  as  paddles  to  receive  the  impulse  of  the 
stream.  Rivius,  in  his  German  Translation,  (Nuremburgh  15-18.)  has  given 
one  figure  resembling  an  oEcrihot  wheel  with  the  motion  reversed,  a  forn: 
in  which  it  is  stiti  sometimes  made ;  in  another,  it  is  similar  to  the  norio 
tf  Egypt  at  the  present  dpv,  a  modification  of  it,  probably  of  great  antinuity. 


No.  49.    E(ypl»D  Norii. 

nstead  of  pots  or  other  vessels  secured  to  the  arms  by  ligatures,  oi 
buttkets  attached  to  the  sides  of  a  wheel,  as  described  by  Viiruvius,  the 
periphery  of  the  wheel  itself  is  made  hollow,  and  is  divided  into  a  number 
of  cells,  or  compartments,  which  answer  the  same  purpose  as  separate  ves- 

•Vm  BruniV  Journat,  i,  172.     Elli»'«  Jooroal  of  Amhprsfa  EnibHMy.  a?0.    Chinew 
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»!».  The  figure  No.  49,  is  taken  from  the  Grande  Dacriptioti  of  Egvpb 
Plate  3,  Tom.  2,  E.  M.  It  was  sketched  from  one  near  Rosetta,  which  raised 
the  water  nine  feel.  The  liquid  enters  through  openings  in  the  rim,  and 
ii  discharged  from  those  on  the  sides.  The  arrow  shows  the  dirpction  in 
which  it  moves.  The  section  of  part  of  the  rim,  will  render  the  internal 
construction  obvious,  Mr.  P.  S.  Girard,  author  of  the  Memoir  on  the 
Agriculture  of  the  Egyptians,  says  they  are  extensively  used  in  the  Delta, 
the  cog  wheels  being  very  rudely  formed. 

The  tympanum  may  be  considered  as  a  wheel  with  hollow  ipoket, 
while  the  noria,  as  above  constructed,  is  one  with  hoUowJelloet,  aterm  fcy 
which  it  is  designated  in  French  authors;  '  Roue  ajante  creuses,'  aname 
very  expressive,  and  one  which,  in  the  absence  of  information  respecting 
the  construction  of  this  machine,  might  enable  a  mechanic  to  make  ll. 

In  various    parts   of  Asia,  Greece,   Turkey,  Spain,  &c.     Enrtbenware 

Srs  or  pots,  are  secured  to  the  rim  or  side  of  the  wheel,  a.s  in  No.  50. 
very  farm  and  garden  in  Catalonia,  saya  Arthur  Young,  has  such  a  ma- 
chine to  raise  water  for  the  purpose  of  irrigating  the  soil.  They  are  pro- 
pelled  by   horses,  o;  i  -  ■  ■  ■  .     ^      -        . 


altered  from  r 

sometimes   by  men.      In  Spain,  the 
mote  limes.     It  is   there   stiil  moved 
by    means    of     a    device     which 
probably    gave    rise     to     toothed 
wheels. 

In  the  axle  of  the  noria  are   in- 
serted t«-3,   (and   sometimes  four) 
strong  slirks  which  cross  each  oth- 

Ight  angle,,  for  _ 
or  spokes.  The  part  of  (he  shaft 
.  in  which  these  are  fixed,  extendi 
nearly  to  the  cen»r^^  if  tlic  path 
round  which  the  aniiTja!  walks ;  ard 
cont'guous  to  it,  is  (h?  vertical 
shaft  to  which  the  yoke  or  beum 
IS  attached :  the  bottom  of  this  shaft 
has  spokes  inserted  into  it  similar 
to  the  former,  ami  which  lake  hold 
of  them  in  succession,  and  tliereby 
keep  the  wheel  or  noria  in  rota- 
tion. See  No.  50.  This  rude  con- 
trivance is  common  through  nil 
the  east,  and  is  in  all  probability 
identical  with  those  of  the  early 
ages;  in  other  W'Ords,  the  primitive 
(ubstitute  of  the  modern  coe 
PJ^M.  Nwu-nPot^  ^heel. 

In  Besson's  '  Theatre  Des  Instrumens'  is  an  ingenious  device  liy  which 
a  horizontal  shaft  with  four  spokes,  as  in  the  lost  figure,  can  impart  motion 
to  a  vertical  one,  at  any  distance  from  the  centre,  and  thereby  answer  the 
purpose  of  a  number  of  wheels  and  pinions  in  modifying  the  velcciiy  of 
the  machinery,  accordmg  to  the  work  it  has  to  perform,  or  to  an  increase 
or  diminuiion  of  the  motive  force  employed.  On  the  horizontal  shaft, 
(which  is  turned  by  a  crank,)  is  a  eliding  socket  to  which  the  spokes  an.' 
secured.  The  vertical  shaft  has  aUo  a  similar  socket,  which  is  raised  p'd 
lowered  by  means  of  a  screw,  and  to  it,  arras  and  spokes  ai-e  Wull  sec;ir- 
rd.  Tbcse  are  arranged  in  the  form  of  a  flat  cone  ;  so  that  by  adjusting 
•he  sockets,  the  spokes  in  the  horizontal  shaft  can  be  mode  to  take  hold 
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on  those  whi-^h  form  the  cone  round  the  vertical  one  at  any  part,  from  iti 
apex  to  its  base. 

Two  prominent  defects  have  been  pointed  out  in  th«  noria.  First,  part 
of  the  water  escapes  after  bein^  raised  nearly  to  the  required  elevation. 
Second,  a  large  portion  is  raised  higher  than  the  reservoir  placed  to  re- 
ceive it,  into  which  it  is  discharged  after  the  vessels  liegin  to  descend 
(See  No.  49,  in  which  they  are  very  conspicuous.)  Consequently,  part 
of  the  power  expended  in  moving  this  wheel,  produces  no  useful  eifecL 
These  imperfections,  however,  did  not  escape  the  notice  of  ancient  me- 
chanicians, for  to  obviate  thei;i,  the  Persian  wheel  was  devised,  and  sc 
named  from  its  having  been  invented  or  extensively  used  in  that  country. 

The  vessels  in  which  the .  water  is 
raised,  instead  of  being  fastened  to  the 
rim,  or  forming  part  of  it,  as  in  the 
preceding  figures,  are  suspended  from 
pins,  on  which  they  turn,  and  thereby 
retain  a  vertical  position  through  their 
entire  ascent ;  and  when  at  the  top  are 
inverted  by  their  lower  part  coming  in 
contact  with  a  pin  or  roller  attached  to 
the  edge  of  the  gutter  or  reservoir,  as 
represented  in  the  figure.  By  this  ar- 
rangement no  water  escapes  in  rising, 
nor  is  it  elevated  any  higher  than  the 
edge  of  the  reservoir;  hence  the  defects 
in  the  noria  are  avoided.  Persian  wheels 
No. 51.   Peraian  WheeL  it  is  believed,  have  been  used   in   Eu- 

rope ever  since  the  Romans  ruled 
over  it,  if  not  before.  The  greatest  work  in  France  according  to  Arthur 
Young,  tor  the  artificial  irrigation  of  land,  was  a  series  of  them  in   Lan- 

fnedoc,  which  raised  the  water  thirty  feet.  In  a  Dutch  translation  of 
'^irgil's  Georgics  in  1682,  they  are  represented  with  huge  buckets  like 
barrels,  suspended  from  both  sides  of  the  rim.  They  are  common  in 
Switzerland  and  the  Tyrol.  Travels  in  Poland  by  D'Ulanski,  page  241. 
They  were  extensively  used  in  England  one  hundred  and  fifty  years  ago. 
See  Diet.  Rusticum.  Lon.  17i)4.  We  are  not  aware  of  their  being  much 
employed,  if  at  all,  in  the  United  States. 

They  are  common  in  various  parts  of  Asia.  "  The  water  wheels  still 
used  in  Syria,"  says  Mr.  Barrow,  "  differ  only  from  those  of  China,  by 
having  loose  buckets  suspended  at  the  circumference,  instead  of  fixed 
ubes."*  Dr.  Russel,  in  his  *  Natural  History  of  Aleppo,'  (p,  20,)  says  the 
mhabitants  make  use  of  large  quantities  of  water,  "  which  they  raise  with 
the  Persian  wheel,"  from  the  nver.  Perhaps  the  most  interesting  speci- 
mens of  these  machines  extant,  are  to  be  found  in  another  and  very  ancieiit 
city  of  Syria;  in  HamcUh  on  the  Orontes,  so  named  after  its  founder,  one 
of  the  sons  of  Canaan.  "Two  days  journey  below  Homs,  (says  Volney) 
is  Hamath,  celebrated  in  Syria  for  its  water  works.  The  wheels  are 
the  largest  in  the  country,  being  thirty-two  feet  in  diameter."  The  city  is 
built  on  both  sides  of  the  river,  and  is  supplied  with  water  from  it  by 
nieans  of  them,  the  buckets  of  which  empty  themselves  into  stone  acjue- 
ducts,  supported  on  lofty  arches  on  a  level  with  the  ground  on  which  the 
ritv  stands.  They  are  propelled  by  the  current.  Burckhardt  observed  about 
\  nozen  of  them,  the  largest  he  says,  "is  called  Naoura  el  Mahommeydo, 

*  F/r>l»}»5sv  to  China,  Lon.  1806  p.  540 
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and  is  at  least  seventy  feet."*  They  are,  he  remarks,  the  greatest  curiosity 
which  a  modern  traveler  can  find  in  the  city.  Their  enormous  magnitude 
%vill  be  apparent,  if  we  consider  that  the  loftiest  class  of  buildings  in  this 
city,  (N.  York,)  those  of  six  stories,  seldom  exceed  sixty  feet.  If  there- 
fore, ihe  largest  of  the  Persian  wheels  at  Hamath,  were  placed  on  the 
pavement,  with  its  side  towards  a  range  of  such  buildings,  it  would  oc- 
cupy a  space  nearly  equal  to  the  fronts  of  three  of  them,  and  would  ex- 
tend several  feet  over  the  roofs  of  the  highest — and  twelve  of  them  would 
occupy  a  street,  one  sixth  of  a  mile  in  length. 

The  construction  of  the  water  works  of  Hamath  have  probably  re- 
mained unaltered  in  their  general  design,  from  very  remote  times.  The 
p<?culiar  location  of  this  city,  the  rapidity  of  the  rivor,  (named  El  Ausi, 
the  swijl^)  and  its  consequent  adaptation  to  propel  unJershot  wheelsj  which 
we  know,  were  used  in  such  works  by  the  ancients,  render  it  probable 
that  the  present  modn  of  raising  water,  is  much  the  same  as  when  this  city 
flourished  under  Solomon;  and  when  the  Romans  under  Aurelius,  over- 
threw the  queen  of  Palmyra  and  her  army,  in  its  immediate  vicinity;  and 
from  the  great  antiquity  k>\  the  noria,  its  extensive  use  over  all  Asia  in 
former  ages,  and  its  peculiar  adaptation  to  Hamath,  and  the  tenacious  ad- 
herence of  the  orientals  to  the  devices  of  their  fyrefathers ;  we  infe*  that 
the  machines"  which  Burckhardt  beheld  with  admiration,  raising  the  water 
of  the  Orontes,  were  similar  to  others  in  use  at  the  same  city,  when  the 
spies  of  Moses,  searched  the  land,  *  from  the  wilderm;ss  of  Zin  unto  Rehob, 
as  men  come  to  Hamath'^  These  wheels  may  be  ciied  as  another  proof  uf 
the  preseivation,  (by  continual  use)  of  hydraulic  machines,  while  every 
other  memorial  of  the  people  by  whom  they  were  (M*iginally  used,  has 
long  since  disappeared. 

Modes  of  propelling  the  noria. — The  tympanum,  noria,  chain  of 
pots,  and  even  the  screw,  were  often  turned,  according  to  Vitruvius,  by 
the  *  treading'  or  *  walking  of  men,'  i.  e.  except  when  employed  to  raise 
water  from  rapid  streams,  in  which  case  they  were  propelled,  he  says,  by 
the  current  acting  on  float  boards  or  paddles,  as  in  common  under-shot 
wheels.  There  is  a  difference  of  opinion  among  his  translators  respecting 
the  mode  by  which  men  moved  these  machines.  Rivms^  the  translator  of 
the  German  edition  of  1548,  seems  to  have  thought  that  they  walked  round 
nn  upright  shaft,  (as  in  figs.  26  and  53,)which  they  turned  by  horizontal 
bars,  and  by  means  of  cog  wheels  communicated  the  required  motion. 
He  has  also  represented  the  noria  as  moved  by  men  turning  a  crank ;  a 
mode  of  propelling  it  that  is  figured  in  the  first  German  edition  of  Ve- 
getius,  (1511.',  Barbaro,  (1567,)  represents  the  tympanum  as  moved  Sy 
a  crank ;  the  noria  by  a  current  of  water ;  and  the  chain  of  pots,  b^  a 
tread  wheel,  like  the  one  figured  in  No.  24.  Peravlt^  also,  in  his  figure  of 

■Travels  in  3yria,  and  the  Holy  Land.     I.on.  182*2,  p.  146. 

*  There  are  several  interesting  circumstances  recorded  respecting  Hamath.     This  city 
and  Damascus  were  frequently  subject  to  the  Jews.     The  *  land  of*  Hamath,*  was  par- 
ticularly fatal  to  them  and  their  kings.     Zedekiah  was  there  taken,  and  his  sons  and  no- 
bles slain  in  his  presence ;  his  own  eyes  were  then  put  out,  and  he  was  carried  a  captive  to 
Babylon,  wheie  he  died.  Jer.  xxxix,  5.     Pharaoh  Necho  there  put  Jehoahaz,  another  of 
their  kings  in  bonds,  whence  he  was  taken  a  prisoner  to  Egypt,  and  confined  till  liis 
death.    2Kings  xxiii,  34.    Among  ihe  most  interesting  discoveries  of  modern  timet;, 
connected  with  the  ancient  history  of  this  people,  are  sculptured  representations  at 
Thebes,  of  the  Jews  captured  by  Shishak,  with  the  hieroglyphical  inscription.  •  Ju 
bouda  Melee,'  king  of  the  Jews.     From  the  discoveries  of  Voung  and  Champnllion. 
tiie  precision  with  which  the  dates  are  determined,  is  wonderful ;  •  many  of  the  scuId 
nires  have  the  dates  inscribed  to  the  day  and  the  month.'     The  fiirure  of  the  Jewi«r 
king,  is  supposed  to  be  a  correct  portrait,  for  we  are  told  in  those  ai'  tiie  Egyptian  rao 
Darchs,  **  tbe  likenes:>e8  are  always  exactly  preserved." 
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the  tympanum,  places  the  men  in -a  similar  one,  and  this  interpretation  of 
die  text  has  been  generally  followed.  It  is  corroborated  by  other  ancient 
authors,  and  by  Vitruvius  himself,  in  Book  x,  cap.  4,  whore  he  speaks  of 
a  wheel  to  raise  weights,  *  by  tlie  walking  of  men  therein,'  that  is,  the 
common  walking  crane.  P/ulo,  who  was  contemporary  with  Vitruvius, 
or  flourished  shortly  after  him,  mentions  a  wheel  for  raising  water,  which 
was  turned  by  the  motion  of  men's  feet,  *by  their  ascending  successively 
llie  several  steps  that  are  within  it/  Tread  wheels  are  mentioned  also 
by  Suetonius,  and  Strabo  speaks  of  some  for  raising  the  water  of  the  Nile, 
which  were  moved  by  a  hundred  and  fifty  slaves.  Mr.  Xewton,  the  En- 
glish translator,  supposed  the  men  walked  on  the  outitide  of  the  wheel, 
like  the  modem  tread  mill.  It  is  very  probable  that  this  mode  was  in 
use  among  the  ancients,  for  it  is  common  in  Persia  and  other  oriental 
countries,  particularly  China,  where  it  is  undoubtedly  of  great  anticjuity. 
Barbaro  has  figured  the  screw,  as  propelled  by  men  pulling  down  spoke« 
Dn  the  periphery  of  a  wheel  attached  to  it,  or  by  treading  on  them. 

About  eighteen  years  ago,  a  person  in  this  city,  (N.  York,)  took  out  a 
patent  for  employing  animals  to  propel  such  wheels.  A  horse  was  placed 
near  the  top  and  yoked  to  a  horizontal  beam  fixed  behind,  and  against 
which  he  drew.  In  January,  1795,  a  Mr.  Eckhardt  obtained  a  patent  in 
England  for  *A  Method  of  applying  Animals  to  Machinery  in  general* 
His  plan  was  to  employ  cattle  and  all  other  bulky  animals  to  walk  on  the 
lop  of  large  wheels;  he  also  proposed  a  flexible  floor,  like  an  endless  chain 
which  passed  over  two  wheels,  and  formed  an  inclined  plane  on  which 
animals  walked,  and  to  increase  the  effect,  they  drew  a  loadt»d  cart  bc' 
hind  them.*  Sixty  years  before  this,  viz.  in  1734,  Mr.  W.  Churchman 
exhibited  before  the  Royal  Society,  a  model  of  *A  new  Engine  for 
raising:  VVater,  in  which  Horses  and  other  Animals  draw  without  any  loss 
of  power.*  This  engine  was  a  series  of  pumps  worked  by  a  large  tread 
wheel,  on  the  top  of  which  horses  were  made  to  draw  against  a  beam  to 
which  they  were  yoked.  He  also  proposed  to  employ  horses  at  the  same 
time  within  the  wheel.**  But  the  contrivance  was  even  then  an  old  one,  for 
in  Agricola,  a  horse  is  figured  imparting  motion  to  bellows  by  walking 
upon  a  tread  wheel.* 

There  is  a  passage  in  the  second  chapter  of  the  Koran,  which  throws 
some  light  on  the  early  employment  of  animals  in  raising  water.  Among 
the  ancients,  it  was  a  prevailing  custom  when  they  sacrificed  an  ox,  or  a 
heifer,  to  select  such  as  had  never  been  broken  to  labor  :  hence  the  direc- 
tion of  the  Sibyl  to  Eneas. 

Seven  bullocks  ifet  unyoked^  for  Phcebus  choow, 
And  for  Diana,  seven  unspotted  ewea. 

The  Israelites  also,  were  instructed  to  offer  "  a  red  heifer  without  sjiot 
wherein  is  no  blemish,  and  upon  which  never  came  yoke,*^  "  An  heifer 
which  hath  not  been  wrought  with,  and  which  hath  not  drawn  in  the  yoke.*' 
One  which,  according  to  Mahomet,  was  "  not  broken  to  plough  the  earth, 
ar  WATER  the  field**  Now  this  interpretation  is  not  only  consistent  with 
the  text  of  Moses,  but  is  exceedingly  probable,  for  the  Arabs  have  un- 
doubtedly preserved  with  their  independence  and  ancient  habits,  traditions 
of  numerous  transactions  referred  to  in  the  Pentateuch,  the  particulars  of 
which  are  not  recorded  ;  besides  it  indicates,  what  indeed  might  have 
been  inferred  :  viz.  that  the  principal  erpployment  of  animals  in  the  early 
ages,  was  to  plough  and  irrigate  the  soil.     But  when  in  process  of  time. 
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nunian  population  became  dense,  then  animal  labor  was  in  some  degiH^e 
supei-seded  by  that  of  man.  The  extensive  employment  of  the  latter 
appears  to  have  been  a  prominent  feature  in  the  political  economy  of  an- 
cient Egypt,  just  as  it  is  in  modem  China.  As  the  country  teemed  with 
inhabitants,  the  extensive  ase  of  animal  labor  would  not  only  have  inter- 
fered  with  the  means  of  the  great  mass  of  the  former  in  obtaining  a  livingr. 
but  would  have  required  too  large  a  portion  of  the  land  to  raise  food 
merely  for  the  latter.  __. 

The  antiquity  of  the  noria  may  be  inferred  from  its  name  of  "  Egyptian 
wheel,"  the  only  one  by  which  it  was  known  in  some  countries.  It  is  to 
be  found  if  we  mistake  not,  among  the  symbols  of  ancient  mythology, 
[n  elucidating  one  of  the  religious  precepts  of  Numa,  which  required 
persons  when  worshipping  in  the  temples,  to  turn  rouml ;  Plutarch  ob- 
serves, that  this  change  of  posture  may  have  an  enigmatical  meaning,  "  like 
the  Egyptian  wheels,  admonishing  us  of  the  instability  of  every  thing 
human,  and  preparing  us  to  acquiesce  and  rest  satisfied  with  whatever 
turns  and  changes  the  divine  being  may  allot."  Life  of  Numa.  This 
figurative  application  of  the  noria,  is  obviously  used  by  Plutarch  as  a  com- 
mon and  consequently  a  long  established  symbol  of  the  mutability  of  human 
affairs  ;  and,  as  the  sentiment  which  he  illustrates  by  it,  Is  precisely  the 
iaine  as  that  which  the  wheel  of  the  goddess  of  fortune  was  designed  to 
point  out,  the  "  instability  of  fortune,"  and  of  which  it  was  the  emblem, 
we  conclude  that  the  "  wheel  of  fortune,"  was  a  water  wheel,  and  no  oth- 
er than  the  noria  ;  and  that  to  it,  the  Grecian  philosopher  in  the  above 
passage  referred.  The  selection  of  an  Egyptian  wheel  to  denote  the  mu- 
tability of  human  affairs,  indicates  the  origin  not  only  of  Plutarch's  simili- 
tude, but  also  that  of  the  fable  of  the  goddess.  Egypt  was  the  source 
whence  the  Greeks  obtained  not  only  their  arts  and  science,  but  also  their 
mythology,  with  its  deities,  heroes  and  its  mysterious  system  of  symbolical 
imagery ;  and  if  the  Egyptians  were  not  the  inventors  of  the  system  of 
representing  and  concealing  things  by  symbols,  they  certainly  carried  it  to 
a  greater  extent  than  any  other  people,  and  at  a  period  long  before  the 
Greeks  had  emerged  from  barbarism,  or  an  Egyptian  colony  had  settled 
in  their  country. 

Although  we  are  not  aware  that  the  whed  of  fortune  had  any  other 
signification,  yet,  as  the  same  goddess  presided  over  riches  and  abund- 
ance—a  more  expressive  emblem  of  these  in  Egypt  could  not  have  been 
devised.  Agriculture  was  the  grand  source  of  wealth  in  that  country, 
and  it  depended  almost  entirely  upon  artificial  irrigation,  for  except  dur- 
ing the  annual  inundation  of  the  Nile,  water  was  raised  for  that  purpose 
ny  machines,  and  among  these,  the  nor.a  was  one  of  the  most  prominent, 
and  probably  one  of  the  most  ancient.  Egypt  without  irrigation  would 
!iave  been  a  dreary  waste,  and  like  its  neighboring  deserts  uninhabited  by 
man;  but  by  means  of  it,  the  soil  became  so  exceedingly  fertile  that 
Egypt  became  "the  garden  of  the  east," — the  "  hot  bed  of  nature,"  and 
the  **  granary  of  the  world."  It  was  artificial  irrigation  which,  under  the 
Pharaohs,  produced  food  for  seventeen  millions  of  inhabitants,  and  in  the 
reign  of 'Rameses  or  Sesostris,  a  surplus  sufficient  for  thirty-three  millions 
more ;  and  even  under  the  Grecian  yoke,  when  its  ancient  glory  had  lonff 
departed,  the  prodigious  quantities  of  grain,  which  it  produced,  enabled 
Ptolemy  Philadelphus;  to  amass  treasure  equal  to  nine  hundred  and  fifty 
millions  of  dollars.  There  was  therefore  a  peculiar  propriety,  whether 
designed  or  not,  in  the  goddess  of  "  prosperity,"  "  riches,"  and  "  abund- 
ance," being  accompanied  with  the  noria  or  Egyptian  wheel,  the  imple* 
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oient  which  contributed  so  greatly  to  produce  them.  The  manner  ni 
which  this  deity  was  sometimes  i*epresented,  appears  to  have  had  direct 
reference  to  agriculture  and  irrigation.  She  was  seated  on  rocks,  (em- 
blems of  sterility  X)  the  wheel  by  her  side  and  a  river  at  her  feet,  (to  sig- 
nify irrigation?)' and  she  held  wheat  ears,  and  flowers  in  her  hand.  But 
whether  the  ancient  Egyptians  adopted  the  noria  or  not,  as  the  emblem 
of  wealth  and  irrigation,  one  of  their  most  favorite  symbols  has  direct 
reference  to  the  latter,  and  indirectly  to  the  former:  viz.  the  sphinx; 
figures  of  which  have  been  found  among  the  ruins,  from  one  end  of  the 
country  to  the  other.  This  figure  consists,  as  is  universally  known,  of  the 
the  head  and  breasts  of  a  woman,  united  to  the  body  of  a  lion,  and  was 
8y*mbolical  of  the  annual  overflow  of  the  Nile,  which  occurred  when 
the  sun  passed  through  the  zodiacal  signs,  Leo  and  Virgo — hence  the 
combination  of  these  signs  in  the  Sphinx,  as  an  emblem  of  that  general 
irrigation  of  the  land  once  a  year,  upon  which  their  prosperity  so  greatly 
depended.  This  was  the  origin  of  passing  streams  of  water  through  the 
mouths  of  figures  of  lions,  and  sometimes,  though  more  rarely,  of  virgins,  as 
in  the  figures  below — which  are  taken  from  Rivius'  translation  of  Vitruvius 


No.  53.    Orifices  of  Pipes,  &c  symbolicui  of  IrngaCion. 

The  analogy  between  the  form  and  ornaments  of  an  object  and  its  uses, 
seems  to  have  always  been  kept  in  view  by  the  ancients ;  although,  from 
our  imperfect  knowledge  of  them,  it  is  difficult  and  sometimes  impossible 
lo  perceive  it.  That  they  displayed  unrivaled  skill  in  some  of  their  de- 
signs and  decorations  is  universally  admitted.  There  is  certainly  no  na- 
tural analogy  between  a  lion  and  a  fountain,  and  lio  obvious  propriety  in 
making  water  to  flow  out  of  the  mouths  of  figures  of  these  animals ;  on 
the  contrary,  tliey  appear  to  be  very  inappropriate ;  but  when  we  learn 
that  the  lion  as  an  astronomical  symbol,  was  intimately  associated  with  a 
great  natural  hydraulic  operation,  of  the  first  importance  to  the  welfare 
of  the  Egyptians,  we  perceive  at  once  their  reasons  for  transferring  figures 
of  it  to  artificial  discharges  of  the  liquid,  and  hence  the  orifices  of  cocks, 
pipes,  and  spouts  of  gutters,  fountains,  &c.  were  decorated  as  above.  In 
some  ancient  fountains,  figures  of  virgins,  as  nymphs  of  springs,  leaned 
upon  urns  of  running  water.  In  others,  yases  overturned^  (with  figures 
of  Aquarius,  Oceanus,  &c.)  a  beautiful  device.  Lions'  heads  for  spouts 
are  very  common  in  Pompeii. 

There  is  another  ancient  emblem,  and  one  that  is  universally  admired, 
which  may  here  be  noticed,  as  its  origin  is  associated  with  ariificial  irri^ 
gation — the  Cornucopia,  or  *  Horn  of  Abundance.*  This  elegant  symbol 
is  probably  of  Egyptian  origin,  for  Isis  was  sometimes  represented  with 
It,  and  /m,  in  the  Egyptian  language,  signified  the  'cause  of  abundance.' 
We  have  already  seen  that  irrigation  was  and  still  is,  the  principal  source 
of  plenty  in  Egypt;  and  water  in  the  scriptures  is  repeatedly  used  in  the 
same  sense.  To  understand  the  allegory,  it  must  be  borne  in  mind  tha 
rivers  were  anciently  compared  to  hulls;  the  reasons  for  which  at  this  re 
mote  peiiod,  are  not  very  obvious  ;  perhaps  among  others,  from  the  noiff; 


120  Medea:     Ancient  Vapor  Batlis,  [Book  L 

of  rapid  t  reams,  bearing  some  resembance  at  a  distance,  to  the  lowing 
and  bellowing  of  these  animals ;  and  the  branches  of  rivers  were  com- 
pared to  their  horns ;  thus,  the  small  branch  of  the  Bosphorus,  which 
torms  the  harbor  of  Constantinople,  still  retains  its  ancient  name  of  the 
'  Golden  Horn ;'  and  in  some  of  our  dictionaries,  *  winding  streams*  is 
given  as  one  of  the  definitions  oi  hems.  The  bull  which  is  common  on 
some  Greek  coins  is  supposed  to  have  been  the  symbol  of  a  river,  per- 
liaps  from  the  overflow  of  some,  when  the  sun  pa^ssed  through  the  zodiacal 
sign  Taurus.  According  to  the  Greek  version,  one  of  the  branches  of  the 
river  Achdotis  in  E  pirns,  was  diverted  or  broken  off  by  Hercules,  to  irri- 
gate some  parched  lane  in  its  vicinity.  This,  like  other  labors  of  that 
hero,  was  allegorized  by  representinjo  him  engaged  in  conflict  witli  a  bull, 
(Achelous)  whom  he  overcame,  and  broke  off'  one  of  his  horns;  and  this 
horn  being  filled  with  fruits  and  flowers,  was  emblematical  of  the  subse 
qtcent  fertility  of  the  soil.     Ovid  describes  the  contest,  when  that  hero 

'twizt  nge  and  scorn. 

From  his  maimed  front,  he  tore  the  atuiiborn  horn, 
This,  heap'd  with  flowers  and  fruits,  the  Naiads  bear, 
Sacred  to  plenty,  and  the  bounteous  year. 

But  Achelous  in  his  oozy  bed 

Deep  hides  his  brow  deform'd,  and  rustic  head, 

No  real  wound  the  victor's  triumph  show'd, 

But  his  lost  honors  griev'd  the  watery  god.     Mel.  ix. 

I'hus  river  gods  were  soTi\M>uaes  represented  with  a  cornucopia  in  one 
hand,  and  the  other  resSrg  on  a  ''ase  of  flowing  water. 

Another  interesting  luiogory  of  the  ancients  has  reference  to  water  i 
the  fable  of  Medea,  who  it  was  said,  by  boiling  old  people,  made  them 
young  again,  referred  to  warm  or  /apor  baths,  which  she  invented,  and  into 
which  she  infused  fragrant  herbs — in  other  woios,  the  'patent  medicated 
vapor  baths'  of  the  present  day.  She  also  possessed  the  art  of  changing 
the  color  of  the  hair.  When  therefore,  by  her  lamentations,  persons  ap- 
peared more  active  and  improved  in  health,  and  their  grey  hairs  changed 
mto  ringlets  of  jet,  the  belief  in  her  magic  powers  became  irresistible — 
and  when  at  length,  her  apparatus,  i.  e.  the  cauldrons^  wood  and  fire^  i^. 
were  discovered,  (which  she  had  sedulously  concealed,)  it  was  supposed 
that  her  patients  were  in  reality  boiled.  From  Ovid,  it  seems  she  had  the 
modern  sidphur  bath  also,  and  used  it  in  the  cure  of  -^son,  tho  father  of  her 

husband  Jason : 

the  sleeping  sire. 

She  lustrates  thrice  with  sulphur,  water,  fire. 

•  •  «  •  • 

His  feeble  frame  resumes  a  youthful  air, 
A  glossy  brown,  his  hoary  beard  and  hair. 
The  meagre  paleness  from  his  aspect  fled 
And  in  its  room  sprang  up  a  florid  red.    Met.  vii. 

This  lady  wsls  the  great  patroness  of  herb  and  steam  doctors  >  old  ;  ani 
may  be  considered  the  ancient  representative  of  modern  manufacturers  of 
specifics,  which,  as  they  allege,  (and  often  truly)  remove  all  diseases.  Tlie 
fable  of  her  slaying  her  own  children  in  the  presence  of  Jason,  is  easily 
explained  by  ht  r  administering  to  them  the  wrong  medicine,,  or  too  large 
a  dose  of  the  right  one ;  the  latter  was  certainly  the  case  witli  old  Pclias 
who  expired  under  it. 

Having  noticed  in  this  chapter  the  supposed  origin  of  cog-wheels,  we 
may  as  well  introduce  here  an  ancient  mechanic,  to  whom  we  shall  have 
occasion  hereafter  to  allude ;  one,  whose  name  is  intimately  associated 
with  the  most  valualile  machines  for  raising  water,  and  with  several  ini 
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Doitant  improvements  in  the  mechanic  arts.  As  the  earliest  d'sti net  notice 
•jf  cog-wheels  is  in  the  description  of  one  of  his  machines,  (see  the  clep- 
sydra, page  547,)  we  may  as  well  introduce  him  to  the  reader  at  this 
part  of  our  subject,  although  we  have  not  yet  in  the  progress  of  our 
work,  arrived  at  the  period  at  which  he  flourished. 

During  the  reign  of  Piolemy  Philadelphus  over  Egypt,  an  E;^yptian 
barber  pursued  his  vocatioi.  in  the  city  of  Alexandria.  Like  all  professors 
of  that  ancient  mystery,  he  possessed  besides  the  inferior  apparatus,  the 
two  most  essentia*  impltmenle  of  all :  a  razor  and  a  looking  glass,  or 
mirror,  probably  a  metallic  one.  'ihis  mirror,  we  are  informed,  was  sus- 
pended from  the  ceiling  of  his  shoi>  and  balanced  by  a  weight,  which 
moved  in  a  concealed  case  in  ont  corner  of  the  room.  Thus,  when  a 
customer  had  undergone  the  usual  purifynig  operations,  he  drew  down 
the  mirror,  that  he  might  witness  the  improvement  which  the  artist  had 
wrought  on  his  outer  man ;  and,  like  Otho, 

In  the  Speculum  survey  hia  charms     Juv.  Sat.  ii. 

after  which  he  returned  it  to  its  former  position  for  the  use  of  the  next 
custoir*er.»  It  would  seem  that  the,  case  in  which  the  weight  moved  was 
enclosed  at  the  bottoui,  or  ptetty  accurately  made,  for  as  the  weight 
moved  in  it,  and  displaced  tht,  air>  a  certain  sound   w&s  produced,  either 


^Metallic  mirrors  furnish  one  of  the  best  proofs  of  skill  in  working  the  metnls  in  the 
remotci«t  times,  for  their  antiquiiy  extends  beyond  all  records.  In  the  first  i^ges  of  his- 
tory they  are  mentioned  as  in  common  use.  The  brazen  laver  of  the  Tabernacle, 
was  made  of  tne  mirrors  of  the  Israelitien  women,  which  they  carried  with  them  out  of 
Egypt.  From  some  found  at  Thebes,  as  well  as  representations  of  others  in  the  sculp- 
tnres  and  painiings.  we  see  at  once  that  these  'looking  glasses/  (as  they  are  called  m 
Exodus.)  were  similar  to  those  of  Greek  and  Roman  ladies  :  viz.  round  or  oval  plates 
of  metal,  from  three  to  six  inche.s  in  diameter,  and  having  handles  of  wood,  stone  and 
metal  highly  ornamented  and  of  various  forms,  according  to  the  taste  of  tlie  wearer. 
Some  have  been  found  in  Egypt  with  the  lustre  partially  preserved.  They  are  com- 
posed of  an  alloy  of  copper,  and  antimony  or  tin,  and  lead ;  and  appear  to  have  been 
Carried  about  the  person,  secured  to,  or  suspended  from  the  girdle,  as  pincushions  and 
scisBors  were  formerly  worn  and  are  so  still  by  some  antiquated  ladies.  The  Greeks 
and  Romans  had  them  also  of  silver  and  of  steel.  Some  of  the  latter  were  found  in 
Herculaneum.  Plutarch  mentions  mirrors  enclosed  in  very  rich  frames.  Among  the 
articles  of  the  toilet  found  in  Pompeii,  are  ear-rings,  golden  aitd  common  pins,  and 
several  metallic  mirrors.  One  is  round  and  eight  inches  In  diameter,  the  otlier  an  ob 
long  square.  They  had  them  with  plane  surfaces,  and  also  convex  and  concave.  Se 
neca  says  his  coimtry women  had  them  also,  equal  in  length  and  breadth  to  a  full  grown 
person,  superbly  decorated  with  gold  and  silver,  and  precious  stones.  Their  luxiury  in 
this  article,  seems  to  have  been  excessive,  for  the  cost  of  one  oflen  exceeded  a  mo- 
derate fortune.  The  dowry  which  the  Senate  gave  the  daughter  of  Scipio,  according 
to  Seneca,  would  not  purchase  in  his  time,  a  mirror  for  the  daughter  of  a  freedman. 
The  Anglo- Saxon  dames  had  portable  metallic  mirrors,  and  wore  them  suspended  from 
the  waist.  It  is  not  a  litle  singular  that  the  ancient  Peruvians  had  them  also,  formed  of 
silver,  copper  and  its  alloys,  and  also  of  obsidian  stone.  They  had  them  plane,  convex, 
and  concave.  Had  not  the  art  of  making  these  mirrors  been  revived  in  the  speculums 
of  reflecting  telescopes,  their  lustre  could  hardly  have  been  appreciated;  and  they 
would  probably  have  been  considered  as  indifferent  substitutes  for  the  modern  looking- 
flass.  These  last  are  supposed  to  have  been  manufactured  in  ancient  Tyre,  and  >»f  a 
black  colored  glass.  Fluid  lead  or  tin  was  afterwards  used.  It  was  poured  on  tho 
plates  while  they  were  hot  from  tlie  fire,  and  being  suffered  to  cool,  formed  a  back 
which  reflected  \ha  image.  Looking-glasses  of  this  description  were  made  in  Venice, 
in  the  13th  centur;^.  It  was  not  till  about  the  16th,  that  the  present  mode  of  coating  the 
back  with  quicksilver  and  tin  foil  was  introduced.  The  inventor  is  not  known. 
Venus  was  sometimes  represented  with  a  speculum  m  one  hand,  and  the  astronomical 
symbol  of  the  planet  Venus  is  the  figure  of  one.  There  is  a  cheruical  examination* 
of  an  ancient  speculum  in  the  17th  volume  of  Tilloch's  Phil.  Mag. 

Barbers  flourished  in  the  mythologic  ages,  for  Apollo  having  prolonged  the  ears  of 
Ifidas  to  a  length  resembling  those  of  a  certain  animal,  the  latter  it  is  said,  endeavored 
lo  hide  nis  disgrace  by  his  hair,  but  found  it  impossible  to  conceal  it  from  his  barber 
BronM  razors  were  ancieutlv  common. 
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by  Its  I  expulsion  through  some  small  orifice,  or  hy  its  escape  between  the 
Bides  of  the  case  and  the  weight.  This  sound  had  probably  remained 
unnoticed  like  tbe  ordinary  creaking  of  a  door,  perhaps  for  years,  until 
one  day  as  the  barber's  son  was  amusing  himsell'  in  his  father's  shop,  his 
attention  was  arrested  by  it.  This  boy's  subsequent  reflections  induced 
him  to  investigate  its  cause  ;  and  from  this  simple  circumstance,  he  was 
led  eventually  either  to  invent,  or  greatly  to  improve  the  hydraulic  organ, 
a  musical  instrument  of  great  celebrity  in  ancient  tint's.  His  ingenuity 
and  industry  were  so  conspicuous,  that  he  was  named  *  The  Delighter  ip 
Works  of  Art.*  His  studies  in  various  branches  of  natural  philosophy, 
were  rewarded  it  is  said,  with  the  discovery  of  the  pump,  air-gun,  fire-en- 
gine, &c.  He  also  greatly  improved  the  clepsydra  or  water-clock,  in  the 
construction  of  which  he  introduced  toothed  wheels,  and  even  jetceled 
Itoles.  Vitruvius,  ix,  9.  These  ancient  time-keepers,  were  therefore  the 
origin  of  modern  clocks  and  watches.  Now  this  bu  ber's  son  is  the  indi- 
vidual we  wish  to  introduce  to  the  reader,  as  CxEsib  us  of  Ai.kxanuria, 
one  of  the  most  eminent  mathematicians  and  mechanicians  of  antiquity-— 
one,  whose  claims  upon  our  esteem,  are  not  surpassed  by  those  of  any 
other  individual,  ancient  or  m-jdem. 

It  will  be  perceived  that  tha  simple,  the  trivial  sound  produced  by  the 
descent  of  the  weight  in  his  father  s  shop,  was  to  him,  what  the  fall  of  the 
apple  was  to  Newton,  and  the  vibration  of  the  ia.np  or  chandelier  in  the 
cjiurch  at  Pisa,  to  Galileo.  The  cirfvimstance  presents  another  to  the  nu- 
merous proofs  which  might  be  adduced,  that  inquiries  into  the  causes  of 
the  most  trifling  or  insignificant  of  physii'.al  eff*ects,  are  sure  to  lead,  di- 
rectly or  indirectly,  to  important  results — while  to  yo'ing  men  especially, 
it  holds  out  the  greatest  encouragement  to  occjpy  their  leisure  in  useful 
researches.  It  shows,  that  however  unpropitio;is  their  circumstances  may 
be,  they  may  by  industrious  application,  become  distinguished  in  science, 
and  may  add  their  names  to  those  of  Ctesibius  and  Franklin,  and  many 
others — immortal  examples  of  the  moral  grandeur  of  irrepressible  per- 
severance in  the  midst  of  difficulties. 


CHAPTE  R    XV. 

THE  CHAIN  OF  POTS— Iti  origiB— Used  in  Joaeph**  well  at  Cairo— Numeroiu  in  Egyptr^Attempt  M 
Balzoni  to  raponede  ll  and  the  noria— Chain  of  poU  of  the  Romani,  Hiodoo*.  Japanese,  and  Earopeaoa^ 
Described  by  Af  ricols — Spanish  one— Modern  on^— Applications  of  it  to  other  purposes  than  raising 
irater-rEmployed  as  a  first  mover  and  sulMtitute  for  ovenhot  wheels— Fraocini's  machine— Antiquity  of 
the  chain  cf  pots— OHen  confounded  with  the  noria  hy  ancient  and  modern  authors— Introduced  into 
Greece  by  Danaus— Opiiiious  of  modern  writers  on  its  antiquity— Referred  to  by  Solomon — ^Babylonian 
•ttgine  that  raised  tho  water  of  the  Euphrates  to  supply  the  hanging  gardens — Rope  pump— Hydraulic 
BelL 

• 

The  tympanum  and  noria  in  all  their  modifications,  have  been  consider 
ed  as  originating  in  the  gutter  or  jantu,  and  the  swape  ;  while  the  ma- 
chine we  are  now  to  examine  is  evidently  derived  from  the  primitive  cord 
and  bucket.  The  first  improvement  of  die  latter  was  the  introduction  of 
a  pulley  (No.  11)  over  which  the  cord  was  directed — the  next  was  the  ad- 
dition of  another  vessel,  so  as  to  have  one  at  each  end  of  the  rope,  (Nos. 
13  and  1  i)  and  the  last  and  most  important  consisted  in  uniting  the  ends 
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of  the  rope,  and  securing  to  it  a  number  of  vessels  it  equal  distance* 
through  the  whole  of  its  length — and  the  chain  of  pots,  was  the  result. 

The  general  construction  of  this  machine  will  appear  from  an  examin- 
ation of  those  which  are  employed  to  raise  water  from  Joseph *s  well 
at  Cairo,  represenr«^d  at  page  46.  Above  the  mouth  of  each  shaft  a 
vertical  wheel  is  placed ;  over  which  two  endless  ropes  pass  and  are  sus- 
pended from  it.  These  are  kept  parallel  to,  and  at  a  short  distance  from 
each  other,  by  rungs  secured  to  them  at  regular  intervals,  so  that  when 
thus  united,  they  form  an  endless  ladder  of  ropes.  The  rungs  are  some* 
times  of  wood,  but  more  frequently  of  cord  like  the  shrouds  of  a  ship, 
and  the  whole  is  of  such  a  length  that  the  lowest  part  hangs  two  or  three 
feet  below  the  surface  of  the  water  that  is  to  be  raised.  Between  the 
rungs,  earthenware  vases  (of  the  form  figured  No.  7)  are  secured  by  cords 
round  the  neck,  and  also  round  a  knob  formed  on  the  bottom  for  that  pur- 
pose. See  A,  A,  in  the  figure.  As  the  axis  of  the  two  wheels  are  at 
right  angles  to  each  other,  two  separate  views  of  the  chains  are  repre- 
sented. In  the  lower  pit,  both  ropes  of  one  half  of  the  chain  is  seen  ; 
while  in  the  upper,  the  whole  length  of  one  is  in  view.  The  vases  or 
pots  are  so  arranged  that  in  passing  over  ^he  wheel,  they  fall  in  between 
the  spokes  which  connect  the  two  sides  of  the  latter  together,  as  shown  in 
the  section ;  and  when  they  reach  the  top,  their  contents  are  discharged 
into  a  trough.  [In  some  machines  the  trough  passes  under  one  rim  which 
is  made  to  project  for  that  purpose;  in  others,  it  is  placed  below  the  wheel 
and  between  the  chains.]  There  are  in  the  upper  pit,  one  hundred  and 
thirty-eight  pots  and  the  distance  from  each  other  is  about  two  feet  seven 
inches.  The  contents  of  each  are  twenty  cubic  inches.  The  wheels  that 
carry  the  chains  are  six  feet  and  a  half  in  diameter.  They  are  put  in  mo- 
tion by  cog  wheels  (on  the  opposite  end  of  their  axles)  working  into  oth- 
ers that  are  attached  to  the  perpendicular  shafls  to  which  the  blindfolded 
animals  are  yoked. 

The  chain  of  pots  in  Egypt  is  named  the  Sakia.  Its  superiority  over 
the  noria  and  tympanum,  &c.  in  being  adapted  to  raise  water  from  every 
depth,  has  caused  it  to  be  more  extei.sively  employed  for  artificial  irriga- 
tion than  any  other  Egyptian  machine — Whence  it  is  to  be  seen  in  operation, 
all  along  the  borders  of  the  Nile,  from  it9  mouth  up  to  the  first  cataract. 
In  Upper  Egypt,  and  Nubia,  they  are  so  exceedingly  numerous  as  to  oc- 
cur every  hundred  yards  ;  and  in  some  cases  they  are  not  forty  yards  apart. 
Their  numbers  and  utility  have  rendered  them  a  source  of  revenue,  for  we 
are  informed  that  each  sakia  is  taxed  twenty  dollars  per  annum,  while  the 
swape  is  assessed  at  half  that  amount.  Thev  are  also  common  in  Abys- 
sinia. They  were  noticed  there  by  Poncet  m  1698.  When  Sandi/s  was 
in  Egypt,  A.  D.  1611,  the  great  number  of  sakias  did  not  escape  his 
observation :  "  Upon  the  banks  all  along  are  infinite  numbers  of  deepe 
and  spacious  vaults  into  which  they  doe  let  the  river,  drawing  up  the  wa- 
ter into  higher  cesterns,  with  wheeles  set  round  with  pitchers,  and  turned 
about  by  buffaloes.'*     Travels,  page  118. 

An  attempt  was  made  some  years  ago  by  an  enterprising  European  to 
supersede  the  employment  of  diese  machines  in  Egypt,  which  on  account 
of  the  interesting  circumstances  connected  with  it  may  here  be  noticed. 
In  the  latter  part  of  the  last  century  an  intelligent  young*  man  of  Padua 
was  designed  by  his  parents  for  a  monk,  and  was  sent  to  Rome  to  receive 
an  appropriate  education.  His  inclination  however  led  him  to  prefer  the 
study  of  natural  philosophy  to  that  of  theology,  and  particularly  hydrau- 
lics. Upon  the  invasion  of  Italy  and  capture  of  Rome  by  the  French,  he 
wfkr  dered  over  various  parts  of  Europe, supporting  himseU*  by  p^jblicly  per* 
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forming  feato  of  sgilily  arnJ  sireiiglh,  and  by  scientific  exhibitions.     Afle* 

roving-  thus  for  fifteen  years,  he  delcriniaed  to  visit  Egypt,  under  l}it!  belie! 
(bathe  wojlil  .naSce  his  lb  rlune  there  by  introtl-_  "nif  raati'Tinryoii  tlieprin 
ciple  of  the  pump,  aa  subslitiites  for  the  noria  and  r.hair.  c;'  pots,  fee.  la 
June  1815,  he  landed  at  Alexandria,  ai.J  after  some  je lay  wag  introdu- 
ced to  Makommed  Ali,  {[he  pruseiit  Faslia,)  who  approved  of  liis  project, 
ii."d  in  whose  gardens  at  So ^bra,  three  miles  from  Cairo,  he  constructed 
h>s  machine.  But  no  sooner  vas  :t  comp'.eted  and  put  in  opf^ratior  than 
he  discovered  in  tlie  Turkish  and  Arabic  iiullivators  an  unconquerable  o[>- 
positionto  its  introduction.  Indeed  this  result  might  liave  been  anticipa- 
ted and,  if  we  are  not  mistaken,  they  were  right  in  pi-eferring  their  own 
simple  apparatus  to  an  elaborate  machine,  of  tlie  principle  of  whose  action 
tliey  were  utterly  ignorant.  Their  rejection  of  it  was  looked  upon  as  an- 
'  mple  of  superstitious  adherence   to  the  imperrect   niechar' 
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s  ibatthe  Uomane  made 
ilurable  materials   than  either  the   an- 
-cient  or  modern  people  of  Asia.     "But 
if  a  place  of  still  greater  briglit  (diac 
could  be  reached  by  the  noria)  is  to  be 
supplied  ;  on  the  same  axis  of  a  wheel, 
a  double  chain  of  iron  is  wound  and  let 
down  to  the  level  of  the  bottom  ;   hav- 
;  brast  bvckcU,    each   containing  a 
igius  (seven  pints)  hanging  thereto, 
so  that  upon  the  turning  of  the  wheel, 
the   chain   revolving   round    the    axii 
1   the   buckets  to  the  lop  ;    which 
when  drawn  upon  the  axis,  become  in- 
verted and  pour  into  the  reservoir  the 
water  they   have   brought."      Book  x. 
Cap.  9,  Newton's   Tr^ns.     As   no   re- 
J  ference  is  made  to  the  form  of  the  ves- 
sels, by  Vitruvius,  we  find  them  repre- 
sented  by  translators   in   a  variety  of 
shapes,  as  cylinders,  cubes,   truncated 
cones,  pyramids,  as  well  as  portions  of, 
and  combinations  of  them  all.     Some 
are  left  open  at  the  top,  hnd  both  wilfa 
~  and  without  projecting  lips  in  front,  by 
which  to  shoot  the  contents  over  the 
edge  of  the  reservoir  as  they  pass  the 
wheel    or    drum.     Others    are  dosi-d, 
water  through  an  oi'ifice  or  short  tube   as   re- 
n  the  separate  -"gure  of  one  of  tlie  vessels  I' 
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will  be  spen  that  the  tubes  are  placed  at  the  upper  corner,  and  consequent 
ly  retatJi  the  water  till  the  vessels  ascend  the  drum,  when  it  is  discharged 
as  represented.  Provision  should  be  made  for  the  escape  of  air  from 
those  vessels,  as  they  enter  the  water,  and  also  for  its  admission  on  the 
discharge  of  the  liquid  above.  The  wheel  or  drum  which  carries  the 
chain  is,  in  this  f:gure,  solid,  and  cut  into  a  hexagonal  form  to  prevent  it 
from  Rli])ping. 

There  is  also  in  old  authors  a  great  diversity  in  the  construction  of  the 
chains,  and  also  in  their  number.  Somu  understand  bv  the  term  *  double 
zliatn^  merely  a  simple  one  doubled  and  its  ends  united  ;  i.  e.  one  whose 
length  is  equal  to  double  the  space  through  which  the  water  is  to  be  ele- 
vated by  it.  Others  suppose  two  separate  ones  intended  and  placed  par- 
allel to  each  other,  the  vessels  being  connected  to  them  as  in  the  figure. 
Others  again,  and  among  them  Barbaro,  figure  two  sets  of  chains  and  pots 
carried  by  the  same  wheel.  He  has  also  made  them  pass  under  pulleys 
in  the  water,  a  useless  device,  except  when  the  chains  are  employed  in  an 
inclined  position. 

The  chain  of  pots  is  mentioned  by  most  oriental  travelers,  although  de- 
scribed by  few.  In  Terr//*  voyage  to  India  in  161 15,  speaking  of  the 
tanks  and  wells  of  the  Hindoos,  be  observes,  "  they  usually  cover  thop^ 
wells  with  a  building  over  head,  and  with  oxen  draw  water  out  of  therr, 
^flich  riseth  up  in  many  small  buckets,  whereof  some  are  always  going 
down,  others  continually  coming  up  and  emptying  themselves  in  troughs 
»r  little  rills,  made  to  receive  and  convey  the  water,  whither  they  please.** 
p  187.  To  the  same  machine  i^vcr  refers,  when  speaking  of  the  differ- 
ent mcdes  of  raising  water  from  deejp  wdh,  Ijt  is  drawn  up,  he  says,  by 
oxen  *•  with  huge  leathern  buckets  or  pots  around  a  wheel."  p.  410. 
And  again  at  Surar,  it  is  drawn  up  "  in  leathern  bags  upon  wheels."  p. 
104.  Had  not  weUs  been  mentioned  in  connection  with  these  extracts 
from  Fryer,  we  might  have  supposed  it  was  the  noria  to  which  he  alluded. 
Tavernier  mentions  it  in  the  same  w^ay  as  applied  to  draw  water  from 
wells  in  Persia,  p.  143.  When  required  to  raise  it  from  rivers,  they 
were,  as  in  the  case  of  the  Persian  wheels  on  the  Orontes.  propelled  by 
the  current  when  it  was  sufficiently  rapid  for  the  purpose.  "  As  for  the 
Euphrates;  (observes  Tavernier,)  certain  it  is  that  the  great  number  of 
mills  })uilt  upon  it,  to  convey  water  to  the  neighboring  grounds,  have  not 
only  rendered  it  unnavigable,  but  made  it  very  dan^^erous."  Lucan  in 
the  3d  biK)k  of  his  Pharsalia  alludes  to  this  extensive  diversion  of  the  wa- 
ter for  agricultural  purposes,  in  his  time. 

But  soon  Euphrates*  parting  waves  divide^ 
Covering,  like  fruitful  Nile,  tlie  country  wide. 

These  mills  are  probably  similar  to  those  referre  i  to  by  Montanus  in 
his  account  of  Japrin,  p.  296.     The  city  of  Jonda,  tie  observes  was  de 
fended  by  a  strong  castle,  which   was  "  continually  supplied  with  fresh 
water  by  two  mills."     It  is  a  pity  they  were  not  described 

The  chain  of  pots  was  used  by  all  the  celebrated  nations  of  antiquity 
and  it  still  is  employed  more  or  less  over  all  Asia  and  Europe.  Previous 
to  the  16th  century,  it  constituted  the  'waterworks*  for  supplying  Europe- 
an cities,  and  was  often  driven  by  windmills — as  it  still  is  in  Holland.  It 
seenM  to  be  the  ne  plus  ultra  of  hydraulic  engines  among  half  civilized 
oatioiis,  while  those  only  which  are.  enlightened,  have  the  pump.  Even 
the  materials  of  which  it  was  made  by  difterent  people  of  old,  may  be 
considered  as  emblematical  of  their  national  characters.  The  inhabitants 
Df  Egypt,  central  and  stmthern  Asia,  employed  light  and  fragile  materials ; 
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the  ropes  were  filir 

E3  of  the  palm  tree,  and  the  vesseli  of  earthenware  j 

while  the  Romans 

nade  the  cliains  of  iron  and  the  vesaela  of  brass.     The 

former  people  were 

soft,  effeminate,   and  easily  subdued;   the   latter  ileni 

inflexible- 
It  is  described  by  AgricoUas  employed  in  the  German  mines.  De  Re 
Metailica,  pp.  13t,  133,  133.  The  chains  and  vessels  are  represented 
of  various  forms,  and  the  latter  both  of  iror  »n(i  wood,  and  propelled  by 
tread  and  water  wheels."  In  Bes^n's  '  Theatre,'  A.  D.  1579,  it  in  figured 
at  worked  by  a  pendulum  a.id  cog  wheels — the  teeth  being  continued 
over  half  the  peripheries  odly.'' 

In  Spain  it  has  remained  in  coctinual  use  since  the  conquest  and  occu- 
pation of  that  country  by  the  Rc<n;£jis ;  and  was  perhaps  previously  intro- 
duced by  the  Phenkians.  a  people,  to  whom  ^pain  was  early  indebted 
for  many  valuable  acquisitions.  It  was  employed  there  by  the  Moors  m  the 
middle  ages,  under  wliom  the  inhabitants  enjoyed  a  degree  of  prosperity 
dntl  civilization  unexampled  daring  any  subsequent  period  of  their  histo- 
ry. The  arts  and  manufactures  were  carried  lo  great  perfection,  so  much 
flo,  that  in  the  twelfth  century,  while  the  rest  of  Europe  was  in  compara- 
*ive  I>arbn.rism,  the  tissues  of  Grenada  and  Andalusia  were  highly  prized 
at  Constantinople,  and  throughout  the  eastern  empire.  To  the  Aloora  of 
Siiain,  Europe  was  greatly  Indebted  for  the  introduction  and  disseini nation 
nf  many  of  the  arts  of  the  east ;  among  others  they  introduced  ihg  Asiatic 
aystern  of  agriculture,  with  its  insep'arable  adjunct  Qrtj^'fli  irrigation.  We 
are  told  they  divided  the  lands  into  s^c  ill  lields,  which  were  kept  constantly 
■Uider  tillage  ;  and  "they  conveyed  water  lo  the  highest  and  ariest  spotn 


n  Sptun,  is  in  the  form  and  material  of  it 


■Tlie  De  Re  '  Metailica'  of  George  AKricola  is  invi 
raulic  citgiDPS  employed  In  the  minea  o?  Germany  li 
es :  \iK\ng  dnubtlexs  similar  lo  thoae  uaetl  by  the  Ron 


iiiiied  uiilntemiptpdl}'  In  use.     The  fatx  edilinii  of  )hii  work  was  piihliched  in 
IMC  olliere  in  1550— 1558— 1561— 1621— and  1657.  nil  at  Baail.      BriinF-'s  '  Mantiet 
Du  l.ibraire  el  De  L' .Amateur  de  Livres.'    Pari*,  18-^.    It  la  a  copy  of  Uie  laal  odilif" 
wa  make  uae  of.    The  aiilhor  was  born  in  1494.  and  died  in  1555. 
•  Sea  a1»o  K'rcher'g  Miindua  Subierranciia.    Tom.  it.  pp.  IK,  -138. 
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and  the  imperfect  substitutes  for  cog  wheels,  identical  with  those  of  Egypt 
•.id  Asia,  and  may  be  considered  a  fair  representative  of  this  machine  as 
sued  in  the  agricuUurai  districts  of  the  ancient  world. 

No.  5df  represent  a  section  of  a  mod- 
em machine.  The  wheel  isp'aced  in  or 
over  I.  cistern  designed  ic  receive  the  wa- 
ter. Buckets  are  secired  to  tJie  chain  be- 
t*veen  the  joints  of  the  latter,  and  the 
wheel  i&  h  **evolves,  receives  the  cen- 
tre of  thee?,  joints  on  the  ends  of  its 
arms,  which  are  suitably  shaped  for  the 
purpose.  The  buckets  therefore  fall  in 
between  the  arms  of  the  wheel  and  be- 
come inverted  in  passing  over  it  as  in 
the  figure. 


No.  55.    Modern  Chain  of  Poti. 


The  chain  of  pots  has  been  applied 
to  a  great  variety  of  purposes.  It  has 
been  employed  for  ages,  in  clee/nsing 
docl'Sy  deepening  harborsy  &c.  The 
vessels  being  made  of  iron  and  formed 
like  wide  scoops,  are  made  to  pass  un- 
der pulleys  attached  to  the  bottom  of  a 
moveable  frame,  which  is  raised  and 
lowered,  to  suit  the  varying  depth  of 
the  channel  Besson  also  proposed  it 
to  raise  mortar ^  &c.  to  the  top  of  city 
walls,  fortifications,  &c.  and  wherever 
large  quantities  were  required  ;  an  ap- 
plication of  it  that  is  worthy  of  the  notice  of  extensive  builders,  for  the 
lime  consumed  and  exertion  expended  by  a  laborer,  in  ascending  a  long  lad- 
der or  flight  of  stairs  to  deposit  a  modern  hodful  of  mortar,  and  returning 
through  the  same  space,  is  hardly  consistent  with  the  spirit  of  economy 
and  useful  research  that  characterizes  the  age.  The  amount  offeree  con- 
sumed in  bearing  his  own  body  ttoice  over  the  space,  independently  of  the 
load,  would  in  a  well  regulated  device  of  this  kind  produce  an  equal  re- 
sult. Oliver  Evans  introduced  the  chain  of  pots  into  his  mills,  for  the  pur- 
pose of  transmitting  flour  and  grain  to  the  different  floors. 

It  has  been  adopted  as  a  substitute  for  wdter  wheels.  As  the  noria, 
when  its  motion  is  reversed  by  the  admission  of  water  into  its  buckets  at 
the  upper  part  of  the  periphery,  is  converted  into  an  overshot  wheel — so 
the  chain  of  pots,  has  in  a  similar  manner,  been  made  to  transmit  power 
and  communicate  motion  to  other  machines.  In  locations  where  there  is 
a  small  supply  of  watei ,  but  which  falls  from  a  considerable  height,  it  be- 
comes a  valuable  substitute  for  tlie  overshot  wheel,  as  a  first  mover.  It 
is  remarkable  that  this  obvious  application  of  it  should  not  have  occurred 
to  European  mechanicians  previous  to  the  17th  century.  It  was  designed 
by  M.  Francini,  and  by  the  direction  of  Colbert^  the  illustrious  and  pa- 
triotic minister  of  Louis  XIV,  one  waa  erected  in  1668,  in  one  of  the  pub- 
lic gardens  at  Paris.  A  natural  spring  in  this  garden  supplied  water  for 
the  plants.  It  was  received  into  a  large  basin,  and  to  prevent  its  over- 
flowing, the  surplus  or  waste  water  was  discharged  by  a  gutter  into  a  well, 
at  the  bottom  of  which  it  disappeared  in  the  soil.  M.  Francini  took  ad- 
vantage of  this  fall  of  waste  water  in  the  well,  and  made  it  the  means  of 
raising  a  portion  of  the  spr  ng  water  sufficiently  high  to  form  a  jet  d'eau 
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He  eivctp'l  a  chain  of  pots,  E,  B,  No,  56,  which  reached  from  the  bo', 
torn   nf  the  well  to  such  a  height  above    ita  mouth   as  tho  waiter  to  form 
'he  jet  w&B  reijuired  to  be  raised.   From  the  upper  wheel  or  dru-n,  s.ioth-r 
~  ~  chain  of  poa,  D,  C,  was  suspended 

and  ;a  n;a  round  by  it,  '.he  lower  end 
iiippiMJ  into  the  water  to  be  rais3) 
^m  t'ne  spring'  A.  By  this  arrange- 
ment the  weight  of  the  water  in  * 
acending  tho  well  in  the  buckets  of 
the  first  cba:n:raised  a  smaller  portion 
(allowing  for  tnction)  through  tha 
aame  space  by  the  second  tine — and  a 
proponionabie  Quantity  still  higher. 
A  spiiut  convayed  -jis  water  into  the 
buckets  of  the  dri^lrg  or  motive  chiio 
as  shown  at  B,  r-ese  buckets  wera 
made  of  brass,  md  wide  at  th-.  top, 
the  better  to  -;;Live  water  from  the 
spring;  and  l'£3  diat  when  one  was 
filled,  the  su.-i'is  might  fall  down  its 
sides  into  the  next  one  below,  and 
from  that  to  the  third  one,  and  so  on 
that  none  might  be  lost  by  spilling 
over.  The  buckels  of  the  other  chain 
were  of  the  same  Ibrm  and  material, 
but  instead  of  being  open  like  the  for- 
mer, they  were  closed  on  all  sides, 
the  water  being  received  into  them  at 
A,  and  discharged  from  them  at  m, 
through  short  necks  or  tubes,  e,  *, 
which  are  upwards  when  the  buckf^ta 
No.  X.  Frucioi't  Hachian.  ascend,  bein^  connected  to  the  smaller 

part  of  the  latter,  A  pipe  from  the 
jpper  cistern  m,  conveyed  the  water  to  form  ihe  jet.  The  arrow  indi- 
cates the  direction  in  which  both  chains  move.  The  vessels  on  the  chain 
E,  B,  Wow  B,  descending  intn  the  well,  {the  bottom  of  which  is  not  shown,) 
full — while  those  shown  at  D,  C,  are  empty. 

The  chain  of  Pots  Las  been  employed  to  work  pumps  in  mines,  to  pro- 
pel thrashing  machines,  &c,  &c,* 

There  is  much  confusion  in  the  nodcea  of  tiie  chain  of  pots  by  ancient 
a-ithors,  from  their  referring  to  it  without  discriminaiion  as  a  '  iclire}'  and 
t}.-J8  confounding  it  with  the  tympanum  and  noria,  and  that  modification 
of  tho  'alter,  known  as  the  Persian  wheel.  From  the  circumstance  of 
i  a  having  been  propelled  in  the  same  manner  as  these,  viz  :  hy  oxen  in 
ine  usual  ^vay,  (through  the  medium  of  cog  wheels,)  or  hy  men  walking 
upon  or  within  a  wheel,  Sl.-..  it  has  from  custom,  in  advene  nee,  or  from  a 
superficial  knowledge  of  its  distinctive  features,  been  classed  with  them, 
ti  was  of  it  tliat  Siraho  spoke,  "  which  by  wheels  and  pulleys  raised  the 
water  cf  ilie  Nile  to  the  top  of  a  very  high  hill ;  and  which,  instead  of 
being  -mved  by  oxen,  was  propelled  by  one  hundred  and  fifty  slaves," 
'  '       '"  I  beseiged  in  Alexandria  by  the  Egyptians. 
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the  chain  of  pots  was  included  among  the  "  wheels  and  other  engines," 
by  which  the  latter  raised  water  from  the  sea  and  discharged  it  into  the 
cisterns  that  supplied  CcBsar's  army  with  fresh  water.  It  was  most  like- 
ly among  the  "  hydraulic  engines,"  which  Herodotus  observes  the  Bahy- 
'onians  had,  to  raise  water  from  the  Euphrates  to  irrigate  their  lands. 
These  *  engines'  were  certainly  similar  to  those  of  India,  Egypt,  Greece, 
and  other  neighboring  countries ;  for  if  they  had  been  of  novel  construc- 
tion, or  peculiar  to  CTialdea,  he  would  scarcely  have  failed  to  notice  so 
important  a  fact,  if  he  even  omitted  (as  he  has)  to  describe  them. 

The  same  lack  of  discrimination  is  obvious  in  almost  all  the  accounts 
of  modern  as  of  ancient  authors,  respecting  this  machine.  Wlien  they 
speak  of  wheels  for  raising  water,  it  is  as  difRcult  to  ascertain  those  to 
which  they  allude,  as  it  is  in  the  parallel  passages  of  Philo  and  Diodorus, 
Strabo  and  Csesar.  Thus  Tavemier  in  his  passage  down  the  Tigris  to 
Bagdat,  remarks,  "  all  the  day  long,  we  saw  nothing  upon  either  side  of 
the  river,  but  pitiful  huts,  made  of  the  branches  of  palm  trees,  where  live 
certain  poor  people  that  turn  the  whceU^  by  means  whereof  they  water 
the  neighboring  ground."  Sometimes  the  chain  of  pots  is  mentioned  by 
travelers  as  the  Persian  wJieely  and  popular  extracts  from  their  works 
lend  greatly  to  perplex  enquirers  into  its  history.  When  we  met  with 
statements  from  Shaw's  travels,  that  the  Persian  wheel  was  extensively 
used  on  the  banks  of  the  Nile,  through  all  Egypt,  they  were  so  much  at 
variance  with  the  testimony  of  other  oriental  travelers,  ind  so  foreign  to 
our  impressions  respecting  the  use  of  that  machine  in  Egypt,  that  we  had 
.mmediate  reference  to  his  work;  when  the  apparent  aiscrepancy  was 
explained.  He  describes  and  figures  the  chain  of  pots  (sakia)  as  the 
Persian  whed.^  Norden  commits  the  same  error  :  "  they  likewise  employ 
tJie  Persian  wheel  with  ropes  of  pitchers,  which  is  turned  by  oxen."** 
Twiss  also  describes  the  Spanish  chain  of  pots  as  the  Persian  wheel,  and 
which  he  observes  is  used  "  all  over  Portugal,  Spain,  and  ^le  Levant."* 

Other  travelers  speak  of  it  as  the  Noria.  Mr.  Jacob,  in  his  "  Tra- 
vels in  the  South  of  Spain,"  Lon.  1811,  page  152,  says  the  Spaniards  "  use 
a  mill  of  Arabic  origin,  from  which  our  chain  pump  is  evidently  derived ; 
it  is  called  a  noria.  A  vertical  wheel  over  a  well  has  a  series  of  earthen 
jars  fastened  together  by  cords  of  Esparto,  which  descend  into  the  water 
and  fill  themselves  by  the  motion  of  the  wheel.  The  vertical  wheel 
is  put  in  motion  by  a  horizontal  one,  which  is  tunied  by  a  cow.  No 
machine  can  be  more  simple."  In  the  Grande  Description  of  Egypt, 
it  is  designated  *  Roue  a  *pois^^  instead  of  naming  it  from  the  chain, 
Its  peculiar  and  distinguishing  feature.  It  certainly  has  nothing  in  com- 
mon with  the  noria,  except  the  pots  or  vessels  in  which  the  water  is  raised ; 
and  these  in  the  latter,  are  suspended  from  the  arms  of  inflexible  levers, 
and  ascend  in  the  arc  of  a  circle  ;  while  in  both  these  circumstances,  and 
others  might  be  named,  there  is  no  resemblance  whatever  between  them. 
The  chain  of  pots  is  generally  named  by  French  authors,  *  Chapelety  from 
its  resemblance  to  the  string  of  beads,  which  Roman  catholics,  Mahome- 
tans, Budhists,  &c.  (like  the  Pagans  of  old)  use  in  repeating  their  prayers. 
This  appellation  is  sufficiently  discrimmatmg,  and  Is  appropriate  ;  certainly 
more  so  than  Pjoue  a  pots^  since  it  serves  to  separate  this  machine  from 
every  species  of  wheels^  and  to  preserve  a  distinction  between  two  very 
dif!erenl  classes  of  hydraulic  engines. 

Ih?  chain  of  pots  seems  always  to  have  been  used  to  raise  water  from 

•Travel*,  pige  337.    ^  Travela  in  E^pt  and  Nubia.  Vol.  i,  56.  ~ 

•Travel?  through  Portugal  and  Spam  in  1772,  and  73.     Lon.  ]780.  page  329 
JT;>in.  2.    Memoim,  £.  M.     Plate  5. 
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Joseph's  well.  If  the  location  of  this  well,  its  peculiar  ccmstniction,  d*- 
vision  into  two  distinct  shafts,  the  chamber  between  them  for  the  animalt 
which  propel  the  machinery,  the  passage  fur  their  ascent  and  descent,  and 
tts  enormous  depth,  be  maturely  considered,  it  will  appear,  we  think,  that 
no  other  machine  could  at  any  time  have  been  used,  or  intended  by  its  con- 
structors to  have  been  used  in  raising  its  water ;  if  therefore  this  celebra 
ted  well  be,  as  supposed,  a  work  o£  the  ancient  Egyptians,  or  a  relic  ot 
Babylon,  then  the  endless  chain  of  pots  may  safely  be  regarded  as  coeval 
witn  the  foundation  of  that  ancient  city,  if  not,  as  it  probably  is,  much 
Tioru  ancient. 

It  was  probably  the  *  pump,*  which  according  to  tradition,  Danaus 
•nti-oiiuced  into  Greece,  a  thousand  years  before  the  building  of  Babylon 
3y  the  Persians.  During  the  time  the  Israelites  were  in  Egypt,  this 
orince,  in  conse^juence  of  domestic  quarrels,  left  it  with  his  family  and 
*riends,  and  sailed  for  Greece.  They  landed  on  the  coast  of  Peloponessua 
or  the  Morea,  and  were  hospitably  entertained  at  Argos,  where  they  sei- 
zed. It  is  suid,  the  Greeks  did  not  at  that  time  possess  the  knowledge  of 
obtaininsT  water  from  wells ;  the  companions  of  Danaus  having  been  the 
Srst  to  dig  them,  ami  to  introduce  pumps.  Pliny  vii.  56.  If  the  inhabit- 
ants of  Grt'oco  were  ignorant  of  wells,  previous  to  the  arrival  of  these 
itrangers,  they  cuuid  certainly  have  had  no  occasion  for  pumps ;  and  il 
was  natural  for  the  Egyptians,  when  they  dug  wells,  to  introduce  their 
own  country  methods  of  obtaining  water  from  them. 

As  the  word  *  pumps,'  is  not  however  to  be  understood  in  the  restricted 
«ense  in  which  it  is  at  present  used,  the  question  occurs,  what  kind  of  ma- 
chines were  thes«=,t  1.  They  must  have  been  simple  in  their  constniction, 
for  otherwise  they  would  have  been  ill  adapted  to  a  rude  and  uncultivated 
;)eople,  and  such  the  Greeks  were  while  ignorant  of  wells.  2.  They 
must  have  been  of  general  application  to  the  wells  of  Greece.  3.  They 
were  such  as,  from  their  great  udlity,  were  continued  in  use  through  sub- 
sequent ages,  for  they  were  highly  prized,  and  the  memory  of  their  intro- 
duction preserved.  4.  They  were  such  as  were  previously  used  in  Egypt. 
Now,  of  all  ancient  devices  for  raising  water,  to  which  the  term  *  jnimp* 
could  with  any  propriety  be  applied,  the  chain  of  pots  is  the  only  one  that 
fulfils  the  conditions  premised.  It  is  evident  that  the  ja?Uu  and  its  modi- 
fications arc  wholly  inapplicable  to  raise  water  from  wells ;  and  the  /i/ro- 
panum  and  noria  are  equally  so.  The  swape  is  not  adapted  to  d^ep  wells 
and  those  of  Greece  were  generally  such  :  yet  as  it  is  admirably  atlapled 
to  raise  water  from  small  depths,  and  was  so  used  by  the  ancient  Greeks ; 
'*.  is  probable  that  it  was  also  introduced  by  Danaus  ;  as  we  know  that  it 
was  il  c.^.T' mon  use  m  Egypt,  in  his  time.  (See  figures  36  and  43.)  It 
must  however  have  been  of  extremely  limited  application  to  wells  on  ac- 
count of  their  depth.  (See  page  38.)  The  modern  inhcbitants  of  Egypt 
raise  water  with  it  only  about  seven  feet ;  and  from  the  figures  just  referred 
to,  it  is  obvious  that  in  the  time  of  Danaus,  it  was  raised  no  higher  by  it. 
bnt  if  its  application  was  even  extended  in  Greece,  to  elevate  water  from 
twice  that  deptli,  its  employment  :n  wells  must  have  been  comparatively 
trifling. 

[t  could  not  have  been  the  chmn  pump,  for  it  does  not  appear,  that 
either  ths  35 reeks  or  Romans  were  acqi;ainted  with  that  machine.  Vi- 
truvius  is  silent  respecting  it.  Nor  can  we  suppose  any  thing  like  the 
atmospheric  or  forcing  pump  intended— even,  if  it  could  be  proved  that 
both  were  then  known.  They  are  too  complex  to  have  been  at  all  suited 
'o  the  Greeks  at  that  remote  age.  Indeed  they  are  altogether  worthies? 
lo  a  rude  people,  wiio  would  be  unable  to  keep  them  in  order,  or  to  dctec; 
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the  causes  of  their  ceasing  to  act  But  that  the  '  pumps'  of  Danans  were 
some  kind  of  bucket  machines,  like  the  chain  of  pots,  is  inferable  from 
the  account  of  his  daughters'  punishment  They  were  condemned  to  draw 
water  from  deep  wells,  and  would  of  course,  use  the  machines  their  fa 
iher  introduced.  Now  we  are  told  that  the  vessels  in  which  thev  raised 
the  liquid  leaked  so  much,  that  the  water  escaped  from  them  ere  it  reach- 
ed the  surface — hence  their  endless  punishment  The  witty  remark  of 
liion  implies  the  same  thing.  A  person  speaking  of  the  severe  punish- 
ment of  these  young  women,  in  perpetually  drawing  water  in  vessels  full 
of  holes,  he  remarked,  '*  I  should  consider  them  much  more  to  be  pitied 
were  they  condemned  to  draw  water  in  vessels  without  holes."  Hence, 
wc  infer  that  the  Egyptian  sakia  or  chain  op  pots,  M'as  the  *  pump'  in- 
tnniuced  by  Danaus,  and  that  to  it  tradition  refers.  It  was  the  only  one 
to  which,  from  its  construction,  and  adaptation  to  every  depths  the  name 
of  *  pump'  could  have  been  applied — while  from  its  simplicity  and  effi- 
ciency, it  was  a  gift  of  no  ordinary  value  to  the  Greeks ;  and  the  introduc- 
tion of  it  into  their  country  was  worthy  of  being  preserved  from  oblivion. 

It  is  believed  to  have  been  in  uninterrupted  use  there  since  the  age  of 
Danaus ;  although  history  may  not  have  preserved  any  record  or  repre- 
sentation of  so  early  an  employment  of  it.  It  is  still  used  on  the  conti- 
nent and  in  the  islands,  as  well  as  throughout  Syria  and  Asia  Minor.  At 
Smyrna  it  is  as  common  as  a  pump  with  us.  In  *'  Voyage  Pittoresque  de 
la  Grece,"  Paris,  1782,  Plate  49,  contains  a  drawing,  and  page  9  a 
description  of , one  in  a  garden  at  Scio,  the  ancient  Chios,  and  capital  city 
of  the  island  of  the  same  name.  It  is  similar  to  the  one  represented  in 
No.  54,  and  is  doubtless  identical  with  those  employed  in  the  same  cities, 
when  Homer  was  born  near  the  former,  and  when  he  kept  a  school  in 
the  latter. 

On  the  antiquity  of  this  and  preceding  machines,  we  add  the  opinions  of 
recent  writers.  **  A  traveler  standing  on  the  edge  of  either  the  Libyan  or 
Arabian  desert,  and  overlooking  Egypt,  would  behold  before  him  one  of 
the  most  magnificent  prospects  ever  presented  to  human  eyes.  He  would 
survey  a  deep  valley,  bright  with  veg^etation,  and  teeming  with  a  depres- 
sed but  laborious  population  engagea  in  the  various  labors  of  agriculture. 
He  would  see  opposite  to  him  another  eternal  rampart,  which,  with  the 
one  he  stands  upon,  shuts  in  this  valley,  and  between  them  a  mighty  river, 
flowing  in  a  winding  course  from  the  foot  of  one  chain  to  the  other,  fur- 
nishing lateral  canals,  whence  the  water  is  elevated  by  wheels  and  buck- 
ets of  the  rudest  structures,  worked  sometimes  by  men  and  sometimes  by 
cattle,  and  no  doubt  identical  with  the  process  in  use  in  the  days  of  Sesos- 
tris.^*^  "  These  methods"  (of  raising  water  to  irrigate  the  land,)  "  are  not 
the  invention  of  the  modern  Egyptians,  hut  have  been  used  from  time  im- 
memorial without  receiving  the  smallest  improvement, ^^^  "  Even  the  creak- 
ing sound  of  the  water  wheels,  as  the  blindfolded  oxen  went  round  and 
round,  and  of  the  tiny  cascades  splashing  from  the  string  of  earthen  pots 
into  the  trough  which  received  and  distributed  the  water  to  the  wooden 
canals ;  were  not  disagreeable  to  my  ears,  since  they  called  up  before  the 
imagination,  the  primitive  ages  of  mankind,  the  rude  contrivances  of  the 
early  kings  of  Egypt,  for  the  advancement  of  agriculture,  which  have  w«- 
dtrgone  little  change  or  improvement  up  to  the  present  hour"^ 

Like  every  other  machine  that  has  yet  been  named,  the  date  of  its  ori- 


•  North  Amcrirnn  Review,  Jan.  1839.    p.  185-6.     •»  History  of  the  Opersrioiw  of  thi 
I  reiich  and  British  Armies  in  Egypt.     Newcastle  1809.     Vol.  i,  page  92 
^  S'..  John,  '*  Kgypt  and  Mohammed  Ali."     Vol.  i,  10. 
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g[in  is  unknown.  From  its  simplicity,  its  obvious  derivation  from  the  prim- 
itive cord  and  bucket,  its  employment  over  all  Asia  and  Egypt  at  the 
present  time,  and  its  extensive  use  in  the  ancient  world ;  there  can  be  no 
question  of  its  great  antiquity.  Vitruvius  is  alike  silent  respecting  the 
origin  of  this,  as  of  the  noria  and  tympanum,  and  doubtless  for  the  same 
reason — their  origin  extended  too  far  into  the  abyss  of  past  ages  to  be  dis- 
covered. It  is  singular  that  the  ancients,  who  attributed  almost  every 
agricultural  and  domestic  implement  to  one  or  other  of  their  deities,  should 
not  have  derived  the  equally  important  machines  for  raising  water  from  a 
similar  source.  The  origin  of  the  pUmgh  they  gave  to  Osiris,  of  the  harrow 
to  Occator,  the  rake  to  Sarritor,  the  scythe  to  Saturn,  the  sickle  to  Ceres, 
the  flail  to  Triptolemus,  &c. ;  and  as  they  attributed  the  art  of  manuring 
ground  to  a  god,  they  surely  ought  to  ]  ave  given  the  invention  of  ma- 
chines to  irrie^te  it  to  another. 

To  the  chain  of  pots,  there  is  an  allusion  in  the  beautiful  description  of 
the  decay  and  death  of  the  human  body,  in  the  12th   chapter  of  Ecclesi- 
astes :  "  Or  ever  the  silver  cord  be  loosed,  oi  the  golden  bowl  be  broken 
or  the  pitchrr  be  broken  at  the  fountain,  oi  tht  wheel  broken  at  the  cis» 
tern."     In  the  east,  the  chain  is  almost  uniformly  made  of  cord  or  rope  ; 
and  the  former  part  of  the  passage  appears  to  refer  to  the  ends,  which 
are  spliced  or  tied  together,  becoming  loosened,  when  the  vessels  would 
necessarily  be  broken,  for  the  whole  would  fall   to  the  bottom  ;  an  occur 
rence  which  is  not  uncommon.     The  term  silver  cord,  is  expressive  of  it«r 
cliitcness^  the  result  of  its  constant  exposure  to  water  and  the  bleaching 
effect  of  the  sun's  rays  :  and  golden   bowl  refers  to  the  red  earthenware 
pots  or  vases,  in  which  the  water  is  raised.     Both  pots  and  cords  stream 
mg  with  water,  and  glittering  in  the  sun,  presented  to  the  vivid  imagina 
tions  of  the  orientals,  striking  resemblances  to  burnished  gold  and  Silver 
The  circulation  of  the  stream  of  life  in  man,  (his  blood)*  its  interruption 
in  disease  and  old  age,  his  energies  failing,  and  the  mechanism  of  his 
frame  wearing  out,  and  at  last  ceasing  forever  to  move;  are  forcibly  illus 
trated  by  the  endless  or  circulating  cord  of  this  machine ;  its  raising  living 
waters  and  dispersing  them  through  various  channels,  as  so  many  streams 
of  life,  until  its  vessels,  the  pitchers,  become  broken,  and  the  flow  of  the 
stream  interrupted,  and  the  wheel,  upon  which  its  movements  depended, 
becoming  deranged,  broken,  and  destroyed. 

That  the  pots  or  vases  are  frequently  broken,  we  learn  from  numerous 
travelers.  In  the  account  of  Joseph's  well,  in  the  Grande  Description^  it 
is  said  to  be  necessary  for  a  man  to  be  in  constant  attendance,  to  keep  the 
animals  which  move  it  from  stopping,  and  to  rejda^e  the  pitchers  that  are 
broken.  And  that  the  wheels  were  often  deranged  is  more  than  pro- 
bable, when  we  consider  how  exceedingly  rude  and  imperfect  is  their 
construction  over  all  the^east.  The  surprise  of  travelers  has  often  been 
elicited  by  their  continuing  to  work  at  all,  while  exhibiting  every  symptom 
of  derangement  and  decay.  "  The  water  wheels,  pots,  ropes,  &c.**  says 
Mr.  St.  John,  "had  an  extremely  antique  and  dilapidated  appearance;  and, 
if  much  used,  would  undoubtedly  fall  to  pieces."**  We  are  told  tliat  a 
more  striking  picture  of  rude  and  imperfect  mechanism  could  scarcely  be 
conceived ;  and  it  is  not  improbable,  that  the  *  Egyptian  Wheel'  as  an  em- 
blem of  instaMitj/f  had  reference  to  its  defective  construction  and  con- 

*That  the  circulation  of  the  blood  was  known  to  the  ancients,  see  Dntens'  'Iiiquirr 
into  the  origin  of  the  discoveries  attrilmted  to  the  Modems  '    Lon  1709,  pp.  210  "i^ 
*  Kgypt  and  Mohammed  All,  i,  126, 127. 
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staat  liability  to  derangement,  as  much  so  as  to  its  rotai^'  movement.  Nor 
is  it  likely  that  they  were  much  superior  at  any  time  in  Judea,  for  the 
Jews  never  cultivated  the  arts  to  any  extent.  The  meclianics  among 
them  when  they  left  Egypt  were  probably  more  numerous  and  expert 
than  during  any  subsequent  period  of  their  history.  In  the  eleventh  cen- 
tury B.  C.  when  Saul  began  to  reign,  there  was  not  a  blacksmith  in  the 
land,  or  one  that  could  forge  iron ;  they  had  been  carried  off  by  the  Phi- 
listines; and  although  David  at  his  death  left  numerous  artificers,  when  his 
son  built  the  temple  and  his  own  palace,  he  obtained  mechanics  from  Tyre. 
It  is  moreover  possible  that  the  plaints  and  meanings  incident  to  old 
age,  *when  the  grasshopper  shall  be  a  burden  and  desire  shall  fail,*  were 
also  intended  to  be  pointed  out  by  the  perpetual  creaking  of  these  rickety 
machines,  as  indicative  of  approaching  dissolution.  The  harsh  noise  they 
make  has  been  noticed  by  several  travelers.  St.  John  speaks  of  the  creak- 
ing sound  of  the  water  wheels ;  and  Stephens,  in  his  *  Incidents  of  Travel,* 
observes,  "  it  was  moonlight,  and  the  creaking  of  the  water  wheels  on 
the  banks,  (of  the  Nile)  sounded  like  the  moaning  spirit  of  an  ancient 
Egyptian." 


ON  THE  ENGINE  THAT  RAISED  WATER  FROM  THE  EUPHRATES  TO  SUPPLY  THE 

HANGING  GARDENS  AT  BABYLON. 

There  is  a  machine  noticed  by  ancient  authors,  which  probably  belongs 
lu  this  part  of  our  subject,  and  it  is  by  far  the  most  interesting  hydraulic 
engine  mentioned  in  history.  Some  circumstances  connected  with  it,  are 
also  worthy  of  notice.  It  was  constructed  and  used  in  the  most  ancient 
and  most  splendid  city  of  the  postdiluvian  world ;  a  city  which  according 
to  tradition  existed  like  Joppa,  before  the  deluge :  viz.  Babylon — a  city 
generally  allowed  to  have  been  founded  by  the  builders  of  Babel;  subse-, 
quently  enlarged  by  Nimrod;  extended  and  beautified  by  Semiramis; 
and  which  reached  its  acme  of  unrivaled  splendor  urider  Nebuchadnezzar. 

The  engine  which  raised  the  water  of  the  Euphrates  to  the  top  of  the 
walls  of  this  city,  to  supply  the  pensile  or  hanging  gardens,  greatly  ex- 
ceeded in  the  perpendicular  height  to  which  the  water  was  elevated  by  it, 
the  most  famous  hydraulic  machinery  of  modem  ages  ;  and  like  most  of 
the  works  of  the  remote  ancients,  it  appears  to  have  borne  the  impress  of 
those  mighty  intellects,  who  never  suffered  any  physical  impediment  to 
interfere  with  the  accomplishment  of  their  designs  ;  and  many  of  whose 
works  almost  induce  us  to  believe  that  men  '  were  giants  in  those  days.' 
The  walls  of  Babylon,  according  to  Herodotus,  i,  178,  were  350  feet  higli ! 
Diodorus  Siculus  and  others  make  them  much  less;  but  the  descriptions 
of  them  by  the  latter,  it  is  alleged,  were  applicable  only,  after  the  Per- 
sians under  Darius  Hystaspes  retook  the  city  upon  its  revolt,  and  demo- 
lished, or  rather  reduced  their  height  to  about  50  cubits  ;  whereas  the  fa- 
ther of  history  gives  their  original  elevation,  and  incredible  as  it  may  ap- 
pear, his  statement  is  believed  to  be  correct.  He  is  the  oldest  author 
who  has  described  them;  and  he  visited  Babylon  within  one  hundred  and 
-wenty  years  of  Nebuchadnezzar's  death;  and  four  hundred  before  Dio- 
dorus flourished.  He  has  recorded  the  impressions  which  at  that  time, 
the  city  made  on  his  mind,  in  the  following  words,  "  its  internal  beauty 
and  magnificence  exceed  whatever  has  come  within  my  knowledge;"  and 
Herodotus,  it  must  be  remembered,  was  well  acquainted  with  the  splen- 
did cities  of  Egypt  and  the  east.  Had  not  the  pyramids  of  Geezer,  the 
temples  and  tombs  of  Thebes  and  Karnac,  the  artificial  lakes  and  canals 
nf  Egypt,  the  wc!l  of  China,  the  caves  of  Ellora  and   Elephanta.  &c 
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•ome  down  to  our  times  descriptions  of  them  by  ancient  authors,  wonM 
have  been  deemed  extravagant  or  fabulous,  and  their  dimensions  reduced 
to  assimilate  them  with  the  works  of  modern  times:  so  strongly  are 
we  inclined  to  depreciate  the  labors  of  the  ancients,  whenever  they 
greatly  excel  our  own.  According  to  Berosus,  who  is  quoted  by  Joso- 
phus,  Antiq.  x,  11,  it  was  Nebuchadnezzar  who  constructed  these  gardens, 
30  that  the  prophet  Daniel  must  have  witnessed  their  erection,  and  alf' 
that  of  the  hydraulic  engine ;  for  he  was  a  young  man  when  taken  a  cap- 
tive to  Babylon  in  tlie  beginning  of  Nebuchadnezzar's  reign,  and  he  con- 
tinued there  till  the  death  of  that  monarch  and  of  his  successor.  Amytis, 
the  wife  of  Nebuchadnezzar,  was  a  Mede,  and  as  Babylon  was  situated 
on  an  extensive  plain,  she  very  sensibly  felt  the  loss  of  the  hills  and 
woods  of  her  native  land.  To  supply  this  loss  in  some  degree,  these  fa 
mous  gardens,  in  which  large  forest  trees  were  cultivated,  w^ere  con- 
structed. They  extended  in  terraces  formed  one  above  another  to  tlie 
top  of  the  city  walls,  and  to  supply  them  with  the  necessary  moisture, 
the  engine  in  question  was  erected.* 

As  no  account  of  the  nature  of  this  machine  has  been  preserved,  w^e 
are  left  to  conjecture  the  principle  upon  which  it  was  consti-ucled,  from 
the  only  datum  afforded,  viz :  the  height  to  which  it  raised  the  water. 
V\'"e  can  easily  conceive  how  water  could  have  been  supplied  to  the  upper- 
most of  these  gardens  by  a  series  of  machines,  as  now  practised  in  the  east 
to  carry  water  over  the  highest  elevations — -but  this  is  always  mentioned 
as  a  single  engine,  not  a  series  of  them.  Had  its  location  been  determin- 
ed, that  circumstance  alone,  would  have  aided  materially  in  the  invest! 
g.'Ltion  ;  but  we  do  not  certainly  know  whether  it  was  "placed  on  the  highest 
terrace — on  a  level  with  the  Euphrates — or  at  some  intermediate  elevation. 
The  authors  of  the  Universal  History  remark,  "upon  the  uppermost  o£  these 
terraces  was  a  reservoir,  supplied  by  a  certain  engine,  from  whence  the 
gardens  on  the  other  terraces  were  supplied."  They  do  not  say  where  the 
engine  itself  was  located.  Rollin  places  it  on  the  highest  part  of  the  gar 
liens  :  "  In  the  upper  terrace  there  was  an  engine  or  kind  of  pump  by 
which  the  water  was  drawn  up." 

The  statement  of  an  engine  having  been  erected  at  the  top  is  probably 
correct,  for  we  are  not  aware  that  the  ancients  at  that  period  possessed 
any  machine  which,  like  the  forcing  pump,  projected  water  above  itself. 
Ancient  machines,  (and  every  one  which  we  have  yet  examined,  is  an  ex- 
ample,) did  not  raise  water  higher  than  their  own  ievel.  But  if  sucking 
and  forcing  pumps  were  then  known  and  used  in  Babylon,  a  period  howev- 
er, anterior  to  that  of  their  alleged  invention,  of  at  least  500  years,  still  if 
this  engine  was  placed  on  the  uppermost  terrace,  both  would  have  been 
wholly  inapplicable.  If  therefore  we  incline  to  the  opinion  that  this  en 
gine  was  a  modification  of  one  of  those  ancient  machines,  which  we  have 
already  examined ;  we  are  not  led  to  this  conclusion  by  supposing  the 
state  of  the  arts  in  Babylon  at  the  period  of  its  construction,  to  have 
been  too  crude  and  imperfect  to  admit  of  more  complex  or  philosophical 

*  Paintings  found  in  Pompeii,  represent  Villas  of  two  stories  having  trees  planted  on 
Uieir  roofs.  These  kind  of  gardens  were  probnhiy  not  very  uucoinmon  m  ancient 
times  in  the  east,  though  none  perhaps  ever  equaled  tliose  of  Babylon.  Thc^r  have 
been  continued  to  modern  times  in  Asia.  Tavernier,  when  in  Bagnagar  (the  modern 
Hyderabad)  the  capital  of  Golconda,  found  the  roofs  of  the  large  courts  of  the  palace 
terraced  and  containing  gardens,  in  which  were  trees  of  such  immense  size  "  tliat  it  is 
a  tiling  of  great  wonder  how  those  arches  should  bear  so  vast  a  burden."  The  origin 
of  tlie^e  and  of  the  city  wos  sinfilar  to  that  of  the  Babylonian  gardens.  The  King  at 
liie  iinporiunity  cf  Sagar,  one  of  his  wives,  founded  the  city  and  named  it  aAer  her 
Hmgn'igar — ^i.  e,  "  the  gardens  of  Nagar  ' 
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apparatus-^on  the  contrary,  we  know  that  the  Babylonians  carried  many 
of  the  arts  to  the  highest  degree  of  refinement.  "  They  were  groat  con- 
trivers," in  this  respect,  and  "  fell  short  of  no  one  nation  under  the  sun. 
no  far  from  it,  that  they  in  a  great  nneasure  showed  the  way  to  every  na- 
l.cn  besides."  Univer.  His.  Vol.  i,  933.  Besides,  it  is  certainly  more 
philosophical  to  suppose  this  famous  engine  to  have  been  a  modification 
of  some  machine,  which  we  have  reason  to  believe  was  used  in  Chaldea  a1 
that  lime,  and  capable  of  producing  the  results  ascribed  to  tlie  Babylonian 
engine,  than  of  any  other  of  which  that  people  possibly  knew  nothing. 

Of  all  ancient  machines,  the  chain  of  pots  v/as  certainly  the  best  adapt- 
ed for  the  purpose,  and  if  we  mistake  not,  the  only  one  that  could,  with 
any  regard  to  permanency  and  effect,  have  been  adopted.  It  stands,  and 
justly  so,  at  the  head  of  all  ancient  engines  for  raising  water  through  great 
elevations ;  and  it  may  be  doubted  whether  any  machine  could  now  be 
produced  better  a^ptcd  for  the  hangfing  gardens  of  Babylon — either  in  the 
economy  and  simplicity  of  its  construction  ;  durability  and  effect ;  or  be 
less  liable  to  derangement,  less  expensive,  or  less  difficult  for  ordinary 
people  to  repair.  The  project  of  raising  water  through  a  perpendicular 
elevation,  exceeding  three  hundred  feet,  in  numerous  vessels  attached  to 
an  endless  chain,  would  probably  startle  most  of  our  mechanicians ;  and 
some  might  suppose  that  the  I'jeigki  of  so  long  a  chain,  if  made  of  iron, 
would  overcome  the  tenacity  of  the  metal  ;  but  almost  all  the  works  of 
the  remote  ancients  partook  of  the  same  bold  features.  Magnitude  in  some 
of  their  machines,  is  as  surprising  as  in  other  departments  of  their  labors. 
Their  engineers  seem  to  have  carried  it  to  an  extent  that  in  modern  days, 
would  be  considered  as  verging  on  the  limits  of  the  natural  properties  of 
materials. 

That  the  chain  of  pots  was  the  standard  machine  for  raising  water  in 
quantiliegjrom  great  deptJis  would  appear  from  Vitruvius,  since  it  is  the 
only  one  adapted  for  that  purpose  which  he  has  described,  except  the 
"machine  of  Ctesibius ;"  and  as  he  professes  to  give  an  account  of  the 
*•  various  machines  for  raising  water,"  and  his  profession  as  a  civil  engi- 
neer would  necessarily  render  him  familiar  with  the  best  of  them,  it  is 
clear  that  he  was  ignorant  of  any  other  having  been  in  previous  use. 
That  the  engine  at  Babylon  was  no  other  than  the  chain  of  pots,  may  be 
inferred  from  the  employment  of  the  latter  in  Joseph's  well,  where  it 
raises  water  to  an  elevation  nearly  equal  to  that  ascribed  to  the  former ; 
and  if  the  subject  were  of  sufficient  mterest,  we  think  a  connection  might 
be  traced  between  them,  if  Joseph's  well  be,  as  supposed,  a  relic  of  Egypt- 
ian Babylon.  Both  Egypt  and  Chaldea  were  subject  to  the  same  monarch 
at  the  time  that  city  was  built.  Twenty  two  or  three  years  only  had  elapsed 
after  Nebuchadnezzar's  death  when  Cyrus  took  Babylon,  and  with  it  the 
empire ;  and  nine  years  after  he  was  succeeded  by  his  son  Cambyses,  who 
when  in  Egypt,  it  is  alleged,  founded  a  city  on  the  site  of  modern  Cairo, 
and  named  it  after  old  Babylon.  Cambyses  reigned  seven  years  and  five 
months.  If,  therefore,  the  Babylonian  machine  was  superior  to  the  '  chain 
of  pots,*  (and  it  must  have  been,  if  it  differed  at  all  from  the  latter,  for 
otherwise  it  would  not  have  been  selected,)  then  it  would,  we  think,  as  a 
matter  of  course,  have  been  adopted  also  in  Joseph's  well,  in  which  the 
water  ^^-aa  required  to  be  elevated  to  about  the  same  height  as  in  the 
hanging  gardens.  Besides,  if  it  possessed  peculiar  advantages,  it  would 
certainly  have  been  preserved-  in  use,  as  well  as  the  chain  of  pots,  for  the 
wealth,  comfort,  and  even  existence  of  the  people  of  the  east,  ha\  e  at  ali 
times  depended  too  much  upon  such  machines  to  suffer  any  valuable  one 
Xn  be  losL 
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Bat  was  the  rhain  of  this  machine  formed  of  melal,  or  of  ropcsl  Of 
Oie  latter  we  have  no  doubt,  Thej  are  generally  made  of  flux  or  fibres  of  the 
[>alm  tree  at  the  present  day  over  all  the  east.  In  great  elevations,  chains 
>f  rope  possess  important  a  Ivantages  over  those  of  metal,  in  their  supe- 
rior lightness,  being  free  from  corrosion,  and  the  facility  of  rapairing  them. 
But  by  far  llio  most  interesting  problem  connected  with  the  Babylonian 
engine  is,  woa  the  water  oi'  the  Euphrates  raised  by  it  to  the  highest  ter- 
race at  a  SiNGLC  LIFT  t  If  we  had  not  been  informed  of  one  reservoir  only, 
on  the  upper  terrace  "  from  whence  the  gardens  on  the  others  were  -water- 
ed," we  should  have  supposed  the  water  really  raised  as  in  Joseph's  well, 
i.  e.  by  Imo,  or  even  more  separate  chains ;  and  as  it  is,  we  cannot  believe 
that  so  ingenious  a  people  as  the  Babylonians  would  raise  the  -whole  of 
llic  water  which  the  gardens  reijuired  to  the  uppermost  terrace,  when  the 
grealett  portion  of  it  was  not  wanted  half  so  high.  As  the  size  of  the  ter- 
races dirninished  as  they  approached  the  top  of  the  walls,  it  is  probable  that 
full  two  thirds  of  the  water  was  consumed  within  one  hundred  feet  of  the 
groind.  We  therefore  conclude  that  this  famous  engine  was  composed 
of  at  least  two,  and  probably  more,  separate  chains  of  pots;  and  even  then. 
It  might  with  as  muck  propriety,  be  noticed  by  ancient  audiors  as  a  single 
machine,  as  that  at  Cairo  still  is,  by  all  modem  travelers.  Winkelman 
say*,  the  fumous  gardens  at  Babylon  had  canals,  some  of  "  which  were 
Juiip'Jied  by  pumps  and  other  engines."  And  Kirclier  in  his  Turrit  Ba/iel, 
1GT&,  represents  fountains  and  jiUt  tfeau  on  every  terrace. 
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'ni».'e  IB  I'lother  device  that  belongs  to  this  chapter.  Every  peisoo 
knii'HB,  that  where  water  is  dispersed  over  extended  surfaces,  and  of  too  lim- 
it^j  depth  to  allow  the  use  of  a  vesijel  to  scoop  it  up,  various  sul>stancul 
mploypj  to  absorb  it,  as  sponge  and  woolen  rags,  and  from  which  il ' 


spdrated  by  pressure.     A  housemaid,  when  washing  a  floor,  thus  collects 
1  ft  cloth  the  liquid  dispersed  in  the  purifying  process;  and  by  wring- 
ig  returns  it  to  the  vessel.     The  process  is  substantially  the  same  as  that 
d-jpied  to  raise  water  in  Vera's  Kopo  Pump.      See  No.  57. 
'/Iiii  machine  consists  of  one  or  more  endless  ropes,  formed  nf  loosely 
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•pun  wo'iJ  or  horse  hair,  bnd  stretched  on  two  pulleys  like  the  endless 
chain  of  pots.  These  pulleys  have  grooves  formed  on  their  suriaces  for 
the  reception  of  the  ropes.  One  of  them  is  placed  over  the  mouth  of  a 
well,  and  the  other  suspended  in  or  secured  to  the  bottom.  A  rapid  mo- 
lion  is  communicated  to  the  upper  pulley,  by  a  multiplying  wheel,  and 
the  ascending  side  of  each  rope  then  carries  up  the  water  absorbed  by  it; 
and  which  is  separated  from  it  when  passing  over  the  upper  pulley,  partly 
by  centrifugal  force,  and  partly  by  being  squeezed  in  the  deep  groove,  oi 
by  passing  through  a  tube  as  shown  in  the  figure.  In  the  beginning  oi 
the  motion,  the  column  of  water  adhering  to  the  rope,  is  always  less  than 
when  it  has  been  worked  for  some  time,  and  continues  to  increase  till  the 
surrounding  air  partakes  of  its  motion.  By  the  utmost  efforts  of  a  man, 
nine  gallons  of  w^ater  were  raised  by  one  of  these  machines  from  a  well, 
ninety-five  feet  deep,  in  one  minute.     Adam's  Philos.  Vol.  iii,  494. 

The  HYDRAULIC  BELT  is  a  similar  contrivance.  Ii  is  an  endless  double 
band  of  woolen  cloth,  passing  over  two  rollers,  as  in  figure  57.  It  is  driven 
with  a  velocity  of  not  less  than  a  thousand  feet  per  minute  ;  when  the  water 
contained  between  the  two  surfaces  is  carried  up  and  discharged  as  it  passes 
over  the  upper  roller,  by  the  pressure  of  the  band.  Some  machines  of 
this  kind  are  stated  to  have  produced  an  effect  equal  to  seventy- five  per 
cent,  of  the  power  expended,  while  that  of  ordinary  pumps  seldom  ex- 
ceeds fiixty  per  cent.     See  Lon.  Median.  Mag.  Vol.  xxix,  page  43J 
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Tub  Sc&sw-— An  origioal  device— >Varioa8  modes  of  conttruclin^  it— Roman  Screw— Often  re-inTented 
-introduced  into  England  from  Germany— Combination  of  several  to  raise  water  to  great  elevations- 
Marquis  of  Worcester's  proposition  relating  to  It,  exemplified  by  M.  Paitu — Ascent  of  water  in  it 
fennerljr  considered  inexplicable— its  history— Not  invented  by  Arcbimedus — Supposed  to  have  been  in 
early  OM  in  Efjrptr— Vitruvius  silent  respecting  its  author— Conon  its  inventor  or  re-inventor— This  phi- 
losopher famous  for  his  flattery  of  Ptolemy  and  Berenice — Dinocrates  the  architect— Suspension  of  metal 
.ie  substaDces  without  support — ^Tbe  screw  not  attributed  to  Archimedes  till  after  his  death — Inventions 
oAsB  given  to  others  than  their  authors— Screws  used  as  ship  pumps  by  the  Greekii — Flatterers  like 
CoBOa  too  often  found  among  men  of  science— Dedications  of  European  writers  often  bliisphemou»— 
Hereditary  tiilos  and  distinctions— Their  acceptance  unworthy  of  philotopliors — Evil  influence  of  seieo' 
tifie  men  in  aecepting  them— Their  denunciation  a  proof  of  the  wisdom  and  virtue  of  the  framers  of  the 
U.  8.  Conslitntioii— Their  extinction  in  Europe  desirable^Plato,  Solon,  and  Socrates— George  111— 
Geortre  IV — James  Watt — Arago— Description  of  the  *Syracusao,'  a  ship  built  by  Archimedes,  la 
which  the  Screw  Pump  was  used. 

The  Cochleon  or  Egyptian  Screw,  the  machine  next  described  by 
Vitruvius,  is,  in  every  respect,  the  most  original  one  of  which  he  has  giv 
en  an  accounL  Unlike  the  preceding,  which  appear  to  have  been  m  a 
great  measure  deduced  from  each  other,  it  forms  a  species  of  itself;  and 
whoever  was  its  inventor,  he  has  left  in  it  a  proof  of  his  genius,  and  a 
lasting  monument  of  his  skill.  If  it  be  not  the  earliest  hydraulic  engine 
that  was  composed  of  tultcs^  or  in  the  construction  of  w^hich  \hey  were  in- 
troduced, it  certainly  is  the  oldest  one  known  of  that  description ;  and  in 
its  mode  of  operation  it  differ?  essentially  from  all  other  ancient  tube  ma 
chines  ;  in  the  latter  the  tubes  merely  serve  as  conduits  for  the  ascending 
WKier.  and  as  such  are  at  rest;  while  in  the  screw  it  is  the  tubes  themsoives 
hi  motion  that  raises  the  liquid. 

1? 


This  niBchin 
by  wiuding^,  i 


'I%e  Screw. 
s  been  constructed  in  a 
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tv  of  «-avs.  Snmrtime. 
screw,  one  'or  more  fl^jil  le  tul«^ 
(generaily  of  lead  or  stron;^  leath- 
er) round  a  oylinJur  of  wood  or 
*  iron.  This  cylinder  is  susiaineJ 
by  gudgeons  in  such  a  position, 
'  that  at  whatever  angle  with  the 
horizon  it  is  \isfiii,  tJic  plane  of 
!  the  helix  must  always  be  inclined 
to  its  axis  a',  a  greater  angle ;  odt- 
erwise  no  water  could  be  raised 
by  it  any  more  than  by  turning 
it  in  the  wrong  direction.  The 
lower  end  being  Immersed  in  wa- 
ter, the  liouid  enters  the  tube  and 
is  gradually  raised  by  each  revo- 
lution until  it  is  discharged  above. 
Those  machines  are  commonly 
used  at  an  inclination  to  the  hon- 
zon  of  about  45°,  although  they 
someiin.es  are  placed  at  60°.  See 
the  figui-e 

No.  Mt  Screw.  Instead  of  tulies  wound  round 

a  cylinder,  large  grocves  were  sometimes  formed  in  the  latter  and  cover- 
ed by  ooards  or  sheets  of  metal,  closely  nailed  to  the  surfaces  between 
the  grooves — so  ihat  the  latter  might  be  considered  as  tubes  sunk  into 
the  cylinder,  instead  of  being  folded  round  its  exterior. 


Another  mode  was  to  make  the  threads  of  plank,  arranged  b«  a  helut 
round  a  solid  cyllndpr,  which  wag  fitted  with  journals,  and  made  tc 
revolve  in  ajixva  hollow  cylinder  of  the  same  length  :  the  edges  or  ex- 
tremities of  the  threads  rubbing  against  the  sides  of  the  latter,  and  con- 
sequently producir.g  the  r-ame  i^ffeci  as  No.  58.  This  modification  of  the 
cochleon  is  knowr  as  the  German  Snail.  It  has  this  advantage,  that  it 
may  be  worked  in  an  open  channel,  or  half  a  cylinder  instead  of  a  whole 
one,  since  it  is  only  the  lower  half  of  the  latter,  that  is  essential  to  the 
the  operation  of  raising  water.  Machines  of  this  kind  of  lai^  dimen- 
sions have  long  been  employed  by  the  Dutch,  and  are  generally  driven 
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by  windmills.  But  the  outer  cylinder  is  more  generally  tixed  to  itte 
edges  of  the  helix,  and  turned  with  it.  It  was  made  in  this  manner  oy 
the  ancient  Romans  ;  the  outer  cylinder  or  case  was  of  plank,  well  joint 
3d  together,  and  nailed  to  the  edges  of  the  screw,  and  the  whole  cemented 
w'«^h  pitch,  and  bound  together  by  iron  hoops.  It  was  moved  like  the 
noria,  &c.  '*  by  the  walk'ng  of  men."  Vitruvius,  B.  x,  Chap.  11.  See 
No.  59. 

The  screw  as  represented  in  the  preceding  figures,  has  never  been  lost 
to  the  world  since  its  invention,  although  it  has  long  oecn  unknown  in  that 
country  in  which  it  was  devised — Egypt.  It  appears  early  in  printed 
books.  In  the  first  German  edition  of  Vegetius,  (loll)  it  is  figured,  ana 
nearly  in  a  vertical  position.  A  laborer  with  a  feather  in  his  cap,  and  a 
swora  at  his  side,  is  seated  across  the  top  of  the  frame,  and  turns  it  by  a 
crank.^ 

Like  almost  every  other  hydraulic,  engine,  the  screw  has  often  been 
re-invented.  Cardan  mentions  a  blacksmith  of  Milan,  who  imagining  him- 
belf  its  original  inventor,  "  fc»r  joy,  ran  out  of  his  wits,*'  and  the  writei 
recollects  when  a  boy,  hearing  of  an  ingenious  shoemaker  m  much  the 
same  predicament.  It  appears  to  have  beer,  like  other  machines  for  tht 
same  purpose,  introduced  into  England  from  Germany.  "  The  Holland- 
ers, (says  Switzer,)  have  long  ago,  as  some  books  that  I  have  seen  ot 
theirs  of  fortification  intimate,  us'd  them  in  draining  their  morassy  and 
fenny  ground, yro/»  whence  they  have  been  brought  into  England;  and  used 
in  the  fens  of  Lincolnshire,  Cambridgeshire  and  other  low  countries. 
Those  of  the  smallest  kind  that  are  worked  by  men  have  only  an  iron 
handle,  as  a  grindstone  has;  but  the  largest  that  are  wrought  by  horses, 
have  a  wheel  like  the  cog-wheel  of  a  horse  mill.  This  engine,  (he  con- 
tinues,) which  takes  hold  of  the  water,  as  a  cork  screw  does  a  cork,  will 
throw  up  water  as  fast  as  an  overshot  wheel,  whereby  in  a  sliort  time,  an 
infinite  number  of  water  njay  be  thrown  up;  and  I  remember  when  the 
foundation  of  the  stately  bridge  of  Blenheim  was  laid,  we  had  some  of 
them  used  with  great  success ;  and  they  are  also  used  in  the  New  Rivei 
Works,  about  Newbury,  Berkshire,  and  said  to  be  the  contrivance  of  a 
common  soldier,  who  brought  the  invention  out  of  Flanders."  Hydros- 
Utics,  296,  298. 

When  employed  to  raise  w^ater  to  great  elevations,  a  senes  of  two 
three,  or  more,  one  above  another,  have  been  employed ;  the  lower  one 
discharging  its  contents  into  a  ba»n,  in  which  the  inferior  end  of  the  next 
above  is  immersed,  the  whole  being  connected  by  cog  wheels.  Thus  an 
old  author  observes,  "  you  may  raise  water  to  any  height  in  a  narrow  place, 
viz.  within  a  tower  to  the  top  thereof,  as  we  have  known  done  at  Au' 
sputa,  in  Germany  ;  Xa>  wit,  if  the  spiral  pipes  be  multiplied,  so  that  the 
water  being  i-aised  by  the  lower  spiral,  and  being  poured  out  into  some  re- 
ceptacle or  cistern  ;  hence,  it  may  be  raised  higher  again  by  another  spirai 
and  so  successively  by  more  spirals,  as  high  as  you  please,  all  which  spir 
als  may  be  moved  by  one  power,  viz.  by  the  water  of  a  river  underneath 
or  by  another  animated  power."     Moxon. 

It  was  one  of  the  objects  of  the  Marquis  of  Worcester,  and  his  '  nnpa- 
ralleled  workman,  Caspar  Kaltoff,'  to  avoid  the  necessity  of  thus  combir- 

*  Whetiier  sitting  was  the  usual  position  of  European  laborers  and  mechanics  wk«r 
at  work,  in  the  iniadle  ages,  we  know  not ;  but  Cainbden  has  a  remark  which  iutimatei 
tJiat  all  English  mechanics  had  not  in  his  time,  abandoned  this  oriental  custom  In  con* 
ciading  hi«  long  account  of  *'  the  States  and  Degrees  of  England,"  from  kings,  princes, 
dukes,  \nxdn.  knights,  ^.  he  continues,  "  lastly,  craAsmen,  artizans  or  workmen  ;  be  the] 
ihat  lab(*r  for  ki«e,  and  namely,  such  as  sit  at  toork,  mechamcke  art\ficer8,  s/mJis.  ctir 
^tnUrs,*'  4rc. 
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mg  a  number  of  tlijem  together,  as  appears  from  the  fifiy-third  propositior 
in  tho  *  century  of  inventions/  "  A  way  how  to  make  hollow  and  covei 
a  water  screw,  as  "  big  and  as  long  as  one  pleaseth,  in  an  easy  and  cheap 
way."  How,  and  of  what  materials  he  made  this,  is  not  known,  but  the 
nfty-fifth  proposition,  in  the  following  words,  has  been  fully  and  practical- 
ly developed  by  a  French  engineer.  "  A  douhle  water  screw,  the  inner- 
most to  mount  the  water,  and  the  outermost  for  it  to  descend,  more  in 
number  of  threads,  and  consequently  in  quantity  of  water,  though  much 
ohorter  than  the  innermost  screw  by  which  the  water  ascendeth  ;  a  most 
extraordinary  help  for  the  turning  the  screw  to  make  the  water  rise."  In 
1815,  M.  Pattu  published  an  account  of  the  following  improvements,  by 
which  the  ideas  of  Worcester  are  realized. 


No.  60. 


No.  61. 


No.  63. 


No.  60.  represents  two  separate  screws  formed  on  the  same  axis,  one 
of  which.  A,  is  long  and  narrow  and  serves  for  the  nucleus  of  C,  which 
IS  much  wider  and  shorter.  This  is  designed  to  propel  the  former.  The 
threads  of  both  wind  round  the  axis  in  opposite  directions,  so  that  when  those 
on  one  appear  to  be  moving  upwards,  those  on  the  other  seem  to  be  going 
downwards.  The  water  from  the  stream  M,  is  directed  into  the  top  of 
the  large  screw,  and  by  its  weight  (as  on  an  overshot  wheel)  puts  the 
whole  in  motion,  and  consequently  the  water  at  O,  in  which  the  lower  end 
of  A  revolves,  is  raised  into  the  cistern  at  B.  No.  61  is  merely  the  same 
Tiachine  inverted.  It  illustrates  the  applications  to  such  locations  as  have 
1  short  fall  above  the  place  to  which  the  water  is  to  be  raised.  In  No.  62 
the  small  screw  drives  the  large  one,  through  which  the  water  from  the 
lowest  level  is  raised  sufficiently  high  to  be  discharged  at  an  intermediate 
one,  as  at  G.  From  these  figures  it  will  be  perceived  that  the  screw  has 
*jeen  employed  like  the  noria  and  the  chain  of  pots,  to  transmit  power. 

This  machine  was  formerly  considered  as  exhibiting  a  very  singular 
paradox,  viz.  that  the  water  "  ascended  by  descending,"  and  the  mystery 
was,  how  both  these  operations  could  be  'performed  at  the  same  time,  and 
yet  produce  so  strange  a  result  It  was  remarked  that  when  those  form- 
ed of  glass,  were  put  in  motion,  the  water  ran  down  the  under  side  of  each 
cum  of  the  tubes,  and  continued  thus  to  descend  until  it  was  discharged 
dt  the  top  1  The  whole  operation  and  the  effects  being  visible,  there 
»eemed  no  room  for  dispute,  however  contrary  to  acknowledged  princi- 
ples the  whole  might  appear.  The  case  wa?  apparently  inexplicable,  and 
ieemed  to  present  a  parallel  one  to  that  of  the  asymtote  ;  the  propertiei 
of  the  latter  being  as  incapable  of  demonstration  to  the  senses^  as  the  sup- 
posed operation  of  this  machine  could  be  reconciled  to  the  7nind.  Indeed 
.he  proposition,  that  two  geometrical  lines  may  continue  to  approach  each 
jther  forever,  without  the  possibility  of  coming  in  contact,  is  apparently-, 
4uiie  as  impossible,  as  that  water  should  ascend  an  inclined  plane,  by  the 
m^re  exercise  of  its  own  gravity.     But  the  idea  of  water  descending  Jb 
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its  passage  through  the  screw  was  altogether  an  illusion.  On  the  contra 
ry,  it  is  uniformly  raised  by  the  continual  elevation  of  that  part  of  the  tubt; 
which  is  immediately  behind  the  liquid,  and  which  pushes  it  up  in  &  man- 
liCi  analagous  to  that  represented  by  the  following  diagram. 

Suppose  A  Y,  the  edge 
of  a  wide  strip  of  cloth 
or  tape,  secured  at  both 
ends,  at  an  angle  with 
the  horizon,  as  repre- 
sented, and  upon  which 
the  boy's  marble  or 
ball  at  P,  can  roll.  If 
we  hold  the  pen  with 
which  we  are  writing 
nrier  the  tape  between  P  Y,  and  raise  that  part  into  the  position  indicated 
\  V  the  dotted  lines ;  the  ball  •^^ould  necessarily  be  pushed  forward  to  E  ; 
an  j  if  the  pen  were  then  drawn  tov;ards  B  on  the  line  D  B,  the  ball  would 
te  carried  up  to  A,  and  without  deviating  in  its  path  from  the  line  Y  A, 
li*  A  Y  were  the  under  side  of  a  flexible  pipe  or  gutter,  containing 
water  at  E  in  place  of  the  bali;  it  is  obvious  that  it  would  also  be  raised 
to  A.  in  a  like  manner.  By  the  same  principle  water  is  raised  in  the  screw, 
?nd  we  may  add,  in  much  the  same  way,  for  the  rotation  of  the  screw  is 
jnerely  another  mode  of  effecling  the  same  thing,  which  we  have  suppos- 
ed to  be  done  more  directly  by  the  pen,  i.  e.  by  producing  a  continual  ele- 
vation of  the  plane  immediately  behind  the  ball  or  the  water.  The  path 
of  the  latter  through  a  screw  Is  the  same  as  that  of  the  ball,  while  the 
curvr-8  assumed  by  the  tape,  ac  in  the  dotted  lines,  represent  sections  or 
tV«H  helix,  and  the  lines  D  B,  A  Y,  of  the  cylinder  within  which  it  is 
formed. 


All  the  ancient  machines  hitherto  exam.»ried,  have  come  down  from  pe 
riods  so  extremely  remote,  that  not  a  single  circumstance  connected  with 
their  origin  or  their  authors  has  been  preserved.  The  screw  is  the  first 
fcaciiine  for  raising  water,  whose  inventor,  or  alleged  inventor,  has  been 
named ;  and  yet,  from  the  imperfect  and  mutilated  state  of  such  ancient 
writings  that  incidentally,  mention  it,  and  the  loss  of  others  which  treated 
professedly  on  it,  the  question  of  its  origiii  is  far  from  being  settled.  Al- 
though il  is  said  to  have  been  invented  by  Archimedes  and  has  long  been 
named  after  him,  there  are  circumstances  which  render  it  probable  that 
Diodorus  Siculus  and  Atheneus  wert,  mistaken  when  they  attributed  it 
to  the  great  philosopher  of  Syracuse.  Had  the  account  of  this  machine 
which  Archimedes  himself  wrote,  been  preserved,  there  would  have  been 
T!0  occasion  to  reason  on  its  origin  or  its  author ;  but  unfortunately  this,  as 
well  as  his  description pf  pneumatic  and  hydrostatic  engines,  **  concerning 
which  he  wrote  some  books,"  are  among  those  that  have  perished. 

There  is  no  reason  to  believe  that  Archimedes  himself  ever  claimed  its 
invention ;  and  his  countryman  Diodorus,  who  lived  two  hundred  years 
ifter  him,  and  upon  whose  authority  chiefly  it  has  been  attributed  to  him, 
admits  that  it  was  invented  by  him  in  Egypt ;  thus  allowing  it  to  have  been 
devised  in  that  country,  whence  the  Greeks  derived  all  or  nearly  all  that 
was  valuable  in  their  philosophy  and  their  arts.  Every  person  knows 
that  Egypt  was  the  grand  school  for  the  nations  of  old,  in  which  the  learn- 
ed men  of  other  countries  were  instructed  in  every  branch  of  philosophy— 
T'lr  the  cultivation  of  which  the  Egyptians  were  celebrated  even  in  the 
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time  of  Mosefl — Whence  it  frequently  happened,  that  after  returning  to 
their  homes  itnbued  with  the  *  wisdom  of  Egypt,'  philosophers  were  con- 
side  red  by  their  countrymen  as  the  authors  of  doctrines,  discoveries  and 
machines,  which  they  had  acquired  a  knowledge  of  as  pupils  abroad.     It 
is  not  therefore  impossible,  that  that  which  occurred  to  Thales  and  Pvth- 
auroras,  Lycurgus  and  Solon,  Plato  and  many  other3,  may  also  have  nvo- 
pened  to  Archimedes  with  respect  to  this  machine.     It  has  been  suDT»o5ed 
that  the  screw  was  employed  in  Egypt  ages  before  he  virited  *Ji3t  country 
of  this,  however,  there  is  no  direct  proof;  perhaps  an  examination  of  tne 
immense  mass  of  sculptures  in  the  temples,  and  tombs  of  Thebes  and  Beni 
Hassan,  &c.  may  yet  bring  to  light  facts  illustrative  of  the  use  of  this  and 
other  machines  for  the  same  purpose  in  very  remote  times.     Its  ancient 
name  of  Ef^yplian  screw  indicates  its  origin. 

The  silence  of  Vitruvius  respecting  its  origin,  if  Archimedes  was  the 
inventor,  is  singular ;  for  through  the  whole  of  his  work  he  appears  stu- 
dious to  record  the  names  of  inventors.  He  was  contemporary  with 
Diodorus,  and  had  therefore  equal  opportunities  of  ascertaining  its  history 
while  from  his  profession,  and  the  nature  of  his  work,  a  more  perfect  ac< 
count  of  it  would  be  expected  from  him  than  from  the  other.  The 
Roman  architect  had  indeed  every  inducement,  (except  such  as  were  un- 
worthy of  him,)  to  record  tl>e  name  of  the  Prince  of  Ancient  Mathemati- 
cians as  its  author,  if  such  he  knew  him  to  be.  The  reputation  of  Ar 
chimedes;  his  splendid  discoveries;  his  famous  defence  of  his  native  city; 
his  melancholy  death  ;  the  interest  which  Marcellus  took  in  his  fate ;  the 
erection  of  his  tomb  by  that  General ;  and  its  discovery  by  Cicero  amidst 
thorns  and  rubbish,  one  hundred  and  forty  years  after  his  cleath,  and  in  th« 
lifetime  of  Vitruvius — induce  us  to  believe  that,  as  a  candid  philosopher 
and  admirer  of  learned  men,  and  of  Archimedes  himself,  (B.  i.  Chap.  1.) 
he  would  certainly  have  awarded  to  the  latter  the  honor  of  its  invention, 
if  he  believed  him  entitled  to  it,  either  from  the  testimony  of  ancient  wri- 
ters, or  from  traditional  report. 

But  if  this  machine  was  not  invented  by  him,  to  whom  then  is  the 
world  indebted  for  itt  We  reply — if  it  really  be  not  more  ancient  thasB 
the  Ptolemaic  era — to  a  Grecian  philosopher  of  Samos,  who  was  contem- 
porary with  Ai chimedes.  Some  readers  will  recollect  that  when  Ptolemy 
iCvergetes,  the  son  and  successor  of  Philadelphus,  departed  on  a  dangerous 
expedition,  the  success  of  which,  according  to  Rollin,  was  foretold  by 
Daniel,  (xi,  7,  9,)  his  wife  Berlmce,  influenced  by  a  principle  of  supersti- 
tion, that  at  one  time  was  universal,  vowed  to  sacrifice  her  greatest  orna- 
ment, the  hair  of  her  head,  to  the  Goddess  Venus,  if  he  was  8ucce5sf.i!* 
and  restored  to  her  in  safety.  Upon  his  victorious  return,  she  cut  off  her 
lock?  and  dedicated  them  in  that  temple  which  Philadelphus  had  founded 
in  h'-  .or  of  her  mother  Arsinoe ;  the  dome  of  which  temple  was  intend- 
ed to  have  been  lined  with  loadstone,  that  the  iron  statue  oi  Arsinoe  might 
be  suspended  In  the  air ;  but  the  death  both  of  Dinocrates  the  architect, 
and  Philadelphus,  prevented  the  completion  of  a  btiilding  that  would  have 
rivalled  the  most  perfect  of  all  human  productions  ;  a  work,  which  probi- 
bly  gave  rise  to  the  story  of  the. suspension  of  Mahomet's  coffin.* 

*  That  metallic  mbstances  have  been  actually  suppended  withnut  any  tangible  nipport 
appears  from  Poiicet.  to  whose  travels  in  Abyssinia  we.  referred  in  the  last  chapter.  He 
'declares  that  he  beheld  in  a  mona.«tery  in  that  countr}',  a  iroiden  staff  abont  four  feet 
lon/ET,  thus  suspended  in  the  air ;  and  to  detect  any  deception  he  desired  pemH3sion  to 
examine  it  closely,  to  ascertain  whether  there  was  not  some  invisible  prop  or  support 
"  To  take  away  all  doubt  (he  says)  I  passed  my  cane  over  it  and  jnder  it,  and  on  al 
sides,  and  found  tliat  this  staff  of  gold  did  truly  hang  of  itself  in  the  air.*'  Ed.  FiOcye 
Vol.  xiii,  p.  46. 
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Sometime  afterwards,  this  consecrated  hair  was  missing  from  the  tern- 
I.e.  having  been  lost  through  the  negligence  o^  the  priests,  or  perhaps 
lesignedly  concealed.  No  occurrence  was  more  likely  to  create  alarm 
among  a  superstitious  people,  or  to  excite  the  ire  of  a  despotic  monarchy 
aian  such  an  insult  to  their  Gods,  and  to  his  favorite  queen.  In  this  di- 
lemma,  an  astronomer  of  Alexandria,  m  order  to  make  his  court  to  Ever- 
getes,  had  the  effrontery  to  give  out  publicly  that  Jupiter  had  carried  off 
Qie  locks  of  Berenice  to*  heaven,  and  had  formed  them  into  a  constellation  ! 
And  as  a  proof  of  his  assertion  he  pointed  to  an  unformed  cluster  of  stars 
i:*tar  the  tail  of  Leo,  as  Berenice's  hair !  And  *  Coma  Berenir^es'  is  the 
nariie  by  which  these  stars  are  known  to  this  day. 

It  was  this  artful  courtier  and  astronomer  who  either  invented  or  re-in- 
vented the  screw.  He  was  named  Conon  of  Samm^  and  sometimes 
Conon  of  Alexandriaf  from  his  residence  in  Egypt.  He  was  an  intimate 
frieLd  of,  and  greatly  esteemed  by  Archimedes ;  and  it  would  seem  that 
they  communicated  their  writings  and  discoveries  to  each  other.  When 
the  former  devised  this  machine,  Archimedes  we  are  told  dcnwmtrated 
andjully  explained  its  properties  ;  for  Conon  himself  was  not  fortunate  in 
his  demonstrations.  (Bayle.)  From  this  circumstance  the  name  of  its  in 
Tenlor  was  in  time  forgotten,  and  it  eventually  became  known  as  the  Ar- 
chimedian  screw  ;  but  pi^obably  not  till  long  after  the  death,  both  of  its 
author  and  illustrator. 

Similar  instances  are  not  uncommon  in  modern  times ;  they  have  'n  fact, 
Uways  occurred.  Thus,  the  instrument  known  as  Hadley's  Quadrant  was 
really  invented  by  Godfrey  of  Philadelphia.  The  compass  was  known 
before  Flavio  Gioia,  although  the  Fleur  de  Lis,  by  which  he  designated 
the  north  in  compliment  to  his  sovereign,  is  used  to  this  day.  Gunpowder 
was  used  ages  before  Schwartj  was  bom — and  these  continents  bear  the 
r.ame  of  Vespucci,  not  that  of  Columbus  or  Behaim. 

As  Conon  died  before  Archimedes,  (see  Bayle)  and  probably  in  Egypt, 
it  is  very  possible  (supposing  it  originated  with  the  former)  diat  it  was 
first  introduced  into  Europe  by  the  latter  ;  a  circumstance  quite  sufficient 
to  connect  his  name  permanently  with  it  there.  Atheneus  mentions  par- 
ticularly its  application  by  him  to  raise  water  from  the  hold  of  the  ship, 
uhich  was  built  under  hie  directions  for  Hiero ;  and  if  an  observation  of 
the  same  author  can  be  relied  on,  it  is  evident  that  he  was  the  first  to 
make  it  known  to  Grecian  manners ;  for  he  asserts,  that  they  held  his 
memory  in  great  estimation,  for  having  enabled  them  to  carry  off  the  wa- 
ter from  the  holds  of  their  vessels  by  it. 
>  ^"  ^^^^^^^ 

h  \B  greatly  to  be  regretted  that  men  of  science  should  ever  be  found 
amrng  t'he  flatterers  of  despots;  yet  the  obsequiousness  of  Conon  has  been 
imitated  in  modem  as  in  ancient  times.  Custom  may  yet,  in  some  deirree 
sanction  or  rather  sci«en  the  practice  from  reproacVi ;  but  the  period  is, 
we  oelieve,  rapidly  approaching  when  it  will  be  subjected  to  general  de- 
rision, as  not  onN'  injurious  to  the  reputation  of  scientific  men  themselves, 
but  'ju  science  ana  the  world  at  large.  Our  sentiments  on  this  subject  may 
1  e  reprobated  by  some  persons,  and  approved  of  by  few, — still  we  believe 
they  are  such  as  conduce  to  the  general  welfare  of  our  race,  and  such  as  will 
on«?  Gay  universally  prevail,  and  believing  this,  we  express  them  without  he- 
firation — others  may  condemn  them  as  out  of  place  here,  but  in  our  opinion 
the  evils  they  deprecate  will  not  be  removed  until  they  are  generally  de- 
Qounced  in  works  devoted  to  the  arts.  Nay,  we  would  introduce  such 
lentimimts  into  school  books,  that  children  may  not  be  ta-jght  to  worship  a 
"^^n  on  account  of  his  titles,  but  to  revere  virtue  and  admire  well  culti 
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rated  talents  wherever  they  are  found.     '  We  might  as  well  (says  Seiwoa, 
commend  a  horse  for  his  splendid  trappings,  as  a  man  for  his  pompous  ad 

OttlOTlB,* 

Let  ar.y  ur sophisticated  mind  peruse  the  dedications  of  European  works, 
in  almost  all  departments  of  science,  for  the  last  two  centuries,  and  he 
will  find  every  attrihut-e  of  the  Deity  blasphemously  lavished  on  the  vUeU 
of  princes,  and  on  titled  dolts,  with  a  degree  of  ardor  and  apparent  sin- 
cerity, that  is  as  loaths\:me  as  the  grossest  practices  &f  heathen  idolatry.  At 
the  same  time,  these  individuals  who  thus  idolize,  sometimes  an  idiot,  at 
others  an  infant,  and  often  a  brute,  affect  pity  for  the  ignorance  and  super 
stition  of  ancient  pagans  and  modern  savages. 

But  why  this  display  of  servile  adulation  1  Formerly  to  obtain  hread : 
in  later  times  to  procure  tiiley  hereditary  title. 

If  there  is  one  class  of  men,  whose  extensive  knowledge  of  nature 
md  the  sublimity  of  whose  studies  should  lead  them  thoroughly  to  iieh 
pise  the  tinsel  and  trappings  of  courts,  and  the  unnatural,  and  to  the 
threat  mass,  degrading  distinctions  in  European  society,  it  is  astronomers ; 
men  whose  researches  are  preeminently  calculated  to  ennoble  the  mind^ 
whose  labors  have  elicited  the  highest  admiration  oi  their  talents,  and 
whose  discoveries  have  opened  sources  of  intellectual  pleasures  so  refined, 
that  pure  intelligences  might  rejoice  in  them.  That  such  men  should  stoop 
to  lay  at  the  feet  of  Ignorant  and  sensual  despots,  their  fame,  their  learning, 
and  In  some  degree  the  science  of  which  they  are  the  conservators,  and 
accept  from  those,  who  are  immeasurably  their  inferiors,  what  are  prepos- 
terously named  titles  of  hanor^  i.  e.  puerile  and  artificial  distinctions, 
which,  while  they  profess  to  advance  those  who  are  already  in  the  fore- 
most ranks  of  society — really  lower  and  degrade  them — titles,  relics  of 
times  when  men  were  advanced  but  a  few  steps  from  the  savage  state,  anfl 
conferred  by  ceremonies  which  are  the  very  essence  of  buffoonery,— is 
truly  one  of  the  most  lamentable  facts  connected  with  the  history  of  mo- 
dem science. 

Learned  men  by  thus  connecting  themselves  with  the  state,  consummate 
an  unholy,  an  unnatural  alliance,  and  subject  even  science  herself  (al- 
though they  may  not  intend  it)  to  politicians  to  speculate  on.  They  in  a 
measure,  commit  suicide  on  their  fame,  by  thus  supporting  political  insti- 
tutions, that  can  only  exist  by  silencing  the  throbbings  and  stifling  the  aspi- 
rations of  the  general  mind  after  knowledge ;  institutions,  which,  like  uie 
old  errors  in  philosophy,  are  destined  to  be  exploded  forever.  It  will,  we 
think,  one  day  appear  strangely  incongruous,  that  some  of  the  brightest 
luminaries  of  science  should  have  turned  to  royal  despots  for  factitious  rank; 
as  if  they,  in  whose  fair  fame  the  world  feels  an  interest,  could  descend  from 
their  radiant  spheres  to  move  as  satellites  around  such,  with  an  increase 
of  lustre  !  Who  can  behold  without  sorrow,  these  men  rendering  homage 
ny  kneeling  and  other  more  disgusting  mummeries,  to  individuals  who  are 
not  ofily  their  inferiors  in  every  attribute  that  adorns  humanity,  but  often  the 
most  atrociouj  of  criminals,  and  sometimes  mere  insensates ;  to  beg  a  por- 
tior.  f?^  honor,  and  a  title  to  use  it !  When  the  world  becomes  free  and 
enlight(;ned,  such  examples  will  be  adduced  as  illustrations  of  the  vaga- 
ries and  inconsistencies  of  the  human  mind ;  and  patents  of  nobility  and 
hereditary  titles  of  honor,  especially  from  such  sources,  will  be  looked 
upon  js  satires  on  science,  on  the  ag^,  and  on  the  intellect  of  man. 

Th«*se  titles  form  the  most  conspicuous  feature  in  that  system  of  impo- 
xfion  by  which  the  European  world  has  too  long  been  deluded  and  de- 
based ;  and  in  a  political  point  of  view,  the  friends  it  man*s  inalienable 
rights,  and  of  the  amelioration  of  his  coiiw  ^-ht'i  h       ilwijs  regret,  thaS 
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scientific  men  should  have  lent  their  example,  to  sustain  distinctions  that 
are  a  curse  to  the  world.  This  conduct  of  theirs,  perhaps  more  than  any 
jther  cause,  tends  to  uphold  despotism  on  the  earth.  Of  their  influence  in 
this  respect,  modern  despots  are  fully  aware,  and  which  they  evince  by 
their  anxiety  to  enlist  in  their  train,  every  man  eminent  in  any  department 
of  the  arts  or  of  science ;  and  many  of  these,  it  is  to  be  deplored,  they  too 
often  tickle  with  a  feather,  or  amuse  with  a  trinket,  while  they  put  a  bridle 
in  their  lips  and  yoke  them  to  their  cars. 

The  lust  after  titles  and  distinctions,  incident  to  monarchical  goverv*- 
ments,  is  in  the  political  and  moral  world,  what  the  scrofula,  or  '  king'b 
evil'  is  in  the  physical :  It  destroys  the  healthy  and  natural  organization 
of  socuily,  taints  its  fiilrest  features  with  hereditary  disea«  .  ana  renders 
the  wiioic  co:Tupt.  T)kC  wisdom  of  the  fathers  of  our  republic  wa»  not 
more  conspicuous  than  tlicir  virtue,  when  they  denounced  such  titles  ana 
distinctions  as  forever  incompatible  with  the  constitution.  Sweep  them 
from  the  earth  and  man  in  the  eastern  hemisphere  would  become  a  regene- 
nited  being.  Nations  would  no  longer  be  kept  in  commotion  and  dread, 
nor  thoir  resources  be  consumed  by  political  and  military  gladiators ;  nor 
would  tlie  abominable  boast  of  one  people  in  conquering  and  plundering 
anotlier  be  deemed  creditable ;  but  when  peace  and  virtue,  science  and 
the  arts,  would  alone  confer  honor,  and  their  most  distinguished  cultivators 
be  deemed  the  most  noble. 

Plato  was  no  worshipper  of  Dionysius,  nor  Solon  of*  Croesus ;  and 
when  the  talented  but  unprincipled  Archelaus  of  Macedon,  drew  numer- 
ous philosophers  around  him,  by  his  wealth  and  the  honors  he  conferred 
on  them,  Socrates  refused  even  to  visit  him  as  long,  said  he,  as  bread 
i^hs  cheap  and  water  plenty  at  Athens. 

Although  the  ancient  world  confirmed  the  name  given  to  one  of  the 
constellations  by  Conon,  the  modem  one  refused  to  sanction  a  similar  at- 
tempt to  designate  the  remotest  planet  in  our  system,  after  the  name  of  a 
king  who  was  remarkable  for  his  lack  of  intelligence — a  bigot — and  who,  to 
preserve  his  prerogative,  shed  blood  as  water.  Yet  to  that  man,  and  to 
his  son  and  successor,  who,  if  he  possessed  more  intelligence  than  the  pa- 
rent, was  the  grossest  sensualist  of  the  age,  and  contact  with  whom  was 
pollution,  did  some  of  the  votaries  of  science  kneel  as  to  'the  fountains 
fF  honor!*  and  to  receive  a  portion  of  it  at  their  hands!  while  a  wit- 
chanic^  to  whose  glory  it  will  ever  be  mentioned,  could  duly  appreciate 
the  offered  bauble  and  reject  it,  if  not  with  disdain.  James  Watt,  the  ma 
thematical  instrument  maker  of  Glasgow,  the  great  improver  of  the  steam- 
engine,  who  conferred  more  benefits  on  his  country  than  all  the  monarchs 
mat  ever  ruled  over  it,  and  all  the  statesmen  and  warriors  which  it  evei 
produced — refused  a  title.  And  who  ever  regretted  that  Milton  was  not 
a  knight,  or  Shakespeare  a  marquis,  or  Franklin  a  lord  ;  or  that  some  of 
the  greatest  poets  and  philosophers,  philanthropists  and  mechanicians,  that 
^er  lived,  are  known  to  us  simply  as  such,  without  having  had  their 
names  bolstered  up  with  prepof?terous  appendages  1  And  who  ever  sup- 
posed they  were  less  happy  without  them,  less  vigorous  and  successful  iu 
iheiE  researches ;  less  respected  by  contemporaries,  or  less  revered  by 
posterity  1 

Long  after  these  remarks  were  wntten,  M.  Arago's  Memoir  of  "Watt, 
reached  this  country,  and  on  perusing  It,  we  could  not  but  imile  at  the  dis- 
appointment expressed  by  the  great  French  philosopher,  that  his  friend 
was  not  made  nj/eer.  "When  I  inquired  into  the  cause  of  this  neglect, 
[he  observes,]  what  think  3'ou  was  the  response  1  Those  dignities  of 
wlilch  you  s]>eak,  I  was  told,  are  reserved  for  naval  and  military  ofHcers ; 
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for  influential  members  of  the  House  of  Commons,  and  fix  neml)er8  of  the 
aristocracy.  *  It  is  riot  the  custonij  and  I  quote  the  very  phrase,  to  grant 
these  honors  to  scientific  and  literary  men,  to  artists  and  engineers."  He 
adds,  "so  much  for  the  worse  for  tlie  peerage."  Well  be  it  so.  In  oui 
humblfi  opinion,  it  is  so  much  the  better  for  the  memory  of  Watt.  What 
had  such  a  man  to  do  in  a  house  that  presses  like  an  incubus  on  the  ener- 
gies of  his  country,  and  the  claims  to  a  seat  in  which,  are  too  often  such 
as  are  disgraceful  to  our  common  nature]  An  infinitely  higher  honor 
awaits  him ;  for  both  Watt  and  his  illustrious  eulogist  are  destined  to  oc 
cupy  distinguished  stations  in  that  Pantheon,  which  is  yet  to  be  erected, 
whose  doors  will  be  opened  only  to  the  BENEFACT(3RS  OF  MAN- 
KIND. 


There  are  several  interesting  particulars  mentioned  by  Athcneus,  respect- 
mg  tlie  magnificent  ship  named  the  *Syracuflan/  which  was  built  under  the 
directions  of  Archimedes,  and  to  which  we  have  alluded.  From  rhe  fo'low- 
ing  brief  description,  it  will  be  perceived,  that  for  richness  of  decoration ; 
real  convenienci€s  and  luxuries,  (for  even  that  of  a  library  was  not  over- 
looked,) she  riva'led,  if  she  did  not  excel,  our  justly  admired  packets  and 
steam  ships. 

Three  hundred  carpenters  were  employed  in  building  this  vessel,  which 
w^as  completed  in  one  year.  The  limber  for  the  planks  and  ribs  were 
obtained  partly  from  Mount  Etna,  and  partly  from  Italy ;  other  material;^ 
from  Spain,  and  hemp  for  cordage  from  the  vicinity  of  the  Rhone.  Sha 
was  every  where  secured  with  large  copper  nails,  [bolts]  each  of  which 
weighed  ten  pounds  and  upwards.  At  equal  distances  all  round  the  ex- 
terior were  statues  of  Atlas,  nine  feet  in  height,  supporting  the  upper 
decks  and  triglyphs ;  besides  which  the  whole  outside  was  adorned  with 
paintings;  and  environed  with  ramparts  or  guards  of  iron,  to  prevent  an 
enemy  from  boarding  her.  She  had  three  masts ;  for  two  of  these,  trees 
sufficiently  large  were  obtained  without  mufch  difficulty,  but  a  suitable  one 
for  the  mainmast,  was  not  procured  for  some  lime.  A  swine-herd  acci- 
dentally discovered  one  growing  on  the  mountains  of  Bruttia.  She  was 
launched  by  a  few  hands,  by  means  of  a  helix,  or  screw  machine  invented 
by  Archimedes  for  the  purpose,  and  't  appears  that  she  was  sheathed  with 
sh.eet  lead.*  Twelve  anchors  were  on  board,  four  of  which  were  of  w^ood 
and  eight  of  iron.  Grappling  irons  were  disposed  all  round,  which  b^ 
means  of  suitable  engines  could  be  thrown  into  enemies'  ships.  Upon 
each  side  of  this  vessel  were  six  hundred  young  men  fully  armed,  and  an 
equal  number  on  the  masts  and  attending  the  engines  for  throwing  stones 
Soldiers,  [modern  marines]  were  also  employed  on  board,  and  they  were 
supplied  with  ammunition,  i.  e.  stones  and  arrows,  *by  little  boys  tha* 
were  below,'  [the  powder  monk'.es  of  a  modern  man  of  war,]  who  sen 
them  up  in  baskets  by  means  o'l  pulleys.  She  had  twenty  ranores  of  oar*. 
Upon  a  rampart  was  an  engine  invented  by  Archimedes,  which  couW 
throw  arrows  and  stones  of  tnree  hundred  ponnd^,  to  the  distance  of  i 
stadium,  [a  furlong]  besides  others   or  defej:icd,  and  suspended  in  chaij  i 

of  brass. 

She  seems  to  have  been  what  is  v.ow  called  *  a  diree  decker,'  for  there 
were  *  three  gaVieries  or  corridors,'  from  the  lowed,  of  which,  the  sculors 
went  down  by  ladders  to  ths  hold.  In  the  middle  one,  were  thirty  rooms, 
in  each  of  which  were  four  beds  ;  the  floors  were  paved  with  small  stonef 

•European  ships  were  sheathed  with  sheet  lead  in  the  17th  century,  at  which  lime 
alio  wooden  sheathing  was  in  Toj;ae.    See  Colliers*  Diet.  Vol.  i.  An.  Cnxl^'H 
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c»f  JifTerent  colors,  (mosaics)  representing  scenes  from  Homer's  illad 
The  doors,  windows  and  ceilings  were  finished  with  *  wonderful  art.*  and 
embellished  with  every  kind  of  ornament.  The  kitchen  is  raenilc'rjed  as 
on  this  deck  and  next  to  the  stern,  also  tiiree  large  rooms  for  eating.  In 
the  third  gallery  were  lodgings  for  the  soldiers,  and  a  gymnasium  or 
place  of  exercise.  There  were  also  gardens  in  this  vessel,  in  which 
various  plants  were  arranged  with  taste  ;  and  among  them  walks,  propor- 
tioned to  the  magnitude  of  the  ship,  and  shaded  by  arbors  of  ivy  and 
vines,  whose  roots  were  in  large  vessels  filled  with  earth.  Adjacent  to 
these  was  a  room,  named  the  *  apartment  of  Venus,*  tlie  floor  of  which 
was  paved  with  agate  and  other  precious  stones  :  the  m  alls,  roof  and 
windows  were  of  cypress  wood,  and  adorned  with  vases,  statues,  paint- 
ings, and  inlaid  with  ivory.  Another  room,  the  sides  and  windows  of 
which  were  of  box  wood,  contained  a  library  ;  the  ceilings  represented 
the  heavens,  and  on  the  top  or  outside  was  a  sun  dial.  Another  apart- 
ment was  fitted  up  for  bathing.  The  water  was  heated  in  three  largt? 
copper  cauldrons,  and  the  bathing  vessel  was  made  of  a  single  stone  of 
variegated  colors.  It  contained  sixty  gallons.  There  were  also  ten  sta- 
h?es  pUcec  on  both  sides  of  the  vessel,  together  with  straw  and  corn  for  the 
horses,  ani  conveniences  for  the  horsemen  and  their  servants.  At  certain 
distances,  pieces  of  timber  projected,  upon  which  were  piles  of  wood 
ovens,  mills,  and  other  contrivances  for  the  services  of  life. 

At  the  ship's  head  was  a  large  reservoir  of  fresh  water,  formed  of  plar.k 
and  ptf'hed.  Near  it  was  a  conservatory  for  fish,  lined  with  sheet  lead, 
and  'containing  salt  water ;  although  the  well  or  hold-  was  extremely 
deep,  cne  nan,  Atheneus  says,  could  pump  out  all  the  water  that  leaked 
intc  li::r,  by  a  screw  pump  which  Archimedes  adapted  tc  that  purpose. 
Th«2ie  were  probably  other  hydraulic  machines  on  board,  for  the  plants, 
bsttmg  apparatus,  and  kitchen,  &c.  The  upper  decks  were  supplied 
*vi  J:  water  by  pipes  of  earthenware  and  of  lead ;  the  latter,  most  like- 
\\ .  extending  from  pumps  or  other  engines  that  raised  the  liquid ;  for  there 
aS  reason  tc  believe  that  machines  analogous  to  forcing  pumps  were  at 
that  time  known. 

The  '  Syracusan'  was  laden  with  corn  and  sent  as  a  present  to  the 
King  of  Egyptj  upon  which  her  name  was  changed  to  that  of  the  *  Alex- 
andria.' Magnincent  as  this  vessel  was,  she  appears  to  have  been  sur- 
passed Ly  c^e  subsequently  built  by  Ptolemy  !Philopater ;  a  description 
of  which  is  given  by  Montfaucon,  in  the  fourth  volume  of  his  antiquities. 

For  the  Spiral  Pump  of  Wirtz,  «ee  the  end  of  the  3d  Book 
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CHAPTER    XVII. 

The  Craiw  Pump— Not  mentioiMd  by  Vitruriu*— Its  suppoaed  orifin — Reseiablance  b«twe*B  it  and 
Ihe  conim  >i  pump— Not  umU  by  the  Hiodoos,  Egyptians,  Greeks  or  RomaDs— Derived  from  CJiiiu»^ 
Descripuoa  af  the  Chinese  Fump  uid  the  various  modes  of  propelling  it — Chain  Pump  from  Africota 
Paternoster  Pumps — Chain  P^imp  of  Besson— Old  French  Pump  from  Belidor — Superiority  of  the  Chi- 
nese Puni|>~  Carried  by  the  ftpaniards  and  Dutch  to  their  Asiatic  possessions — Best  mode  of  making 
and  using  it — Wooden  Chains— Chain  Pump  in  British  ships  of  war — Dampier— Modem  improvements 
—Dutch  Pump— Cole's  Pump  and  experiments— Notice  of  Chain  Pumps  iu  the  American  Navy — De* 
acription  of  tiioee  in  the  United  States  Ship  Independence — Chinese  Pump  introduced  into  America  bj 
Van  Braam^  Employed  in  South  America— Recently  introduced  into  Egypt — Used  as  a  substitute  for 
Water  WiieeliH^-Peculiar  feature  in  Chinese  ship  building— 4ts  advantages. 

The  chain  pump,  although  not  described  by  Vitruvlus,  is  introduced  at 
this  Diace,  because  it  seems  to  be  the  connecting  link  between  the  chain  of 
pots  and  the  machine  of  Ctesibius.  Some  writers  suppose  it  to  be  derived 
from  the  former  ;  nor  is  the  supposition  improbable.  Numerous  local  cir- 
cumstances would  frequently  prevent  the  chain  of  pots  from  being  used 
In  a  vertical  position,  and  when  its  direction  deviated  considerably  from 
the  perpendicular,  some  mode  of  protecting  the  loaded  vessels  while  as- 
cending rugged  banks,  &c.  became  necessary.  An  open  trough  or  wood- 
en gutter  through  which  tliey  might  glide,  was  a  simple  and  obvious  de- 
vice, and  one  thai  would  occur  to  most  people ;  bu^  such  a  contrivance 
could  not  have  been  lon^:  in  use  before  the  idea  mus.Iiave  been  sugfgested. 
that  pieces  of  plank  or  any  solid  substance  which  would  occupy  the  entire 
width  of  the  gutter,  migljt  be  substituted  for  the  pots,  since  ihv'  would 
obviously  answer  the  same  purpose  by  pushing  the  water  before  them 
when  drawn  up  by  the  chain.  If  this  was  the  pre  cess  by  which  the  transi- 
tion of  the  chain  of  pots  into  the  chain  pump  was  eifected,  there  can  be 
Htije  doubt,  that  old  engineers  soon  perceived  the  aavantages  of  covering 
the  top  of  the  gutter,  and  converting  it  into  a  tu/fe  ;  as  the  machine  could 
then  be  used  with  equal  facility,  in  a  perpendicular,  as  in  any  other 
position. 

It  may  be  deemed  of  little  consequence  to  ascertain  the  circumstances 
which  led  to  the  invention  of  the  chain  pump ;  yet  a  knowledge  of  the 
period  when  this  took  place  would  be  of  more  than  usual  interest,  on  ac- 
count of  the  analogy  between  it  and  the  ordinary  pump,  and  of  the  rela- 
tionship that  appears  to  exist  between  them.  The  introduction  of  a  ttibe 
through  which  water  is  raised  by  pallets  or  pistons,  is  so  obvious  an  ap- 
proach to  the  latter,  that  it  becomes  desirable  to  ascertain  which  of  them 
bears  the  relation  of  parent  to  the  other,  or  which  of  them  preceded  the 
other.  But  to  what  ancient  people  are  we  to  look  for  its  authors  ?  Not 
to  the  Hindoos,  or  the  Egyptians,  for  it  is  incredible  that  either  of  these 
people  should  have  lost  it,  if  it  was  ever  in  their  possession.  Its  cheap 
and  simple  construction — its  efficiency  and  extensive  application,  would 
certainly  have  induced  them  to  retain  it  in  preference  to  others  of  less 
value.  Nor  does  it  appear  to  have  been  known  to  the  Greeks ;  for  their 
navigators  would  never  have  employed  the  .screw  as  a  ship  pump,  (ad 
Atheneus  says  they  did,)  if  they  had  r>c»?A  aixjuainted  with  this  machine. 
Of  a'l  hydraulic  tube  machuies,  Uie  a<ii«iW  oeems  the  most  unsuitable 
for  such  a  purpose.  It  peqyipus  tu  itii  inciined  at  an  angle  that  is  not  only 
inco*  /eiiiont  but  generally  unvttAUiiiOk!  m  ships.     But  if  the  Greeks  had 
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the  chain  pump,  the  Romans  would  have  received  it  from  them ;  whereaSj 
from  the  silence  of  Vitravius,  it  is  clear  that  his  countrymen  weie  not  ac 
quainted  with  iL  As  an  engineer,  he  would  have  been  sensible  of  iti 
value,  and  would  have  preferred  it  in  many  cases,  in  raising  water  from 
cofier-oams,  docks,  &c.  to  the  tympanum  and  noria,  which  he  informs  us 
were  employed  in  such  cases.*  Arch.  Book  v,  Cap.  12.  Moreover,  if  it 
was  employed  by  the  Romans,  it  would  have  been  preserved  in  use,  as 
well  as  other  machines  for  the  same  purpose,  .eitlier  in  Europe  or  in 
their  African  or  Asiatic  possessions ;  but  we  have  no  proof  of  its  use  at 
all  in  any  of  the  latter,  nor  yet  in  the  former,  till  comparatively  modem 
times. 

But  if  the  origin  and  improvement  of  the  chain  pump  is  due  to  one 
iiation  more  than  another,  to  whom  are  we  indebted  for  it  X  To  a  people 
as  distinguished  for  their  ingenuity  and  the  originality  of  their  inventions, 
hx  for  their  antiquity  and  the  peculiarity  of  many  of  their  customs  ;  and 
who  by  their  system  of  excluding  all  foreigners  from  entering  the  country 
have  long  concealed  from  the  rest  of  the  world  many  primitive  contrivan- 
ces, viz.  the  Chinese.  This  singular  people  appear  to  have  had  little 
or  no  communication  with  the  celebrated  nations  of  antiquity,  a  cir- 
cumstance to  which  their  ignorance  of  the  chain  pump  may  be  attribut- 
ed. This  machine  has  been  used  in  China  from  time  immemorial,  and 
as  connected  with  their  agriculture,  has  undergone  no  change  what- 
ever. The  great  requisites  in  their  husbandry  *' are  manure  and  wa- 
ter, and  to  obtain  these,  all  their  energies  are  devoted.''  Of  such  im- 
portance is  this  instrument  to  irrigate  the  soil,  that  every  laborer  is  in 
possession  of  one ;  its  use  being  '*  as  familiar  as  that  of  a  hoe  to  every 
Chinese  husbandman,"  "  an  implement  to  him  not  less  useful  than  a  spade 
to  an  European  peasant."  It  is  worthy  of  remark  too,  that  they  often  use 
it,  in  what  may  be  supposed  to  have  been  its  original  form,  viz.  as  an  open 
gutter ;  a  circumstance  which  serves  to  strengthen  the  opinion  of  its  origin 
and  CTeat  antiquity  among  them.  Like  the  peculiarity  of  their  compass, 
which  with  them  points  to  the  south,  it  is  a  proof  of  their  not  having  received 
it  from  other  people.  "  The  Chinese  [observes  Staunton]  appear  indeed 
to  have  strong  claims  to  the  credit  of  having  been  indebted  only  to  them- 
selves for  the  invention  of  the  tools,  necessary  in  the  primary  and  neces 
sary  arts  of  life;  these  have  something  peculiar  in  their  construction,  some 
difference,  often  indeed  slight;  but  always  clearly  indicating  that,  whether 
better  cr  worse  fitted  for  the  same  purposes  as  those  in  use  iu  other  coun- 
tries, the  one  did  not  serve  as  a  model  for  the  other."** 

But  the  general  form  of  chain  pumps  in  China  is  that  of  a  square 
tube  or  trunk  made  of  plank ;  and  of  various  dimensions  acccording  to 
tlie  power  employed  to  work  them.  Those  that  are  portable,  with  one 
of  which  every  peasant  is  furnished,  are  commonly  six.  or  seven  inches  in 
diameter,  and  from  eight  to  ten  feet  in  length.  Some  are  even  longer,  for 
Van  Braam,  who  was  several  years  in  China,  and  who,  as  a  native  of  Hol- 
land, was  a  close  observer  of  every  hydraulic  device,  when  speaking  of  them, 
remarks,  that  "  they  use  them  to  raise  water  to  the  height  of  ten  or  twelve 
feet ;  a  single  man  works  this  machine,  and  even  carries  it  wherever  it  is 
wanted,  as  I  have  had  occasion  to  remark  several  times  in  the  province  of 
Qoangtoug  near  Vampou."^  A  small  wheel  or  rol'ier  is  attached  to  each 
end  of  the  trunk,  over  which  an  endless  chain  is  passed.     Pallets,  or 


•  It  wa<  preferred  by  the  architect  of  Black  Friars  Bridge,  London,  to  nine  the  \f  atef 
from  the  Caiasong. 
b  Embassy  to  China.     lA)n.  J798.    Vol.  iii,  102. 
«  Emban;  of  the  Dutch  E.  I.  Company     Lon  1798.    Vol.  i,  75 
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■qu&re  plecus  of  plank,  fittcil  fi)  as  tn  RW  (like  the  piiton  uf  a  cammor 
pump)  tlie  boi-e  of  the  tube,  are  Bi'cured  tn  the  chain.  When  the  raBchinr 
is  to  be  used,  one  end  of  the  trunk  is  pkccJ  in  the  water,  and  the  othe 
rests  on  the  hank  over  which  it  is  to  be  raised.  The  upper  wheel  or  roUe 
is  put  in  motion  bj  a  crank  applied  to  its  axle,  an  J  the  palletaas  they  ascent 
the  trunk,  push  the  water  that  enters  it  before  them,  till  it  i]  dischargee 
above.  In  machines  of  this  description  one  half  of  the  chain  is  always 
outside  of  the  lube  and  exposed  to  view,  hut  in  others  (he  trunk  is  dividea 
by  a  plank,  so  as  to  form  two  separate  tubes,  one  above  another,  and  hence 
the  chain  rises  in  the  lower  one  and  returns  down  the  upper.  These 
pumps  are  represented  as  exceedingly  eftectivi>,  delivering  a  volume  oi 
water  equal  to  the  bore  of  the  trunk.  Whenever  a  breach  occirs  in  one 
of  their  canals,  or  repairs  are  to  be  made,  hundreds  of  the  neighboring 
peasants  are  summoned  to  the  work,  and  in  a  few  hours  will  eraoly  a  largi 
Bcctlon  of  it  by  these  machines. 

When  a  pump  is  intended  to  raise  a  great  qua-.tity  of  water  at  once,  it 
ia  made  proportion  ft!  ily  larger,  and  is  moved  by  a  very  jimple  tread  wheel 
or  rather  by  a  series  of  wooden  arms  projecting  :rom  various  parti  of  s 
lengthened  axle,  which  imparts  motion  lo  the  chain,  as  repre^icniei  ii  'he 
figure. 


No.  64.    Cbisete  Cholii  Fomp. 

These  arms  are  shaped  like  the  letter  T,  and  the  upper  side  of  encli  is 
made  smooth  for  the  foot  to  rest  on.  The  axle  turns  upon  two  uprigl.t 
pieces  of  wood,  kept  steady  by  a  pole  stretched  across  thum.  The  p>«- 
chine  being  fixed,  men  treading  upon  the  projecting  arms,  and  supporting 
themselves  upon  the  beam  across  the  uprights,  communicate  a  rotary  mo 
tion  to  the  chain,  the  pallets  attached  to  which  draw  up  a  constant  anO 
copious  stream  of  water.  Another  mode  of  working  them,  which  Slaiii.- 
ton  observed  only  at  Chu-san,  was  by  yoking  a  buffalo,  or  other  animal,  to 
ft  larjje  horizontal   cog  wheel,  working   into   a   vertical  one   fixed   '>"   il"- 
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same  shaft  with  the  wheel  that  imparts  motion  to  the  chain,  as  represent- 
ed in  figures  49  and  54.*  The  description  of  this  machine  by  Staunton  is 
similar  to  that  previously  given  by  the  missionaries,  and  they  enumerate  the 
various  modes  of  propelling  it  which  he  has  mentioned.**  But  Nieuhoff, 
with  tlie  characteristic  sagacity  of  his  countrymen,  noticed  either  these,  or 
some  other  machines  for  the  same  purpose,  propelled  by  uyind.  When 
speaking  of  the  populous  city  of  Caoyeu,  and  its  environs,  he  observes, 
"  they  boast  likewise  of  store  of  windmills,  whose  sails  are  made  of  mats. 
The  great  product  of  the  country  consists  of  rice,  which  the  peasant 
stands  obliged  to  look  after  very  narrowly,  lest  it  perish  upon  the  ground 
by  too  much  moisture,  or  too  much  heat  and  drought.  The  windmills, 
therefore*  are  to  draw  otU  the  water  in  a  moist  season,  and  to  let  it  in  as 
they  think  fit."  That  part  of  the  country,  he  continues,  is  **  full  of  such 
mills."  Several  of  them  are  represented  m  a  plate,  but  without  showing 
the  pumps  moved  by  them.® 

These  were  very  likely  to  elicit  the  notice  of  a  Dutchman ;  for  draining 
mills,  worked  by  horses  and  wind,  have  been  used  in  Holland  since  the 
1 4th  century.  They  consisted  however  principally  of  the  noria  and 
chain  of  pots. 

It  is  uncertain  when  the  chain  pump  was  first  employed  in  Europe ; 
whether  it  was  made  known  by  Marco  Paulo,  Ibn  Batuta,  or  subsequent 
travelers  in  China,  or  was  previously  developed  and  introduced  into  use, 
independently  of  any  information  from  abroad.  An  imperfect  machine  is 
described  by  several  old  authors.  This  was  a  common  'pump  log,  or 
wooden  cylinder  placed  perpendicularly  in  a  well ;  its  upper  end  reach- 
ing above  the  level  to  which  the  water  was  to  be  raised,  and  having  a 
lateral  spout,  as  in  ordinary  pumps,  for  the  discliarge.  A  pulley  was  se- 
cured to  one  side  of  the  log  near  the  lower  orifice,  and  a  drum  or  wheel 
above  the  upper  one.  One  end  of  a  rope  was  let  down  the  cylinder,  and 
after  being  passed  over  the  pulley  was  drawn  up  on  the  outside,  and  both 
ends  were  then  spliced  or  united  over  the  drum.  To  this  rope,  a  number 
of  leathern  bags  or  stuffed  globular  cushions  were  secured  at  regular  dis- 
tances. The  diameter  of  each  was  equal  to  the  bore  of  the  cylinder.  Ribs 
were  nailed  across  the  periphery  of  the  drum,  and  between  these,  the 
cushions  were  so  arranged  as  to  fall,  in  order  to  prevent  the  rope  from 
slipping.  When  the  drum  was  put  in  motion,  the  cushions  entered  in  suc- 
cession the  lower  orifice  of  the  pump,  (which  was  two  or  three  feet  below 
tlie  surface  of  the  water,)  and  pushed  up  the  liquid  before  them,  till  it  es- 
caped througli  the  spout. 

Machines  of  this  description  v^ere  formerly  employed  in  mines ;  chains 
of  iron  bemg  substituted  for  the  ropes,  and  sometimes  globes  of  metal  in 
p'ace  of  tiie  cushions.  The  latter  are  figured  by  Kircher  in  his  Mundus 
Subterraneus,  Tom.  ii,  194.  Among  the  earliest  of  modem  authors 
who  have  deccribed  these  pumps  is  Agricola.  He  has  given  five  differ- 
ent figures  of  them,  but  they  differ  merely  in  the  apparatus  for  working 
them,  according  to  the  power  employed,  whetherof  men,  animals,  or  water 
The  following  cut  No.  65  is  from  his  *  De  Re  Metallica.*  It  exhibits  two 
separate  views  of  the  lower  end  of  the  pump,  showing  the  mode  of  attach- 
ing the  pulley,  and  the  passage  of  the  rope  and  cushions  over  it.  From  the 
resemblance  of  the  chains  or  ropes  and  cushions,  to  the  rosary,  or  string 
of  beads  on  which  Roman  catholics  count  their  prayers,  these  machines 


•  Suanton,  Vol.  iii,  315.    ^  Dahalde's  China.  Paris,  1735   Tom.  ii,  66,  67. 
«Ogi)vT's  Translation.  Lon.  1673,  pp.  S4,  85— snd  Histoire  G6n4rale.  Amsterd-xm 
'^45).    Tom.  viii,  81, 82. 
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becaiTis  known  aa  '  PatemotUr  pumps.'     For  the  same  reason  ibey  ftre 
iwmed,  CkapeUt  by  the  French,  in  common  with  the  chain  of  pot*. 
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Tho  nex 

ts  Besson. 

of  a  double  one.  Two  cylinders  are  placed  parallel  to  each  other,  bo  that 
the  chain  jiasses  through  both.  It  vA  shown  as  worked  by  vntuL  A  ver- 
tical shaft  with  sails  is  secured  under  the  dome  of  a:i  'jpen  tower  ;  a  cos 
wheel  on  the  lower  end  of  the  shaft  lums  a  trundle  or  ^inion  which  U  fix- 
ed on  the  horixontal  axle  of  the  drum,  that  carries  tlie  cjiain.  Thus,  when 
the  wind  turned  the  sails,  water  was  raised  through  one  .■'f  the  cylinders, 
and  when  their  motion  was  reversed  by  change  of  the  wino.  the  liquid  was 
elevated  in  the  other.  Instead  of  stuffed  cushions,  as  iii  the  preceding 
figure,  pistons,  resembling  somewhat  those  of  fire  engines,  or  forcing 
pumps,  i.  e.  double  cupped  leathers  are  shown,  ('  Coquille*  Jond  amtrt 
/ond')  the  earliest  instance  of  their  use  that  we  have  met  with.  Besson, 
who  appears  to  claim  the  addition  of  the  second  cylinder  as  an  improve 
ment  of  his  own,  was  a  French  mathematician  and  mechanician,  and 
spent  a  great  part  of  his  life  in  mechanical  researches ;  in  the  proso- 
cucion  of  which  he  visited  foreign  countries.  His  '  Theatre'  cnlains 
such  devices  as  he  collected  abroad  as  well  as  those  invented  by  hL-nself. 
It  was  published  at  Lyons,  with  commentaries,  after  his  decease,  by 
Bcroald,  but  the  privilege  to  print  was  accorded  to  himself,  ten  years  pr^ 
vious  to  the  date  of  ii».  ,.ublicatioii,  i.  e.  in  1568." 

Kircher  also  figures  the  chain  pump  with  two  cylinders.  The  imper- 
fect mechanism  and  enormous  fnction  of  these  old  machines  Confined 
their  application  to  a  limited  extent  in  Europe  during  the  16th  and  17th 
centuries.  Desaguliera  left  them  unnoticed  ;  and  at  the  *ime  Switzer 
wrote  (1729)  ihey  had  been  discontinued  in  England.  "  I  might  (he  ob- 
serves) from  Bockler  and  others,  have  produced  almost  an  innnltdnjinber 

•  Bayle,  in  hi*  diclionnry,  mj»  Berasld  wm  inenly-two  yeari  of  nfe  when  he  publiiih 
td  "  aome  commenlurieK  on  the  niechaoies  of  James  Bessoii ;  but  he  had  scuca  trial 
hi*  Tortune  that  vioy  when  ha  rau  ufter  the  philtophet'a  itoae." 
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of  drafts  of  engines,  wliich  are  placed  under  the  terms  BuJromla  and 
Hydrotecbnema,  &c.  the  first  signifying  the  melhods  of  raising  water  by 
buckftd ;  and  ihe  olhcr  by  globes  or  ligurea  of  any  regular  shape,  (ixud 
U>  a.  rope,  which  rope  being  fastened  at  each  end,  and  passing  through  an 
elm  or  other  pipe,  which  reaches  from  the  bottom  of  a  well  to  the  height 
lo  which  the  water  i,i  to  be  conveyed,  brings  up  the  water  with  it ;  but 
ihewkinJcf  engines '^ing  out  </f'duU,l  shall  pass  over  them.""  Belidor 
has  described  one  that  vas  used  in  the  ship  yards  and  docks  at  Marseilles, 
which  is  represented  in  No.  66.  The  lower  pulley  was  dispensed  with  ; 
and  the  face  of  the  pallets  or  pistons,  which  were  hemispheres  of  wood 
were  leathered.  It  was  worked  by  two  galley  slaves,  who  were  reli'^nd 
every  hour. 
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Such  appears  to  have  been  the  general  construction  of  the  chain  pump 
in  Europe,  until  an  Increasing  intercourse  with  the  Chinese  led  to  the  in- 
troduction of  the  machine  as  made  by  that  people.  The  credit  of  this 
is,  we  believe,  due  to  the  Dutch.  From  the  peculiar  location  of  Holland 
with  regard  to  the  sea,  hydraulic  engines  have  at  all  times  been  of  too 
much  importance  to  escape  the  examination  of  her  intelligent  travelers. 
But  it  perhaps  will  be  said,  there  is  no  essential  or  very  obvious  distinction 
between  the  old  chain  pump  of  Europe  and  that  of  China :  admitting  this. 
Still  there  must  have  been  something  peculiar  either  in  the  construction  or 
mode  of  working  the  latter,  to  have  produced  the  superior  results  ascrib- 
ed to  them  ;  and  to  have  elicited  the  admiration  of  the  Jesuits  and  all  the 
early  travelers  in  China.  No  stronger  proof  of  their  superiority  need  \)0 
adduced,  than  the  fact  of  their  being  carried  in  the  J7th  century  from 
China  to  Manilla  by  the  Spaniards,  and  to  Batavia  by  the  DuUk*>  Hence 
they  were  previously  unknown  in  those  parts  of  Asia,  as  much  so  as  in 
Holland  and  Spain.  Navarrette  mentions  them  with  great  praise  :  he 
tliought  there  was  not  a  better  invention  in  the  world  to  draw  water  fram 
wells  and  tanks.*  And  Gamelli  (in  1695)  describes  them  as  machines, 
which,  in  his  opinion,  Chinese  ingenuity  alone  could  invent.*'  Montanui 
mentioned  them  as  novel.  He  describes  one  as  an  "  engine  made  of  fout 
square  platik,  holding  great  store  of  water,  which  with  iron  chains,  tliey 

'H*dr>«latieki  31F    ^UistoiteGtiitrale.Tom.  Tiii,81.   <=Ibid.   <Ibid,T(im.vii,uer 
SO 
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bale  up  Hire  buckets.*'*     How  such  intelligent  mon  as  the  Jesuits  jndcubt 
eJly  were,  '^ould  use  such  language,  if  an  effective  chain   pump  was  iher. 
known  in  Furope,  it  is  difficult  to  conceive. 

Although  the  Chinese  pump  has  been  mentioned  by  all  travelers,  no 
one  has  enterec  sufficiently  into  details,  to  enable  a  mechanic  to  realize  the 
construction  of  iho  chain — mode  of  fixing  the  pallets — where  they  are 
attached  to  it,  (tv  the  centre,  or  on  one  side,) — nor  how  they  are  car- 
ried over  the  whe^lf  or  rollers.  One  cause  of  the  superiority  of  these 
oriental  machines  o  'i  r  those  of  Europe,  was  the  small  degree  of  fric- 
tion from  the  rubbing  v\*  the  pallets,  when  parsing  through  the  trunk ,  wood 
sliding  readily  over  woud^  when  both  are  wet :  another  was  the  accuracy 
with  which  the  working  pur.'^s  were  made.  The  experience  of  ages,  and  the 
immense  number  of  work-^i^jn  constantly  employed  in  fabricating  them, 
through  evefy  part  of  the  empii  %had  brought  them  to  great  perfection:  but 
the  positiofi  in  which  they  are  \^  >.ked,also  contributed  to  injcrease  the  quan- 
tity of  water  raised  by  them,  for  e>  ".ept  in  particular  locations,  they  are  al- 
ways inclined  to  the  horizon,  as  sho*Vii  in  No.  64.  Now  it  has  been  ascer- 
tained ihat  to  construct  and  use  a  chain  pump  to  the  best  advantage,  the  dis- 
tance between  the  pallets  should  be  equal  Xjc  their  breadth,  and  the  inclination 
of  the  trunk  about  24°,  21'.  When  thus  a^r^ngd,  according  to  Belidor.  it 
produces  a  maximum  effect.^  The  author  just  named  speaks  of  one  at 
Strasburgh,  the  chain  of  which  was  made  of  'voot),  which  being  light 
and  flexible,  was  very  efficient,  requiring  mucl  les-^  labor  to  work  it  than 
those  in  which  the  chains  were  iron.  This  leads  ur  to  a  remark  which 
we  do  not  recollect  to  have  seen  in  any  English  work,  viz.  'hat  in  most 
f  not  in  all  the  Chinese  smaller  pumps,  the  chains  ara  of  rhat  material. 
One  of  them  is  thus  described  by  the  Jesuits  •  "  Une  machine  hydnulique 
dont  le  jeu  est  aussi  simple  que  la  composition.  EUe  est  composee  d^utu 
chaine  de  bois,  ou  d'une  sorte  de  chapelet  de  pecites  planches  quarrees  do 
six  ou  sept  pouces,  qui  sont  comme  eofilee  parallelcment  a  d'egales  dis- 
tances.    Cette  chaine  passe  dans  un  tube  quarre,''  &c.^ 

In  the  latter  part  of  the  17th  century,  chain  pumps  were  used  in 
British  men-of-war.  In  Dampier's  Voyage  to  New  Holland  in  the  *Roe 
buck,'  a  national  vessel,  he  mentions  one.  This  ship  on  returning  home 
sprung  a  leak  near  the  Island  of  Ascension,  and  the  water  poured  in  st 
fast,  he  relates,  that  **  the  chain  pump  could  not  keep  her  free — I  set  the 
hand  pump  to  work  also,  and  by  ten  o'clock,  sucked  her — I  wore  Uie  ship 
and  put  her  head  to  the  southward,  to  try  if  that  would  ease  her,  and  on 
that  tack  the  chain  purtijj '^usl  kept  her  free."  English  ships  of  war  now 
carry  four  of  those  pumps,  and  three  common  ones,  all  fixed  in  the  same 
well ;  whereas  it  would  appear  from  Dampier,  that  they  had  formerly  but 
one  of  each.  "  In  the  afternoon,  (he  observes,)  my  men  were  all  employed 
pumping  with  hoth  pumps."  Shortly  afterwards  the  ship  foundered.**  The 
vessels  of  Columbus  were  furnished  with  pumps ;  and  so  were  those  of 
Magalhanes  ;  but  these  were  probably  the  common  instruments  referred  to 
above  as  *  hand  pumps.'* 

In  Dampier's  time  chain  pumps  were  very  imperfect.  The  chain,  and 
the  wheel,  which  carried  it,  were  inaccurately  and  badly  made ;  hence 
when  the  machine  was  worked,  the  former  was  constantly  liable  to  slip 
over  the  latter ;  and  the  consequent  violent  jerks,  from  the  great  weight 
of  the  water  on  the  pallets,  often  burst  the  chain  asunder,  and  under  cir« 

*  Atlns  Chinensis,  tran.-«]ated  by  Ogilvy.    Lon,  1671,  page  675. 
^  Arch.  Hydraiilique,  Tom.  i,  J63.    «  nistoire  G6n6ral«,  Tom.  viii,  82,  and  DiiIwMe 
Tom.  ii,  66.    <*  Dampier's  Voyages,  Vol.  iii,  191.  193. 
'Irving's  Columbus  Vol  ii,  127,  and  Barney's  Voyages,  Vol.  i.  112 
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cumstances  whicb  rendered  it  difficult  and  sometimes  impossible  to  repair 
iL  These  defects,  which  in  some  cases  led  to  the  loss  of  vessels  and  of  hu- 
loan  life,  at  length  excited  the  attention  of  European  mechanics,  and  in 
the  following  century,  numerous  projects  were  brought  forward  to  im- 
prove the  chain  pump,  or  to  supersede  it.  In  1760,  Mr.  Abbot  invented  a 
ship  pump,  which  w^a&  represented  as  of  a  very  simple  construction,  and 
which  threw  "  five  hundred  hogsheads  of  water  in  a  minute ;  [!]  the 
handle  by  w^hich  it  is  worV^^d,  is  in  the  manner  of  a  common  winch, 
which  turns  with  the  utmost  fwcility  either  to  the  right  or  the  left."*  In  the 
following  year,  the  States  of  Holland  granted  to  M.  Liniere,  "  an  exclusive 
privilege  lor  twenty-five  years,  for  a  pump,  which  upon  trial  on  board  a 
Dutch  man-of-war,  and  in  the  presence  of  the  commissioners  of  the  ad- 
miralty, being  worked  by  three  men,  raised  from  a  depth  of  twenty-two 
feet,  four  tons  of  water  in  a  minute,  that  is,  240  tons  of  water  in  an  hour."** 
In  1768,  Mr.  Cole  introduced  some  considerable  improvements  in  English 
ship  pumps  An  experiment  made  in  that  year  is  very  interesting,  as  it 
shows  the  imperfections  of  the  old  ones,  especially  the  enormous  amount 
o{  fridwn  to  which  they  were  subject.  "  Lately,  a  chain  pump  on  a  new 
construction  was  tried  on  board  his  Majesty's  ship  Scaford,  in  Block 
House  Hole,  which  gave  great  satisfaction.  There  were  present,  Admiral 
Sir  John  Moore,  a  number  of  sea  officers  and  a  great  many  spectators 
The  event  of  the  trial  stands  thus : 


The  Netc  Pump,  Mr.  Cole's : 
Four  men  pumped  out  one  ton  of 

water  in  43 J  seconds. 
Two  men  pumped  out  one  ton  in 

55  seconds." 


The  Old  Pump : 
Seven  men  pumped  out  one  ton 

in  76  seconds. 
Four  men  pumped  out  one  ton 

in  55  seconds. 
Two  men  could  not  move  it.**^ 

The  chain  in  Cole's  pump  was  made  like  a  watch  chain,  or  those  which 
conimunicate  motion  to  the  pistons  of  ordinary  fire  engines,  i.  e.  e\ery 
other  link  was  formed  of  two  plates  of  iron,  whose  ends  la})ped  over 
those  of  a  single  one,  and  secured  by  a  bolt  at  each  end.  These  bolts 
formed  a  joint  on  which  they  moved  ;  but  instead  of  their  ends  being 
riveted>  one  was  formed  into  a  button  head,  and  a  slit  made  through  the 
other,  for  the  admission  of  a  spring  key,  so  that  they  could  be  taken  out 
at  pleasure.  By  this  device,  whenever  a  link  or  bolt  was  broken  or  worn 
out,  another  one,  from  a  store  of  them  kept  on  hand  for  the  purpose,  could 
be  supplied  in  a  fev.  moments.  In  some  experiments,  the  chain  was  pur- 
posely separated,  and  dropped  into  the  well  in  a  ship's  hold,  whence  it 
was  taken  up,  repaired,  and  the  pump  again  set  to  work  in  two  minutes. 
Chains  similar  to  these  had  been  previously  employed  by  Mr.  Mylne  in 
thepumps  that  raised  the  water  from  the  caissons  at  Black  Friars  Bridge. 

The  pistons  were  formed  of  two  plates  of  brass  or  iron,  having  a  disk  of 
thick  leather  between  them,  of  the  same  diameter  as  the  bore  of  the  pump. 
The  edges  of  the  leathers,  when  wet,  do  not  bear  hard  against  the  sides  of 
the  pump  ;  indeed  it  is  not  necessary  that  they  should  even  touch ;  for  the 
water  that  escapes  past  one,  is  received  into  the  next  compartment  below ; 
and  when  a  rapid  motion  is  imparted  to  the  pistons,  the  inertia  of  the  mov- 
ing column  prevents  in  a  great  measure  any  from  descending.  The  wheel 
which  carries  the  chain  is  generally  made  like  the  trundles  in  mills,  viz. 
two  thin  iron  disks  or  rings  are  secured  about  eight  or  nine  inches  apart, 
upon  the  axle,  and  are  united  by  several  bolts  at  their  circumference.   The 


r  ondon  Mai^azine  for  1760,  p.  321     ^  Ibid.  1762,  p  283.    « Ibid.  1768,  p.  A9il 
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distance  between  these  bolu  is  such  that  the  pistons  fall  It.  between 
them,  and  are  carried  round  vy  them.  Sometimes  howevir,  the  Unka 
have  ho<iks,  which  take  hold  of  the  bolts.  A  lower  wheul  is  now 
dispensed  with,  and  the  end  of  the  pump  slightly  curved  towards  the 
descending'  chain,  to  facilitate  the  entrance  of  the  oistons.  These  ma- 
chines are  generally  worked  in  ships  of  war  by  means  of  a  long  crank 
attached  to  the  axle,  at  which  a  number  of  men  can  work.  In  some  ve* 
sela  they  are  moved  by  a  capstan.*  The  pump  cvlinders  are  o:'  iron,  tuiii 
sometimes  of  brass,  the  latter  being  inclosed  within  and  protected  by 
wooden  onee. 


K0.VI.  OiuBPuinplDlbeU.  8.9bii>  IndtpaodoKv. 
Fur  (he -following  facta  connected  with  the  use  of  the  chain  piiinp  "n 
the  United  States  Navy,  we  are  indcljted  10  Mr.  Har",,  Naval  Constnictot 
in  the  New-York  Navy  Yard.  The  first  United  Slates  ship  of  war, 
which  had  one,  was  the  '  BoattM,'  bulk  at  Boston,  in  1799.  Mr.  Hart's 
father  made  the  pump.  The  chain  was  formed  of  common  ox  chains, 
and  the  wheel  which  carried  it  was  of  wood,  having  forked  pieces  of  iron 
driven  into  its  periphery,  between  which  the  chain  was  received  :  the  cyl- 
inders were  common  pump  logs  of  six  inches  bore.  This  imperfect  ma- 
chine was  replaced  the  following  year,  by  one  formed  after  a  Frentjn 
model,  the  chain  and  cylinders  being  of  copjier.  In  1802,  the  Frigate  Cot- 
t/itutitm  had  two  similar  ones  placed  in  her ;  and  about  the  same  time, 
they  were  adopted  in  other  public  vessels;  but  in  the  course  of  a  few 
years  were  discontinued  generally,  either  from  the  prejudice  of  the 
seamen,  or  from  the  increased  labor  and  expense  of  repairing  the  pis- 
tons.    In  ordinary  jiumpa,  a  single  box  or  piston  only,  has  to  be  re-leath 

*Tbe  vasmls  of  llie  eiploring  expedition  tent  out  by  the  Britiih  adinirallj,  under  the 
comtnuui  of  Caot.  Owen,  had  iheir  chain  pumpi  lilted  (u  work  by  the  capstan,  undel 
the  ImpreiBlon  ihal  it  wcii  a  more  ecnooiiiical  mode  than  the  crank,  of  applyiuz  per 
•ODol  labor.  '  Nnrralive  or  Vovogi^B  10  explore  the  abores  of  Africa,  Arabia  and  Mad> 
{B>eu,  in  1821.'  Vol  i,  p.  14.  N.York  Ed.  1833. 
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ered ;  but  in  the  chain  pump,  from  thirty  to  fifty  have  to  be  renewed 
when  worn  out  The  chain  pumps  in  the  British  sloop  of  war  Cyant 
were  taken  out  when  she  was  captured,  and  common  pumps  put  in 
their  ptace.  Recently  a  change  of  opinion  respecting  these  pumps  has 
taken  place,  for  within  a  few  years  they  have  to  a  limited  extent  been  re 
introduced  into  the  navy.  In  1837,  the  Independence  was  furnished  wi* 
two  of  them;  and  in  1838,  tlie  same  number  were  p'aced  in  the  OJdor 
both  vessels  still  retain  the  ordinary  pumps. 

A  description  of  one  of  those  on  board  tlie  Independence,  which  is  now 
fitting  for  sea  in  this  harbor,  will  give  a  correct  idea  of  them  all.    See  No.  67. 

Two  copper  cylinders,  seven  inches  diameter,  and  about  twenty- two 
feet  long,  extend  from  the  surface  of  the  main  gun-deck  to  the  well.  The 
one  in  which  the  chain  descends,  is  continued  ten  or  twelve  inches  above 
the  deck  to  prevent  the  water  that  is  raised,  from  returning  through  it 
again  to  the  well.  A  horizontal  wrought  iron  shaft  is  placed  between  the 
cylinders  and  supported  by  a  stout  frame  on  which  its  journals  turn.  On 
this  shaft,  a  strong  cast  iron  wheel,  two  feet  in  diameter,  is  secured,  having 
twelve  arms  radiating  like  the  spokes  of  a  carriage  wheel  from  the  hub.  A 
(No.  67)  represents  two  of  tliese  arms  with  a  portion  of  the  shaft.  A  re- 
cess is  formed  at  the  extremities  to  receive  the  chain,  and  prevent  it  from 
slipping  off  on  either  side.  Figs.  1  and  2,  represent  the  links.  They  are 
of  copper,  seven  inches  long,  one  and  a  half  inch  wide,  and  one  quarter 
of  an  inch  thick,  and  are  similar  to  those  in  Cole's  pumps.  The  pallets  or 
pistons  are  formed  on  the  middle  of  every  alternate  link ;  that  is,  on  those 
which  are  made  of  a  single  piece.  A  circular  plate  about  a  quarter  of  an 
inch  tliick,  is  cast  (see  fig.  1,)  of  a  diameter  rather  less  than  the  bore  of 
the  cylinders.  Another  loose  plate  of  the  same  dimensions  (fig.  3,)  has 
an  opening  in  its  centre  to  allow  it  to  pass  over  the  link  and  lay  upon  the 
other.  Between  these,  a  disk  of  leather  is  introduced,  i.  e.  a  circular 
piece  just  like  fig.  3,  but  of  a  diameter  equal  to  the  bore  of  the  cylinder. 
Tb:s  is  first  placed  on  the  fixed  plate  in  ^g,  1,  then  fig.  3  is  laid  over  it, 
and  to  secure  the  whole,  a  key  or  wedge  is  driven  through  a  slit  in  the 
link,  just  above  the  surface  of  fig.  3,  and  thus  compresses  the  leather  be- 
tween them.  When  the  pumps  are  used,  long  cranks  are  applied  to  each 
end  of  the  shaft,  so  that  fifteen  or  twenty  men  can  be  engaged  at  the  same 
time  in  working  them.  In  the  Independence,  these  cranks  extend  across  the 
deck,  and  thereby  interrupt  tlie  passage  way.  They  should  in  all  public 
vessels  be  arranged,  if  possible,  '  fore  and  aft.'  The  arrows  show  the  di- 
rection of  the  chain. 

The  introduction  of  the  chain  pump  into  ships  is  probably  due  to  the 
Chinese,  as  they  use  it  in  their  sea  junks;  and  it  is  not  likely  that  this  ap- 
plication of  it  is  of  recent  date  among  them.*  The  early  missionaries 
thought  that  buckets  only  were  employed  in  raising  bilge  water  from 
the  holds.  It  is  not  much  used  we  believe  in  the  French  navy.  In  the 
Dictionnaire  de  Trevoux,  it  is  named  the  Engluih  pump. 

The  Chinese  chain  pump  was  introduced  into  the  United  States  by 
Andre  Everard  Van  Braam,  who  was  several  years  chief  of  the  Dutch 
East  India  Company  in  China,  and  who  settled  in  South  Carolina  at  tlie 
close  of  the  revolutionary  war.  In  1794,  he  was  appointed  second  in  the 
Dutch  embassy  to  Pekin,  and  in  1796,  he  returned  and  settled  near  Phila- 
delphia. In  his  account  of  the  embassy,  a  translation  of  which  was  pub- 
lished at  London  in  1798,  and  dedicated  by  him  to  General  Washington, 
tod  to  which  we  have  heretofore  referred — he  remarks,  speaking  of  the 


»  <Th»  Ch'mese,*  by  J.  F.  Davis,  vol.  ii,  290 


158  Chinese  Shijh-huUding,  [Book  i. 

Chinese  pumps,  "  I  have  introduced  the  use  of  them  into  the  United 
States  of  America,  where  they  are  of*  great  utility  in  rivers,  in  conse- 
quence of  the  little  labor  they  require."  (Vol.  i,  74.)  We  are  not  aware 
that  they  are  much  used  in  this  country  at  the  present  time.  The  chain 
pump  is  employed  in  the  diamond  districts  of  Brazil.  M.  Mawe,  in  his 
Travels,  has  figured  and  described  it  as  used  there.  It  has  also  been  re- 
cently introduced  into  Egypt,  where  it  is  more  likely  to  become  domi- 
ciliated, than  tlie  atmospheric  and  forcing  pump,  which  Belzoni  endeavored 
m  vain  to  establish ;  although  St,  John  seems  to  think  even  it  is  rather 
too  complex  for  the  present  state  of  the  mechanic  arts  in  the  land  of  the 
Pharaohs.  "  Windmills  for  raising  water,  and  chain  pumps,  have  been 
introduced  into  Egypt;  but  as  these  are  machines  which  require  some  re- 
gard to  the  principles  of  good  workmanship,  they  are  by  no  means  fitted 
i<)r  general  use."     Egypt  and  Mohammed  Ali,  vol.  i,  14. 

The  chain  pump,  as  well  as  the  screw,  noria,  chain  of  pots,  &c.  has 
been  adopted  as  a  first  mover.  Placed  perpendicularly  on  the  side  of  a 
precipice,  or  wherever  a  small  stream  of  water  can  be  conveyed  into  its 
upper  orifice,  and  can  escape  from  its  lower  one,  the  motion  of  the  chain 
is  reversed  by  the  weight  of  the  liquid  column  acting  on  the  pistons.  A 
wheel  similar  to  the  upper  one  is  fixed  below,  over  which  the  chain  also 
passes ;  and  from  the  axle  of  either  wheel  the  power  may  be  taken.  A 
patent  for  this  application  of  the  chain  pump  was  granted  in  England 
in  1784. 

There  is  another  device  of  the  Chinese,  which  is  worthy  of  imitation ; 
and  considering  the  increased  security  it  offers  to  floating  property,  and 
the  additional  safety  of  the  lives  of  navigators,  it  is  surprising  that  it  has 
not  been  adopted  by  Americans  and  Europeans — viz.  the  division  of  the 
holds  of  ships  by  water-tight  partitions.  The  Chinese  divide  the  holds 
of  their  sea  vessels  into  about  a  dozen  distinct  compartments  with  strong 
plank ;  and  the  seams  are  caulked  with  a  cement  composed  of  lime,  oil, 
and  the  scrapings  of  bamboo.  This  composition  renders  them  imper- 
vious to  water,  and  is  greatly  preferable  to  pitch,  tar  and  tallow,  since  it  is 
said  to  be  Incombustible.  This  division  of  their  vessels  seems  to  have 
been  well  experienced  ;  for  the  practice  is  universal  throughout  the  em- 
pire. Hence  it  sometimes  happens  that  one  merchant  has  his  goods  safely 
conveyed  in  one  division,  while  those  of  another,  suffer  considerable  da- 
mage from  a  leak  in  the  compartment  in  which  they  are  placed.  A  ship 
may  strike  against  a  rock  and  yet  not  sink,  for  the  water  entering  by  the 
fracture  will  be  confined  to  the  division  where  the  injury  occurs.  To  the 
adoption  of  a  similar  plan  in  European  or  American  merchantmen,  beside 
the  opposition  of  popular  prejudice  and  the  increased  expense,  an  objec- 
tion might  arise  from  the  reduction  it  would  occasion  in  the  quantity  of 
freight,  and  the  increased  difficulty  of  stowing  bulky  articles.  It  remains 
to  be  considered  how  far  these  objections  ought  to  prevail  against  the 
greater  security  of  the  vessel,  crew  and  cargo.  At  any  rate,  such  objec- 
tions do  not  apply  to  ships  of  war,  in  which  to  carry  very  heavy  burdena 
is  not  an  object  of  consideration.     Staunton's  Embassy,  vol.  i    136. 
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0«  tho  hfdraulic  wo  rks  of  the  aneiant  inhabitants  of  America :  Popalatiou  of  A  oahuac— Fenw.iy  of  I  he 
3j»anufa  utraden  — Su'ujei  t  of  ancient  hydraulic  works  interesting— Aqueducts  of  the  Toltecs— Ancitini 
Mexican  wells — Houses  supplied  with  water  by  pipes — Palace  of  Motezuma— Perfection  of  Mexican 
works  w  metal« — Cortez— Market  in  ancient  Mexico^Hydraulic  work^— Fountains  and  jets  d*oau — No- 
ri«  and  other  icacl'ine»— Palenque .  its  aqueducts,  hieroglyphics,  &c. — Wells  in  ancient  and  modern 
Yucatan — Relics  of  former  ages,  and  traditions  of  the  Indians.  Hydraulic  works  of  the  Peruvians  - 
Cosioms  re  ating  to  water — Humanity  of  the  early  Incas — Aqueducts  and  reservoirs — ^Resemblance  of 
Peruvian  and  Egyptian  custom*— Garcilasso— Civilisation  in  Peru  before  the  times  of  the  Incus — Giants 
—Weils — Stupendous  aqueducts,  and  other  monuments — A tabalipa— Pulleys — Cisterns  of  gold  and  sil- 
ver in  the  houses  of  the  Incas — Temples  and  gardens  supplied  by  pipes — ^Temple  at  Cusco :  its  water 
works  and  utensil»— Embroidered  cloth — Manco  Capac 

It  has  been  a  subject  of  regret,  that  we  have  been  unable  to  obtain  any 
specific  information,  respecting  the  employment  of  machines  to  raise 
water  on  the  American  continents,  previous  to  the  visit  of  Europeans  in 
the  15th  and  16th  centuries.  And  yet  there  can,  we  think,  be  scarcely  a 
doubt,  that  in  those  countries  where  civilization  and  the  arts  had  made 
considerable  progress,  as  Peru,  Chili,  Guatimala,  and  Mexico,  such  ma-* 
chines  had  long  been  in  use.  Unfortunately,  accounts  of  those  countries 
by  early  European, writers,  contain  little  else  than  details  of  the  success- 
ful villany  of  those  savage  adventurers,  who,  under  the  cloak  of  religion, 
and  by  the  most  revolting  perfidy,  robbed  the  natives  of  their  indepen- 
dence, their  property,  and  myriads  of  them  of  their  lives. 

It  is  impossible  to  reflect  on  the  great  population  of  ancient  Anahuao-— 
the  progress  which  the  natives  had  made  in  the  arts — the  separation  of 
trades  and  professions — their  extensive  manufactures — the  splendor  of 
their  buildings — their  laws — die  rich  produce  of  their  highly  cultivated 
fields — the  freedom  and  prosperity  of  the  republics  of  Tlascala,  and  the 
comparative  general  happiness  of  the  inhabitants ;  with  the  utter  desola- 
tion brought  on  them  and  their  country  by  the  Spaniards — without  feeling 
emotions  of  unmitigated  indignation.  No  one  can  read  even  Solis,  the 
advocate  of  Cortez  and  the  palliator  of  his  conduct,  without  being  thrilled 
with  horror  at  the  uniform  treachery,  cruelty,  and  blasphemy  of  that  man 
His  watchword  of  *  the  Holy  Ghost,*  while  slaughtering  the  natives  on  one 
occasion  like  sheep,  conveys  but  an  imperfect  idea  of  his  ferocity  and  in- 
difference to  their  sufferings,  and  of  the  disgusting  affectation  of  promoting 
Christianity,  under  which  he  pretended  to  act.  *  Religion,*  says  Solis,  *  was 
always  his  principal  care.'  The  Spaniards  affected  to  shudder  at  the  san- 
guinary gods  of  the  Mexicans,  which  required  human  sacrifices — while 
they  immolated  in  cold  blood,  hecatombs  of  the  natives  to  the  demons 
they  themselves  worshipped — viz.  avarice  and  dominion — ^until  the  land 
was  filled  with  slaughter,  and  whitened  with  the  bones  of  their  victims. 
It  is  said,  that  **  in  seventeen  years,  they  destroyed  above  six  millions 
of  them."  No  romance  ever  equalled  in  horror  the  tragedies  per- 
formed by  Almagro,  Valdivia,  Cortez  and  Pizarro— and  yet  these  men 
have  been  held  up  as  examples  of  heroism,  and  our  youth  have  been 
taught  to  admire,  and  of  course  to  emulate  '  the  glory  of  Cortez.' 

It  is  more  than  probable  that  the  people,  who,  m  remote  times,  in 
habited  the  southern  continent  and  Mexico,  remains  of  some  of  whcise 
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workS;  rival  in  magnitude  those  of  Egypt  and  India,  and  many  of 
them,  (the  roads  and  aqueducts  particularly,)  equalled  in  utility  the 
noliest  works  of  Greece  and  Rome — were  not  without  hydraulic  en- 
gines ;  and  had  descriptions  of  them  been  preserved,  they  would  have 
furnished  more  interesting,  and  perhaps  more  certain  data,  respecting  the 
peopling  of  America,  and  of  the  origin  of  the  Toltec  ai.d  A  stec  races, 
than  any  others  derived  from  the  useful  arts.  From  the  aT.a«ogy  there  is 
between  some  of  the  arts,  manners,  and  customs  of  the  ancient  people  of 
Mexico  and  South  America,  and  those  of  Asia,  we  mlgiit  suppose  that  the 
swape,  bucket  and  windlass,  noria,  and  chain  of  pots,  a.iJ  perhaps  the 
chain  pump  were  known  to  them;  but  of  this  we  have  met  with  no  direct 
proof.  Were  the  fact  established,  that  they  were  in  possession  of  these 
machines,  it  would  greatly  tend  to  prove  their  Asiatic  origin  in  post- 
diluvian times  ;  while  on  the  other  hand,  if  lacking  these,  they  had  others 
peculiar  to  themselves,  such  a  fact  would  be  one  of  the  most  interesting 
circumstances  connected  with  the  early  historv  of  these  continents  :  and 
might  be  adduced  to  sustain  the  hypothesis  of  those  who  consider  this 
hemisphere  as  having  been  uninterruptedly  occupied  by  man,  from  times 
anterior  to  Noah's  flood ;  and  consequently  many  of  the  machines,  arts, 
and  productions  of  the  inhabitants  peculiar  to  themselves. 

The  Toltecs,  we  are  informed,  introduced  the  cultivation  of  maize  and 
cotton  ;  they  built  cities,  made  roads,  and  constructed  those  great  pyramids 
which  are  yet  admired ;  and  of  which  the  faces  are  very  accurately  laid 
*out ;  they  could  found  metals,  and  cut  the  hardest  stone — they  knew  the 
use  of  hieroglyphical  painting,  and  they  had  a  solar  year,  more  perfect 
than  that  of  the  G-reeks  and  Romans.  "  Few  nations  (says  Humboldt) 
moved  such  great  masses  as  were  moved  by  the  Mexicans,"  proofs  of 
which  are  still  found  among  the  ruins  of  their  temples.  The  calender 
stone,  and  the  sacrifice  stone,  in  the  great  square  at  Mexico,  containing 
282  and  353  cubic  feet ;  a  carved  stone  dug  up,  which  was  upwards  of 
2f2feet  in  length,  19  feet  in  breadth,  and  about  10  deep — are  examples;  and 
the  colossal  statue  of  the  Goddess  Teoyaomiqui^  is  another.*  And  what  is 
more  to  our  purpose,  remains  of  aqueducts,  of  surprising  magnitude  and 
workmanship,  are  found  throughout  Chili,  Mexico,  and  Peru. 

Nor  had  these  arts  been  lost  at  the  period  of  the  Spanish  invasion.  At 
that  time,  agriculture,  artificial  irrigation,  and  many  other  of  the  mechanic 
arts,  especially  those  which  relate  to  the  metals,  appear  to  have  been  in 
a  more  advanced  state,  than  they  have  ever  been  in  Spain,  during  any 
subsequent  period.  When  Grijalva  and  his  companions  landed  in  Yuca- 
tan, (in  1518)  they  were  astonished  at  the  cultivation  of  the  fields,  and  the 
beauty  of  the  edifices— as  well  as  at  the  ornaments,  &c.  in  gold,  which  the 
natives  possessed,  the  value  of  the  workmanship  often  *  cxccedmg  that  ftf 
the  metal,'  Tlascala,  (says  Solis,)  was  at  that  period,  **  a  very  populous 
city  ;"  the  houses  were  built  of  stone  and  brick,  their  roofs  were  flat  and 
surrounded  with  galleries.  The  Tlascalans,  says  Herrera,  had  baths,  bow* 
ers,  sndJountaiTis,  and  whenever  a  new  house  was  Rnished,  tliey  had  feasts 
and  dancing,  &c.  like  the  house  warming  of  o\d  in  Europe.  Every  house 
in  Zempoala  had  a  garden  wit?i  loatcr.  Ancient  welh  are  still  in  use  in 
Mexico,  some  of  which  are  two  and  three  hundred  feet  in  depth.  Water 
is  drawn  from  them  to  irrigate  the  soil. 

The  city  of  Cholula  was  located  in  a  delightful  plain  ;  it  contained 
20,000  inhabitants,  and  the  number  in  its  suburbs  was  greater.      The 

■  Clavigero  says,  columns  of  stone  of  one  piece,  80  feet  lotif,  and  20  feet  in  circou^ 
Terence,  were  extant  in  hi*  time,  in  the  edifices  ofMicllan.    Mexico,  Vol  i,  420. 


Chap,  18.]  m  Ans'dent  Mexico.  161 

Spaniards  compaied  it  to  Valladolid  for  its  beauty  and  magnific«iice. 
It  was  a  great  emporium  of  merchandise.  Strangers  from  distant  parts  of 
the  continent  flocked  to  it.  Solis  says,  the  streets  were  wide  and  well  laid 
oat;  the  buildings  larger  and  of  Jbetter  architecture  than  those  of  Tlascala, 
and  the  inhabitants  were  principally  merchants  and  mechanics.  Cortez 
himself,  aiiter  entering  this  city,  thus  speaks  of  it  in  a  letter  to  Charles  V. 
"The  inhibitants  are  better  clothed  than  any  we  have  hitherto  seen.  Peo- 
ple in  ea»;'  circumstances  wear  cloaks  above  their  dress ;  these  cloaks 
differ  frori  lioee  of  Africa,  for  they  have  pockets,  though  the  cut,  cloth 
and  fiinges  are  the  same.  The  environs  of  the  city  are  very  fertile  and 
well  c-'iltivated.  Almost  aU  the  fields  may  be  watered;  and  the  city  is 
much  ^zare  beautiful  than  aU  those  in  Spain  ;  for  it  is  well  fortified,  and 
built  on  level  ground.  I  can  assure  your  h>ghness,  that  from  the  top  of  a 
mosque  (temple)  I  reckoned  more  than  four  hundred  towers,  all  of  mosques. 
The  number  of  inhabitants  is  so  great  that  there  is  not  an  inch  of  ground 
uncultivated."  When  the  Spaniards  reached  Tezcuco,  they  found  it  as 
Ur^e  again  as  Seville.  It  rivalled  in  grandeur  and  extent  Mexico  itself, 
and  was  of  a  much  more  ancient  date  than  that  capital.  Herrera  says, 
the  streets  were  very  regular,  and  th^t  Jresh  water  was  brotight  in  pipes 
from  the  mountains  to  everj/  home.  The  principal  front  of  the  buildings 
extended  on  the  borders  of  a  spacious  lake,  where  the  causeway  that  led 
to  Mexico  began.  It  was  from  this  causeway,  which  was  built  of  stone 
and  lime,  that  the  Spaniards  first  beheld  the  distant  capital,  with  its  towers 
ind  pinnacles  in  the  midst  of  the  lake;  and  on  the  8th  November,  1519, 
Cortez  and  his  myrmidons  entered  that  ciiy,  which  then  contained  a  great- 
er pfopulation  than  New- York  does  at  present ;  for  it  had  between  three 
and  four  hundred  thousand  inhabitants. 

When  the  Spaniards  entered  the  gates,  through  a  bulwark  of  stone 
supported  by  castles,  they  beheld  a  spacious  street  with  houses  uniformly 
built,  and  the  windows  and  battlements  filled  with  spectators.  They 
were  received  into  one  of  Motezuma's  houses,'  which  had  been  built  by 
his  father.  This  building,  Solis  remarks,  vied  in  extent,  with  the  principal 
palaces  of  emperors  in  Europe ;  and  had  the  appearance  of  a  fortress, 
with  thick  stone  walls  and  towers  upon  the  flanks.  The  streets  of  the  city 
were  straigfht,  as  if  drawn  by  a  line  ;  and  the  public  buildings,  and  houses 
of  the  nobility,  which  made  up  the  greatest  part  of  the  city,  were  of  stone 
and  well  built.  The  palace  of  Motezuraa  was  so  large  a  pile  that  it 
opened  with  thirty  gates  into  as  many  different  streets.  The  principal 
front  took  up  one  entire  side  of  a  spacious  parade,  and  was  of  black,  red 
and  white  jasp«»r,  well  polished.  Over  the  gates  were  the  arms  or  sym- 
bolical figures  of  Motezuma  or  his  predecessors,  viz.  a  griffin,  being  half 
an  eagle  and  half  a  lion  ;  the  wings  extended  and  holding  a  tiger  in  its 
talons.  The  roofs  of  the  buildings  were  of  cypress,  cedar,  and  other 
odoriferous  woods,  and  were  ornamented  with  carvings  of  "different 
foliages  and  relievos."  But  without  referring  to  the  splendor  of  this  un- 
fortunate monarch's  court,  his  luxurious  mode  of  living,  his  treasures,  the 
chair  of  bu<*nished  gold  in  which  he  was  carried  to  meet  Cortez,  the  jew- 
els of  gold,  pearls,  and  precious  stones,  that  adorned  his  person  and  those 
of  his  attendants,  and  the  "  shoes  of  hammered  gold,"  that  were  bound  to 
his  feet  an  j  legs  with  straps,  like  the  Roman  military  sandals  ;  it  will  be 
sufficient  to  notice  the  market  of  the  city  for  the  sale  of  merchandise,  in 
order  to  realize  a  tolerably  correct  idea  of  the  state  of  the  arts  among  the 
Mexicans.  Nothing  excited  the  surprise  of  the  Spajiiards  so  much  as 
fchis  market — both  as  regarded  the  quantity,  variety,  and  quality  of  the 
l^oods  0  )ld,  and  the  order  which  prevailed. 

«1 
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Tbe  Mexican  works  of  gold  and  silver,  sent  by  Cortez  to  Charles  V 
says  Clavigero,  **  filled  the  goldsmiths  of  Europe  with  astcnishrnent.'* 
"  Some  of  them  were  inimitable."  Among  others,  there  were ^ »/*<;*  having 
scales  alternately  of  gold  and  silver — a  parrot  with  moveahle  Jiead,  tongue^ 
and  tmng9 — an  ape  with  moveable  head  and  feet,  and  having  a  spindle 
in  its  hand,  in  the  attitude  of  spinning.     Vol.  i,  413. 

Cortez,  in  a  letter  to  Charles  V.  dated  October  1520,  says,  "  the  market 
place  is  twice  as  large  as  that  of  Seville  and  surrounded  with  an  immense 
portico,  under  which  are  exposed  for  sale  all  sorts  of  merchandise,  eata- 
bles, ornaments  made  of  gold,  silver,  had^  pe?Mer,  precious  stones,  bones, 
shells,  and  feathers  ;  delft  ware,  leather,  and  spun  cotton.  We  find  hewn 
Btone,  tiles,  and  timber  fit  for  building.  There  are  lanes  for  game,  others 
for  roots  and  garden  fruits.  There  are  houses  where  barbers  shave  the 
head,  (with  razors  made  of  obsidian,)  and  there  are  houses  resembling  our 
apothecary  shops,  where  prepared  medicines,  unguents,  and  plasters  are 
sold.  The  market  abounds  w.th  so  many  things,  that  I  am  unable  to  name 
them  all  to  your  highness.  To  avoid  confusion,  every  species  of  mer- 
chandise is  sold  in  a  separate  lane.  Every  thing  is  sold  by  the  yard,  (by 
measure)  but  nothing  has  hitherto  been  seen  to  be  weighed  in  the  market. 
In  the  midst  of  the  great  square,  is  a  house,  which  I  shall  call  Va^tdencia 
in  which  ten  or  twelve  persons  sit  constantly  for  determining  any  disputes 
which  may  arise  respecting  the  sale  of  goods.  There  are  other  persons 
who  mix  continually  with  the  crowd,  to  see  that  a  just  price  is  asked 
We  have  seen  them  break  the  false  measures,  which  they  had  seized  fi-onr 
the  merchants." 

Solis  has  recorded  some  facts,  which  are  too  interesting  to  mechanics  to 
be  omitted.  "  There  were  rows  of  silversmiths,  who  sold  jewels  and 
chains  of  extraordinary  fashion  ;**  several  figures  of  beasts  in  gold  and 
silver,  wrought  with  so  much  art,  as  raised  the  wonder  of  our  artificers ; 
particularly  some  skillets  with  moving  handles,  tliai  were  so  cast;  beside* 
other  works  of  the  same  kind,  with  mouldings  and  relievos,  without  any 
signs  of  a  hammer  or  graver."  Herrera,  speaking  of  these,  observes, 
"  some  things  were  cast,  and  others  wrought  with  stones,  to  such  perfec- 
tion, that  many  of  them  have  surprised  the  ablest  goldsmiths  in  Spain,  for 
they  could  never  conceive  how  they  had  beep  made  ;  there  being  no  sign 
of  a  hammer,  or  an  engraver,  or  any  other  instrument  used  by  them." 
They  brought  to  the  fair,  (continues  ^^olis)  all  the  different  sorts  of  cloth, 
made  throughout  this  vast  empire,  of  cotton  and  rabbits'  fur,  which  the 
women  of  this  country,  enemies  to  idleness,  spun  extremely  fine,  being  very 
dexterous  in  this  manufacture.  They  had  also  drinking  cups  excjuisitely 
made  of  the  finest  earth,  different  in  color,  and  even  in  smell ;  and  of  this 
kind,  they  had  all  sorts  of  vessels,  necessary  either  for  the  service  and  or- 
nament of  a  house. 

•These,. which  were  worn  round  the  neck,  were  doubtless  similar  to  tliose  known  as 
Panama  chains;  which  certainly  are  extraordinary  specimens  of  workmanship.     Thev 
may  sometimes  be  met  with  at  our  jewcllern,  who  buy  them  for  the  purity  of  the  gold. 
It  IS  said  that  the  mode  of  makiug  them  has  never  been  discovered,  and  that  the 
secret  is  still  preserved  amoni;  the  Indians  of  Panama.     We  have  examinMi  one  which 
came  from  Carthagena,  the  length  of  which,  had  it  been  cut,  was  eight  feet  two  inches 
its  section,  which  was  hexagonal,  did  not  exceed  one  twentieth  of  an  inch  in  diameter 
It  was  formed  of  one  or  more  fine  wires,  which  seemed  to  have  been  woven  or  interlace : 
like  the  platting  of  a  whip  handle.     When  a  single  thread  was  examined  by  a  micro 
Mope,  it  was  fonnd  to  be  composed  of  several  smaller  wires,  which  separate,  were  scarce- 
ly perceptiblu  to  our  unaiaed  vision.    The  weight  of  the  chain  was  eleven  penny- 
weights, and  it  appeared  to  be  as  flexible  as  a  piece  of  twine,  certainly  far  more  so 
than  any  chain  foroMd  of  links.    No  ond  of  a  wire  could  be  detected,  and  not  a  iMrfiel'* 
of  solder  was  used. 
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No  one  can  doubt,  tnat  a  people,  thus  far  advanced  in  c:vnization 
and  the  usefal  arts,  were  in  possession  of  machines  of  some  kind  of 
other  for  raising  w&^er.  Indeed  the  location  and  great  population  ol 
some-  of  their  cities  required  a  familiar  knowledge  of  hydraulic  opera- 
tions to  supply  them  with  water ;  and  hence  it  would  seem  as  if  they  had 
cultivated  this  department  of  the  arts  equally  with  others,  for  some  of 
tlieir  aqueducts  would  have  done  honor  to  G-reece  and  Rome.  Nearly  all 
the  ancient  cities  of  Mexico  were  supplied  by  them.  We  have  already 
remarked  that  Tlascala  was  furnished  with  abundance  of  baths  and  foun- 
tains— that  every  house  in  Zempoala  had  water — that  Tezcuco  had 
an  aqueduct,  from  which  every  dwelling  was  supplied  hi/  a  jnpe,  as 
in  modern  cities;  and  we  may  add,  Iztaclapa,  which  contained  about  ten 
thousand  houses,  had  its  aqueduct  that  conveyed  water  from  the  neighbor- 
ing mountains,  and  led  it  through  a  great  number  of  well  cultivated  gar- 
dens. In  the  city  of  Mexico,  there  were  several  aqueducts.  That  of  C%a- 
jndicpec  was  the  work  of  Motezuma,  and  also  the  vast  stone  reservoir 
connected  with  it.  When  the  Spaniards  besieged  the  city  they  destroyed 
this  aqueduct.  Cortez  in  his  first  letter  to  Charles  V.  mentions  the  spring 
of  Amilco,  near  Churubusco,  of  which  the  waters  were  conveyed  to  the 
city  **  in  two  large  pipes,  well  moulded  and  cs  hard  as  stone,  but  the  wa- 
ter  never  ran  in  more  than  one  of  them  at  the  same  time."  We  still  per- 
ceive, says  Humboldt,  the  remains  of  this  great  aqueduct,  which  was  con- 
structed with  double  pipes,  one  of  which  received  the  water,  while  they 
were  employed  in  cleansing  the  other ;  but  this  aqueduct,  he  says,  was  in- 
ferior to  the  one  at  Tezcuco :  of  it,  he  observes,  "  we  still  admire  the 
traces  of  a  great  mound,  which  was  constructed  to  heighwn  the  level  of 
the  water."  The  gardens  of  Motezuma  were  also  adorned  and  nourish- 
ed with  streams  duiWi  fountains,  and  appear  to  have  rivalled  those  of  Asiatic 
monarchs  in  splendor.  And  among  the  hieroglyphical  ornaments  of  the 
pyramid  of  Xochicalco,  are  heads  of  crocodiles  sjpouting  water,  a  proof 
that  ancient  Americans  were  acquainted  with  that  property  of  liquids 
by  which  they  find  their  level ;  and  applied  it  not  merely  to  fountains 
«ind^V*^  d*eau,  but  to  convey  water  through  pipes  to  their  dwellings. 

We  cannot  reflect  on  the  progress  which  the  ancient  inhabitants  af 
Mexico  had  made  in  the  arts,  and  the  magnitude  and  excellence  of  some 
of  their  hydraulic  works,  without  regretting  that  no  particular  accounts  of 
their  devices  for  raising  water  have  been  preserved.  Of  one  thing  how- 
ever, we  may  be  sure,  that  no  people  ever  constructed  such  works  as  they 
did,  for  the  irrigation  of  land,  and  the  supply  of  cities,  who  had  not  pre 
viously  experienced  the  inefficiency  of  machines  for  those  purposes  ;  nov 
could  their  agriculture  have  been  carried  to  the  extent  it  was,  without  the 
aid  of  them  in  times  of  drought. 

*  The  machines  called  narias  (says  Humboldt)  are  essential  to  Mexicar 
agriculture.**  Does  it  not  follow  then  that  these,  or  others  for  the  same 
purpose,  were  equally  essential,  before  the  conquest,  when  the  population 
of  the  country  was  so  much  greater,  and  agriculture  more  extensively 
practised  1  There  is  no  doubt,  he  observes,  that  all  the  country  from  the 
river  Papaloapan  "  was  better  inhabited  and  better  cultivated  than  it  now 
is."  The  swape  (guimbelette)  is  quite  common  in  Mexico.  It  is  there 
used  as  in  this  country  for  raising  water  from  w^ells  of  moderate  depth.  A 
friend  just  returned  from  a  tour  in  Texas,  informs  us,  that  among  the 
Cooshattie  tribe  of  Indians  on  the  Trinity  river,  and  in  all  the  settlements, 
vhether  Indian,  Creole,  or  modem  Mexican ;  in  pooulous  villages  or  af 
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solitary  wigwams,  the  '  well  pole'  or  swape  is  dlixicet  always  to  be  seen. 
In  wells  of  considerable  depth,  the  pulley  and  double  chain  witli  two 
buckets  are  adopted  ;  and  the  chain  of  pots  and  noria  are  extensively  used 
in  raising  water  for  irrigation,  being  moved,  as  in  Spain,  by  oxen  or  mules. 
As  these  are  the  only  devices  for  raising  water  that  are  now  in  use,  ex- 
cept the  common  pump  to  a  very  limited  extent,  and  the  ordinary  mode 
of  drawing  it  from  mines,  by  buckets  worked  by  animals,  the  question  oc- 
curs, were  they  or  any  of  them  in  use  previous  to  the  conquest]  The 
pump  excepted,  we  should  suppose  they  were ;  but  as  before  remarked, 
we  have  no  direct  evidence  to  establish  the  fact.  As  the  Mexicans  were 
collected  in  villages  and  accustomed  to  cultivate  the  soil,  at  least  400  year? 
before  the  conquest,  and  subsequent  to  that  event,  the  great  mass  of  the 
farmers  have  been  and  are  Indians,  who  adhere  with  "  extraordinarv  ob- 
stinacy"  to  the  customs  of  their  ance<«to  s,  it  seems  natural  to  suppose  thai 
they  (like  the  agricultural  classes  of  ali  o  her  countries)  would  retain  some 
of  the  old  modes  of  raising  water ;  but  as  those  above  named  are  said  to  be 
the  only  ones  practised,  it  is  probable  that  some  of  them  at  least  were 
known  to  the  inhabitants  of  old. 

Palenque  is  about  thirty  miles  from  Tobasco.  It  is  surrounded  by 
dense  forests,  and  overgrown  with  the  vegetation  of  past  ages.  Of  its 
founders  and  inhabitants  nothing  is  known,  nor  yet  of  the  period  whejj 
they  flourished.  The  remains  of  this  city  have  been  traced  over  an  ex- 
tent of  twenty  four  miles,  and  consist  of  massive  edifices,  of  a  novel  anJ 
very  chaste  style  of  architecture.  These  are  accurately  laid  out  to  the 
four  cardinal  points  of  the  compass,  and  are  built  of  hewn  stone.  Th<!ru 
are  temples,  palaces,  and  tombs  ornamented  with  the  richest  sculpture;! 
and  bas  reliefs,  extensive  excavations,  subterranean  passages,  bridges, 
dikes,  AQUEDUCTS,  &c.  all  indicative  of  a  powerful  and  highly  civilized 
people.  Dupaix  and  his  companions,  who  were  sent  out  in  IS05  by 
Charles  IV.  of  Spain,  to  examine  and  report  on  these  buildings,  after 
three  weeks  intense  labor  in  cutting  down  trees  which  grew  over  them, 
were  enabled  to  examine  fifteen  edifices,  which  elicited  tneir  wonder  and 
admiration.  Mr.  Waldeck,  a  late  traveler,  who  has  spent  several  years 
in  examining  and  collecting  evidences  of  early  American  civilization^  cut 
down  a  tree,  (that  was  growing  over  an  ancient  building  at  Palenque)  the 
concentric  circles  in  a  section  of  which,  indicated  a  growth  of  973  years ' 
But  how  many  centuries  had  elapsed  from  the  ruin  and  desertion  of  the 
city,  and  for  the  accumulation  of  soil  over  it,  ere  this  tree  took  root,  can 
only  be  conjectured.  The  sculptures  on  the  walls  are  surprisingly  per- 
fect, and  among  them  are  hieroglyphics  which  are  supposed  to  have  pho- 
netic power.  Men  and  women  are  represented  clothed  in  figured  gar- 
ments, indicating  the  manufacture  of  flowered  stuffs ;  and  various  relics 
which  have  been  disinterred,  as  toys,  vessels,  ornaments  of  dress,  &c. 
prove  considerable  progress  in  other  branches  of  the  useful  arts.  But  ex- 
tensive as  these  ruins  are,  and  pregnant  with  information  of  thrilling  in- 
terest, Palenque  is  like  Mitla,  the  partner  of  its  glory  and  of  its  degrada- 
tion, a  *  city  of  the  dead.'  Not  a  voice  is  heard  in  it,  or  around  it,  but  the 
hissing  of  serpents,  the  buzzing  of  insects,  the  gibbering  of  monkeys,  and 
the  screeching  of  wild  birds. 

There  is  one  circumstance  respecting  the  ancient  cities  and  people  of 
Yucatan  which  relates  to  our  subject,  that  is  deserving  of  attention.  It  is 
this — from  the  geographical  position  and  physical  features  of  the  country 
WEi.i.8  have  always  been  of  primary  importance.  During  the  greater 
part  of  the  year  tiie  inhabitants  have  no  other  resource  for  fresh  water' 
and  this  mnst  necessarily  have  been  the  case,  ever  since  the  present  or 
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eariization  of  these  continents  took  place.  In  those  remote  ag^es^  then, 
auring  which  the  country  was  occupied  by  a  numerous  and  civihzed  peo- 
ple, wells  must  have  been  very  common ;  and  as  they  are  not,  like  struc- 
tures erected  on  the  surface,  subject  to  decay,  or  obnoxious  to  destruction, 
the  discovery  and  examination  of  some  of  them  is  greatly  to  be  desired 
Who  can  tell  what  stores  of  treasure  are  buried  in  them ;  what  specimens  oi 
art;  what  means  for  tracing  the  history,  and  also  the  revolutions,  through 
which  the  ancient  people  of  America  have  passed;  their  origin,  progress, 
and  disappearance?  If  Palenque  and  its  sister  cities  were  destroyed  by 
war,  then  it  is  almost  certain  that  the  inhabitants  would  have  recourse  to 
wells  for  the  secretion  of  their  treasures,  both  public  and  private ;  a  prac- 
tice that  has  been  followed  in  all  ages  and  by  all  people. 

Relics  of  former  ages,  which  have  been  found  (more  or  less  numerous) 
over  both  continents,  incontestibly  prove  that  civilized  people  flourished 
here  in  former  ages ;  and  that  they  and  their  progeny  have  disappeared, 
as  if  by  some  general  and  sudden  calamity  they  had  been  swept  off  the 
stage  of  life,  to  a  man.  It  would  seem  too,  as  if  a  long  period  of  deathlike 
stillness  had  succeeded,  (like  that  after  the  deluge)  so  that  all  knowledge 
of  them  had  perished,  when  another  race  appeared  and  took  possession 
of  the  soil.  These  were  the  ancestors  of  the  present  Indians,  who,  in 
their  turn  are  rapidly  becoming  extinct,  without  our  being  able  to  tell  who 
they  were,  whence  they  came,  or  when  they  first  made  their  appearance. 
We  see  no  reason  to  doubt  their  tradition  respecting  the  great  Megalonyx 
and  Mastodon  of  the  western  prairies,  having  been  contemporary  with  tlieir 
forefathers,  since  the  discovery  of  the  bones  of  these  animals  corroborate  in 
some  degree  the  truth  of  it.  Nor  is  it  at  all  improbable  that  their  ac- 
counts of  the  voracious  and  enormous  Piasd,  *  the  bird  that  devours  men,' 
is  fabulous ;  a  figure  of  which  is  cut  on  the  face  of  a  smooth  and  perpen- 
dicular rock,  at  an  elevation  which  no  human  art  can  now  reach ;  near  the 
mouth  of  a  small  stream,  named  the  Pias&,  which  enters  the  Mississippi 
between  Alton  and  tlie  mouth  of  the  Illinois.  See  Family  Mag.  1S37, 
V'ol.  iv,  ICl. 


ON  THE  HYDRAULIC  AND  OTHER  WORKS  OF  THE  ANCIENT  PERUVIANS. 

Molina,  in  his  *  Natural  and  civil  History  of  Chilis  observes  that  previous 
to  the  invasion  of  the  Spaniards,  the  natives  practised  artificial  irrigation,  by 
conveying  water  from  the  higher  grounds  in  canals  to  their  fields.  Herrera 
says,  many  of  the  vales  were  exceedingly  populous  and  well  cultivated, 
*  having  trenches  of  water.'  The  Peruvians  carried  the  system  to  a  great 
extent.  "  How  must  we  admire  (says  Humboldt)  the  industry  and  activity 
displayed  by  the  ancient  Mexicans  and  Peruvians  in  the  irrigation  of  arid 
lands  f  In  the  maritime  parU  of  Peru,  I  have  seen  the  remains  of  walls, 
along  which  water  was  conducted  for  a  space  of  from  5  to  6000  metres, 
from  the  foot  of  the  Codilleras  to  the  coast.  The  conquerors  of  the  16th 
century  destroyed  these  aqueducts,  and  that  part  of  Peru  has  become 
like  Persia,  a  desart,  destitute  of  vegetation.  Such  is  the  civilization  car- 
ried by  the  Europeans  among  a  people,  whom  they  are  pleased  to  call 
barbarous."*  These  people  had  laws  for  the  protection  of  water,  very 
similar  to  those  of  Greece,  Rome,  Egypt,  and  all  the  older  nations  ;  for 
those  who  conveyed  water  from  the  canals  to  their  own  land  before  their 
turn,  we-e  liable  to  arbitrary  punishment.  Several  of  the  ancient  Amer 
lean  customs  respecting  water,  were  identical  with  those  of  the  oldest 
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nations.  They  buried  vessels  of  water  with  the  dead."  The  Mexicans 
worshipped  it."  The  Peruvians  sacrificed  to  rivers  and  fountains.^  The 
Mexicans  had  JTaloc  their  god  of  water.^  Holy  water  was  kept  in  their 
temples.*  They  practised  divination  by  waler.^  The  Peruvians  drew 
their  drinking  water  from  deep  wells,'  and  for  irrigation  in  times  of 
drought,  they  drew  it  from  pools,  and  lakes,  and  rivers. 

The  annals  of  the  world  do  not  furnish  brighter  examples  of  national 
benevolence,  than  the  early  history  of  Peru.  The  wars  of  the  mcas 
were  neither  designed  nor  carried  on,  to  gratify  ambition  or  the  lust  of  con- 
quest, but  to  extend  to  the  brutalized  people  by  whom  they  were  sur- 
rounded, the  advantages  of  civilized  life ;  to  introduce  agriculture  and  all 
its  attending  blessings,  among  hordes  of  savages,  that  were  sunk  in  the 
lowest  depths  of  bestiality.  But  that  which  sheds  a  peculiar  glory  over 
the  ancient  Peruvians,  was  their  systematic  and  persevering  efforts  to 
achieve  their  conquests  without  the  effusion  of  blood.  In  reading  their 
history,  the  mind  is  not  only  relieved  from  those  horrible  details  of  car- 
nage that  constitutes  so  prominent  a  part  in  the  historic  pages  of  other  na- 
tions, but  the  most  agreeable  emotions  are  excited  by  the  benevolent  and 
generally  successful  endeavors  of  this  people,  to  overcome  their-  foes  by 
reason — ^by  exhibiting  to  them  the  advantages  of  regulated  society,  and  by 
invitations  to  embrace  them.  This  policy  was  in  accordance  with  the  in- 
junctions of  their  first  king,  whose  precepts  they  greatly  reverenced.  He 
taught  iliem  to  overcome  their  enemies  "  by  love — by  ihe  force  of  bene" 
^ts"  and  hence  we  find  that  when  they  were  successful,  they  neither 
robbed  the  inhabitants  of  their  land,  their  liberty,  nor  their  lives  but  used 
their  influence  and  superior  knowledge  to  ameliorate  their  condition.  And 
when  these  efforts  failed,  and  active  warfare  was  the  only  resource,  they, 
conscious  of  the  wickedness  of  conquering  men  by  their  destruction, 
and  that  those  could  never  be  good  subjects  who  *  obeyed  from  fesir,' 
uniformly  besieged  them,  till  the  latter  became  convinced  of  their  own  ina- 
bility to  resist,  and  of  the  policy  of  acceding  to  the  terms  of  their  pow- 
erful invaders. 

In  this  manner  the  *  children  of  the  sun'  extended  their  conquests  over 
a  large  part  of  the  southern  continent ;  and  in  no  part  of  the  world  were 
provinces  more  loyal,  or  a  people  more  attached  to  their  institutions  and 
to  their  princes  ;  nor  was  there  ever  a  people  more  humane.  The  con- 
duct of  some  of  the  incas,  when  at  the  head  of  their  armies,  in  endur- 
ing the  taunts  and  scoffs  of  their  ignorant  and  imbecile  foes  with  philo- 
sophic forbearance,  is  truly  admirable,  and  might  be  contrasted  with  that  of 
christian  warriors  ;  but  then  their  object  was  not  to  acquire  fame  by  the 
destruction  of  their  species,  but  to  benefit  them,  even  at  the  risk  of  their 
reputation.  If  ever  offensive  wars  were  justifiable,  those  of  the  early 
incas  certainly  were,  since  their  object  was  the  extension  of  human  hap- 
piness, and  which  they  carried  on  in  a  corresponding  spirit  of  humanity, 
n  neither  sacred  nor  profane  history  can  such  examples  be  found. 

Agriculture  was  the  first  object  to  which  their  attention  was  directed  ; 
hence  we  find  engineers  and  other  artists  immediately  sent  into  the  subdued 
countries,  or  rather,  among  their  new  friends,  to  introduce  the  arts  of 
ploughing  and  cultivating  Uie  soil,  &c.  And  as  large  tracts  of  land  were 
destitute  of  vegetation  for  want  of  water,  mention  is  constantly  made  of 
aqueducts  and  reservoirs  among  tlie  earliest  of  works  undertaken.  In 
some  districts,  rain  was,  and  still  is,  unknown.     "  For  the  space  of  seven 

•  Puichas's  Pilgrim.  1080.    •'Ibid.  966.    «^lbid.  1070.    '"Ibid. 986.    Mbid.OST.      Ibir' 
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hundred  leagues  along  the  coast  (says  Garcilasso)  it  did  never  rain.^ 
Contrivances  to  obtain  and  distribute  water,  were  therefore,  with  the  in» 
cas  as  with  the  early  kings  of  Egypt,  the  most  important  and  constant  ob- 
jects of  their  care.  Nor  does  it  appear  that  the  Egyptians  were  more 
assiduous  in  this  kind  of  labor  than  the  people  of  Peru.  Examples  are 
mentioned  of  the  latter  having  conveyed  small  streams  through  a  space 
of  sixty  miles,  to  irrigate  a  few  acres  of  land. 

There  are  several  points  of  resemblance  between  these  two  people ; 
lome  of  which  are  to  be  attributed  to  both  countries  being,  in  a  great 
measure,  destitute  of  rain.  The  first  inca,  like  Osiris,  taught  the  inhabi- 
tants to  cultivate  the  land  ;  to  construct  reservoirs  and  aqueducts;  to  make 
ploughs,  harrows,  and  shoes  for  their  own  feet — such  shoes,  says  Garci- 
lasso, *  as  they  now  wear.'  The  wife  of  Manco  Capac,  like  Isis,  taught 
the  women  to  spin,  to  weave,  and  to  make  their  own  garments.  Some 
of  their  fables,  too,  resemble  those  of  the  Egyptians  respecting  Isis.  Ac- 
cording to  one,  "  the  maker  of  all  things  placed  in  heaven  a  virgin,  the 
daughter  of  a  king,  holding  a  bucket  (tf  water  in  her  Jiand,  for  the  refresh- 
ment of  the  earth."  Both  people  erected  stupendous  structures  and  sta- 
tues of  cut  and  polished  stone,  which  they  wrought  without  Iron ;  both 
shaved  the  head,  and  both  embalmed  the  dead. 

As  we  have  no  where  met  with  any  distinct  notice  of,  or  even  allusion 
lo,  any  Peruvian  machine  ^ot  raising  water,  we  insert  some  notices  of  their 
wells  and  aqueducts,  &c.  from  Garcilasso's  "  Royal  Commentaries  of 
Peru."  The  reader  can  then  judge,  whether  a  people  who  devised  and 
constructed  hydraulic  works  of  immense  magnitude  for  the  distribution 
of  water,  were  without  some  machines  for  raising  it ;  and  especially, 
when,  at  certain  seasons,  they  obtained  it  from  deep  wells.  The  inca 
Garcilasso  de  la  Vega,  was  a  native  of  Cusco.  His  mother  was  a  Peru- 
vian princess ;  but  his  father,  whose  name  he  bore,  was  one  of  the  Spanish 
conquerors.  He  was  born  (he  informs  us)  eight  years  after  the  Spaniards 
oecame  masters  of  the  country,  i.  e.  in  the  year  1539,  and  was  educated 
by  his  mother  and  her  relatives,  in  the  Indian  manner,  till  he  was  twenty 
years  old.  In  1560  he  wad  sent  to  Spain,  where  he  wrote  his  Commen- 
taries. These  were  translated  into  English  by  Sir  Paul  Ricaut,  and  pub- 
lished in  one  volume,  folio,  London,  16S8. 

There  is  reason  to  believe  that  Peru,  Chili,  and  other  parts  of  the 
Bi>uthern  continent,  were  inhabited  by  a  refined,  or  partially  refined  peo- 
ple, centuries  before  the  time  of  Manco  Canac,  the  first  inca ;  and  that  a 
lonj?  period  of  barbarism  had  intervened,  induced,  perhaps,  by  revolutions 
similar  to  those  which,  in  the  old  world,  swept  all  the  once  celebrated 
nations  of  antiquity  into  oblivion.  The  ancient  Peruvians  had  a  tradition 
respecting  the  arrival  of  giants,  who  located  themselves  on  the  coast,  and 
v/ho  dug  WELLS  of  immense  depth  through  the  solid  rock  ;  which  wells, 
as  well  as  cisterns,  still  remain.  When  Mayta  Capac,  the  fourth  inca, 
reduced  the  province  of  Tiahuanacu,  he  found  colossal  pyramids  and  other 
structures,  with  gigantic  statues,  of  whose  authors  or  uses,  says  Garcilasso, 
**  no  man  can  conjecture."  The  ruins  of  these  are  still  extant,  in  one  of 
the  districts  of  I^uenos  Ay  res.  In  the  same  province,  the  writer  just 
named  mentions  a  monolithic  temple,  which,  from  the  description,  equals 
any  of  those  of  Egypt.  These  ancient  buildings  were  supposed  by  the 
Peruvians  to  have  furnished  models  for  the  Temple,  Palace,  and  Fortress 
at  Cusco,  which  the  first  incas  erected.  Acos/a,  in  examining  some  of 
these  buildings  in  Tiahuanacu,  was  at  a  loss  to  comprehend  how  they 
could  have  been  erected ;  so  large,  well  cut,  and  closely  jointed  were  tlie 
etones.     "  I  measured  one  myself,  (he  observes)  wiiich  was  thirty  feet  in 
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lergth,  eighteen  in  breadth,  and  six  feet  in  thicitn'^ss ;"  am  in  the  For 
tress  of  Cusco  were  stones,  he  sj^ys,  viuch  larger.  But  what  adds  to  our 
surprise,  many  of  these  stones  were  taken  from  quarries  at  from  five  tc 
fifteen  leagues  distance  from  the  buildings. 

There  is  much  uncer.ainty  respecting  Manco  Capac.  Who  he  was, 
and  from  what  country  he  came,  are  equally  unknown.  According  to 
their  Quippv^  or  historical  cords,  and  the  opinion  of  the  inca  who  was  uncin 
to  Garcilasso,  and  who  communicated  to  the  latter  all  the  knowledge  of 
their  ancestors  then  extant,  he  made  his  appearance  in  Peru  about  400 
years  before  the  invasion  of  the  Spaniards.  It  is  said  he  was  whiter  than 
the  natives,  and  was  clothed  in  floM^ing  garments.  Awed  by  his  presence, 
they  received  him  as  a  divinity,  became  subject  to  his  laws,  and  practised 
the  arts  he  introduced.  He  founded  Cusco,  and  extended  his  influence 
to  all  the  nations  arounJ.  He  taught  them  agriculture  and  many  useful 
arts,  especially  that  of  irrigating  land.  His  son  succeeded  him,  and  with- 
out violence  greatly  extended  the  limits  of  the  kingdom ;  prevailing  with 
the  natives,  it  is  said,  by  a  peaceable  and  gentle  manne-,  '*  to  plough,  and 
manure,  and  cultivate  the  soil."  His  successors  pursued  the  same  mode, 
and  with  tfie  same  success.  The  fifth  inca,  we  are  informed,  constructed 
aqueducts,  bridges  and  roads  in  all  the  countries  he  subdued.  When  the 
sixth  inca  acquired  a  new  province,  he  ordered  the  lands  to  be  "  dressed 
and  manured  ;"  the  fens  to  be  drained,  "  for  in  that  art  [draining]  they 
were  excellent,  as  is  apparent  by  their  works,  which  remain  to  this  day : 
and  also  they  were  [then]  very  ingenious  in  making  (Z^t^ecZi/r/«  for  carrying 
water  into  dry  and  scorched  lands,  such  as  the  greatest  part  of  that  coun- 
try is  :  they  always  made  contrivances  and  inventions  to  bring  their  water. 
These  aqueducts,  though  they  were  ruined  after  the  Spaniards  came  in, 
yet  several  reliques  and  monuments  of  thorn  remain  unto  this  day." 

The  seventh  inca,  Viracocha,  constructed  some  water  works,  which,  in 
their  beneficial  effects,  perhaps  equalled  any  similar  undertakings  in  any 
other  part  of  the  world.  "  He  made  an  aqueduct  12  feet  in  depth,  and 
120  leagues  in  length  :  the  source  or  head  of  it  arose  from  certain  springs 
on  the  top  of  a  high  mountain  between  Parcu  and  Picuy,  which  was  so 
plentiful  that  at  the  very  head  of  the  fountains  they  seemed  to  be  rivers 
This  current  of  water  had  its  course  through  all  the  country  of  the  Ru 
canas,  and  served  to  water  the  pasturage  of  those  uninhabited  lands,  which 
are  about  18  leagues  in  breadth,  watering  almost  the  whole  country  of 
Perv.r 

"  There  is  another  aqueduct  much  like  this,  which  traverses  the  whole 
province  of  Cuntisuf/u^  running  above  150  leagues  from  south  to  north. 
Its  head  or  original  is  from  the  top  of  high  mountaiiis,  the  which  waters 
falling  into  the  j)lains  of  the  QucrJiv.a3,  greatly  refresh  their  pasturage? 
when  the  heats  of  the  summer  and  autumn  have  dried  up  the  moisture  of 
the  earth.  There  are  many  streams  of  like  nature,  which  run  through 
divers  parts  of  the  empire,  which  being  conveyed  by  aqueducts,  at  the 
charge  and  expense  of  the  incas,  are  works  of  grandeur  and  ostentation, 
and  which  recommend  the  magnificence  of  the  incas  to  all  posterity ;  for 
these  ac|ueducts  may  well  be  compared  to  the  miraculous  fabricks  which 
have  been  the  works  of  mighty  princes,  who  have  left  their  prodigious 
monuments  of  ostentation  to  be  admired  by  future  ages ;  for,  indeed,  we 
ought  to  consider  that  these  waters  had  their  source  and  beginning  from 
vast,  high  mountains,  and  were  carried  over  craggy  rocks  and  inaccessible 
passages;  and  to  make  these  ways  plain,  they  had  no  help  of  instruments 
forged  of  steel  or  iron,  such  as  pickaxes  or  sledges,  but  sr»rved  themselves 
only  with  ono  stone  to  break  another.     Nor  were  they  acquainted  W'th 
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the  'jivention  of  arches,  to  convey  the  water  on  the  level  from  one  preci 
pice  to  the  other,  but  traced   round  the  mountain  until  they  found  waya 
and  passages  at  the  same  height  and  level  with  the  head  of  the  springs. 

"  The  cisterns  or  conservatories  which  they  made  for  these  waters,  at 
the  top  of  the  mountain,  were  about  twelve  feet  deep ;  the  passage  was 
hrdken  through  the  rocks,  and  channels  made  of  hewn  stone,  of  about  two 
yards  long  and  about  a  yard  high ;  which  were  cemented  together,  and 
rammed  m  with  earth  so  hard,  that  no  water  would  pass  between,  to 
weaken  or  vent  itself  by  the  holes  of  the  channel. 

"  The  current  of  water  which  passes  through  all  the  division  of  Cunti- 
suyu  I  have  seen  in  the  province  of  Qucchuay  which  is  part  of  that  divis- 
ion, and  considered  it  an  extraordinary  work,  and  indeed  surpassing  the 
description  and  report  which  hath  been  made  of  it.  But  the  Spaniards 
who  were  aliens  and  strangers,  little  regarded  the  convenience  of  these 
works,  either  to  serve  themselves  in  the  use  of  them,  or  keep  them  in  re- 
pair, nor  yet  to  take  so  much  notice  of  them,  as  to  mention,  ihem  in  their 
histories,  but  rather  out  of  a  scornful  and  disdaining  humor,  liave  suffered 
them  to  run  into  ruine,  beyond  all  recovery.  The  same  fate  hath  befallen 
the  AQUEDUCTS  which  the  Indians  made  for  watering  their  com  lands,  of 
which  two  thirds  at  least  are  wholly  destroyed,  and  none  kept  in  repair, 
unless  some  few  which  are  so  useful  that  without  them  tliey  caimot  sus- 
tain themselves  with  bread,  nor  with  the  necessary  provisions  of  life. 
AH  which  works  are  not  so  totally  destroyed,  but  tliat  there  still  remains 
some  ruines  and  appearances  of  tliem." 

The  last  who  was  independent,  and  by  far  the  worst  of  the  incas,  waa 
Atahualpa  or  Atabalipa,  the  13th  from  Manco  Capac.  He  treacherously 
slew  his  brother  and  murdered  nearly  all  his  relations.  GarcIUisso*s 
mother  and  a  few  others  escaped.  He  M-as  strangled  by  Pizarro  in  May 
1533,  after  having  purchased  his  life  of  that  monster,  by  filhng  the  room  ol 
his  prison  with  gold  and  silver  vessels,  and  ingots,  to  a  line  chalked  round 
^he  wall,  at  the  height  of  about  seven  feet  from  the  ground.  This  room 
was  tweiiiy-five  feet  by  sixteen. 

That  the  Peruvians  had  tcclls  in  the  remotest  times  has  already  been  no- 
ticed ;  and  when  the  Spaniards  invaded  their  country,  great  cjuantities 
of  treasures  were  thrown  into  them.  The  discovery  of  tliese  wells 
may  yet  bring  to  view  numerous  specimens  of  their  works  in  the 
metals.  We  have  not  met  with  any  intimation  of  their  manner  of  ramng 
water,  whether  hy  a  simple  cord  and  vessel,  by  means  of  a  pulley,  or 
a  windlass,  or  any  other  machine.  'Tis  true  that  Garcilasso,  when  describ- 
uig  the  various  pendants  which  t^iey  wore  in  their  ears,  mentions  vinos 
as  large  "  as  the  frame  of  a  pulley,  for  they  were  made  in  the  lonn  of 
those  with  which  toe  draiv  up  jnichcrsfrom  a  well.,  and  of  that  com])asft,  fhnt 
in  case  it  were  beaten  straiglit,  it  would  be  a  quarter  of  a  yard  long  aud 
a  linger  in  thickness,"  but  in  this  passage  we  understand  him  to  refer  to 
the  Spanish  method  of  drawing  water ;  and  this  is  probable,  for  in  anoth- 
er part  of  his  work,  when  speaking  of  the  large  stones  used  in  the  public 
nuildings  at  Cusco,  he  says  the  workmen  had  neither  cranes  nor  'puUeijt, 
Still  it  is  possible  that  he  referred  to  the  mode  his  countrymen  employed. 

There  are  conclusive  proofs  however,  in  some  extracts  that  are  too  in- 
teresting to  be  omitted,  that  the  ancient  Peruvians  were  well  acquainted 
with  the  management  and  distribution  of  water  through  pipes  ;  and  of 
raaking  and  laying  the  latter ;  and  what  is  singular,  both  the  sources  of 
«he  water  and  the  direction  of  the  tubes  under  ground  were  kept  secret, 
aa  was  the  custom  with  some  people  of  Asia.  "  In  many  of  the  houses 
(of  the  mcas)  were  great  cisterns  of  gold,  in  which  they  bathed  themselves 
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with  COCKS  and  pipes  of  th^e  satne  metal,  for  conveyance  of  the  water." 
Some  interesting  particulars  are  also  given  by  Garcilasso  respecting  tlio 
supply  of  Cusco  with  water.  Speaking  of  a  certain  street,  he  says,  "  near 
tliv:reunto  are  two  pipes  of  excellent  water,  which  pass  under  ground,  but 
by  whom  they  were  laid  and  brought  thither,  is  unknown,  for  want  of 
writings  or  records  to  transmit  the  memory  of  them  to  posterity.  ThAse 
pipes  of  water  are  called  silver  sfiakesy  because  the  whiteness  of  the  wa- 
ter resembled  silver ;  and  the  windings  or  the  meanders  of  the  pipes  were 
like  the  coils  and  turnings  of  serpents."  In  the  fortress  of  Cusco  was  "a 
fountain  of  excellent  water,  which  was  brought  at  a  far  distance  under 
ground,  but  where  and  from  whence  the  Indians  do  not  know  ;  for  such 
secrets  as  these  were  always  reserved  from  common  knowledge  in  the 
breasts  of  the  inca  and  of  his  counsel."  The  iake  Chinchiru  near  Cusco, 
contained  good  water,  and  "by  the  muiiiticence  of  the  inca  was  fur- 
nished with  several  pipes  and  aqueducts,"  to  convey  water  into  lower 
grounds,  which  were  used  till  rendered  useless  by  neglect  of  the  Span- 
iards. **  Afterwards,  in  the  year  1555  and  5Q,  they  were  repaired  by  my 
lord  and  father  Garcilasso  de  la  Vega,  he  being  the  mayor  of  that  city,  and 
in  that  condition  I  left  them." 

In  describing  the  temple  and  gardens  at  Cusco,  he  observes,  "  there 
were  five  fountains  of  water,  which  ran  from  divers  places  through  pipes 
of  gold.  The  cisterns  were  some  of  stone,  and  others  of  gold  and  silver, 
in  which  they  washed  their  sacrifices,  as  the  solemnity  of  the  festival  ap- 
pointed. In  my  time  there  was  but  one  of  these  fountains  remaining, 
which  served  the  garden  of  a  convent  with  water  ;  the  others  were  lust, 
eitlier  for  want  of  drawing  or  cleansing,  and  tliis  is  very  probable,  be- 
cause, to  my  knowledge,  that  which  belonged  to  the  convent  was  loit  for 
six  or  seven  months,  for  want  of  which  water  the  whole  garden  was  dried 
up  and  withered,  to  the  great  lamentation  of  the  convent  and  the  whole 
city ;  nor  could  any  Indian  understand  how  that  water  came  to  fail,  or  to 
what  place  it  took  its  course.  At  length  they  came  to  find  that  on  the 
west  side  of  the  convent  the  water  took  its  course  under  ground,  and 
fell  into  the  brook  which  passes  through  the  city;  which  in  the  times  of 
the  incas  had  its  banks  kept  up  with  stones,  and  the  bottom  well  paved, 
that  tlie  earth  might  not  fall  in ;  the  which  work  was  continued  through 
the  whole  city,  and  for  a  quarter  of  a  league  without;  which  now  by  the 
carelessness  and  sloth  of  the  Spaniards  is  broken,  and  the  pavement  dis- 
placed ;  for  though  the  spring  commonly  yields  not  water  very  plentiful- 
ly, yet  sometimes  it  rises  on  a  sudden  and  makes  such  an  incredible  inun- 
dation that  tlie  force  of  the  current  hath  disordered  the  channel  and  the 
bottoms." 

"  In  the  year  155S  there  happened  a  great  eruption  of  water  Prom  this 
fountain,  which  broke  the  main  pipe  and  the  channel,  so  that  the  fury  of 
the  torrent  took  another  course  and  left  the  garden  dry ;  and  now  by  that 
abundance  of  rubbish  and  sullage  which  comes  from  the  city,  the  channel 
is  filled  up,  and  not  so  much  as  any  mark  or  signal  thereof  remains.  The 
friars,  though  at  length  they  used  all  the  diligence  imaginable,  yet  they 
could  not  find  the  ancient  channel,  and  to  trace  it  from  the  fountain  head 
by  way  of  the  pipes,  it  was  an  immense  work,  for  they  were  to  dig 
through  houses  and  deep  conveyances  under  ground,  to  come  at  it,  for  the 
head  of  the  spring  was  high.  Nor  could  any  Indian  be  found  that  could 
give  any  direction  herein,  which  discouraged  them  in  their  work,  and  in 
the  recovery  of  the  others  which  anciently  belonged  to  tlie  temple 
Hence  we  may  observe  the  igTiorance  and  inadvertisement  of  those  In- 
dians, and  how  little  the  benefit  of  tradition  availed  amongst  them;   foi 
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though  it  be  only  forty-two  years  at  this  day  since  those  Maters  forsook 
their  course  ;  yet  neither  the  loss  of  so  necessary  a  provision  as  water, 
which  was  the  refreshment  of  their  lives,  nor  of  that  stream  which  sup 
plied  the  temple  of  the  sun,  their  god,  could  by  nature  or  religion  con 
serve  in  them  the  memory  of  so  remarkable  a  particular.  The  truth  is. 
that  it  is  probable  that  the  undertakers  or  master-workmen  of  those  watei 
works  did  communicate  or  make  known  to  the  priests  OTdy,  the  secret  con- 
veyances of  those  waters ;  esteeming  every  thing  which  belonged  to  the 
honor  and  service  of  the  temple  to  be  sacred,  that  it  was  not  to  be  re- 
vealed to  common  ears,  and  for  this  reason  perhaps  the  knowledge  of  those 
waters  might  dye  and  end  with  the  order  of  priests." 

"  At  the  end  of  six  oi-  seven  months  after  it  was  lost,  it  happened  that 
some  Indian  boys  playing  about  the  stream,  discovered  an  eruption  of  wa- 
ter from  the  broken  pipe ;  of  which  they  acquainting  one  the  other,  at 
length  it  came  to  the  knowledge  of  the  Spaniards,  who,  judging  it  to  be 
the  water  of  the  convent  that  had  been  lost  and  diverted  from  its  former 
course,  gave  information  thereof  unto  the  friars,  who  joyfully  received 
the  good  news,  and  immediately  labored  to  bring  it  again  into  direct 
conveyance,  and  conduct  it  to  their  garden.  The  truth  is,  the  pipes  lying 
vert/  deep  were  buried  with  earth,  so  that  it  cost  much  labor  and  pains  to 
to  reduce  it  to  its  right  channel ;  and  yet  they  were  not  so  curious  or  in- 
dustrious as  to  ^race  the  fountain  to  the  spring  head.  That  garden  wlilch 
now  supplies  the  convent  with  herbs  and  plants,  was  the  garden  which  in 
the  times  of  the  incas  belonged  to  their  palace,  called  the  garden  of  gold 
and  silver  ;  because,  that  in  it  were  herbs  and  flowers  of  all  sorts,  lower 
plants  and  shrubs,  and  taller  trees,  made  all  of  gold  and  silver  ;  together 
with  all  sorts  of  wild  beasts  and  tame,  which  were  accounted  rare  and 
unusual.  There  were  also  strange  insects,  and  creeping  things,  as  snakes, 
serpents,  lizards,  camelions,  butterflies,  and  snails;  also  all  sorts o£ straiige 
birdSf  and  every  thing  disposed,  and  in  its  proper  place  with  great  care, 
and  imitated  with  much  curiosity,  like  the  nature  and  original  of  that  it 
represented.  There  was  also  a  mayzall,  which  bears  the  Indian  wheat  of 
an  extraordinary  bigness,  the  seed  whereof  they  call  quinia.  Likewise 
plants  which  produce  lesser  seeds,  and  trees  bearing  their  several  sorts  o( 
fruit,  all  made  of  gold  and  silver,  and  excellently  representing  them  in 
their  natural  shapes.  In  the  palace  also,  they  had  heaps  or  piles  of  billets 
Kxxdjaggots  made  of  gold  and  silver,  rarely  well  counterfeited*  And  fni 
the  greater  adornment  and  majesty  of  the  temple  of  their  god  the  sun, 
they  had  cast  vast  flgures  in  the  forms  of  vien  and  tooinen  and  children, 
which  they  laid  up  in  magazines  or  large  chambers,  called  pirra ;  and 
every  year,  at  the  principal  feasts,  the  people  presented  great  quantities 
of  gold  and  silver,  which  were  all  employed  in  the  adornment  of  the  tem- 
ple. And  those  goldsmiths  whose  art  and  labor  was  dedicated  to  the  sun, 
attended  to  nx)  other  work,  than  daily  to  make  neio  inventions  of  rare  work- 
manship out  of  those  metals.  In  short  they  made  all  sorts  of  vessels  or 
utensils  belonging  to  the  temple,  of  gold  and  silver,  such  as  pots,  and  pans, 
and  pails,  and  Jire  shovels,  and  tongs,  and  every  thing  else  of  use  and  ser- 
irice,  even  their  very  spades  and  rakes  of  the  garden  were  made  of  the 
Uke  metal."* 

The  author  of  *  Italy,  with  sketches  of  Spain  and  Portugal,*  Phil. 
1834,  enumerating  some  of  the   curiosities  in  the  museum  of  Madrid,  re- 

*Tho  mission  of  Messrs.  James,  Bowdich  und  Hiitchinscn,  sent  by  the  British  go 
reranient  to  Ashantee,  found  the  king  and  ail  iiis  attendants  literally  oppressed  with  em 
bellishments  of  solid  gold,  with  whicii  t!i*iir  persons  werj  nearly  covered.  Gven  the 
moH  common  nUnsUs  were  composed  of  that  metal.' 
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marks :  •'  what  pleased  me  most,  was  a  collection  of  Peruvian  vases ;  a 
polished  stone  which  served  the  incas  for  a  mirror;  and  a  linen  mantle, 
which  formerly  adorned  their  copper  colored  shoulders,  as  finely  woven 
as  a  shawl,  and  flowered  in  very  nearly  a  similar  manner ;  the  colors  as 
fresh  and  vivid  as  if  new."     Vol.  ii,  211. 

It  is  difficult  after  perusing  the  history  of  this  interesting  people,  to  re- 
concile the  state  of  the  arts  among  them  at  the  Spanish  invasion,  with  the 
opinion,  that  Manco  Capac  arrived  from  Asia  at  so  late  a  period  as  the 
12th  century.  If  he  was  the  enterprising  and  intelligent  man  that  he  is 
represented  to  have  been,  and  there  is  every  reason  to  believe  he  was,  it 
is  impossible  that  as  an  Asiatic,  he  could  have  been  ignorant  of  the  saw, 
the  auger,  files,  of  fitting  wooden  handles  to  hammers,  of  nails,  scissors, 
the  crane,  windlass,  pulley,  the  arch,  iron,  &c  :  or  having  a  knowledge  of 
these  things,  that  he  should  not  have  introduced  them,  or  at  least  some  of 
them.  But  if  the  Peruvians  were  also  ignorant  of  the  swape,  noria 
or  chain  of  pots,  the  objections  to  such  an  opinion  are  greatly  strengthen- 
ed. From  what  part  of  the  eastern  world  could  such  a  man  have  come 
without  having  a  knowledge  of  these  machines,  and  yet  be  acquainted,  as 
he  was,  with  all  the  essential  features  of  oriental  agriculture  ]  Machines 
too,  of  the  utmost  importance  in  Peru,  where  rain  was  generally  unknown, 
and  water  scarce  and  valuable  as  in  Egypt  itself — and  machines  more 
necessary  than  any  other,  in  furthering  the  objects  he  had  in  view 
While  a  doubt  remains  respecting  their  employment,  we  should  sup 
pose  that  he  really  was,  as  surmised  by  Garcilasso,  a  native,  who  by 
the  superiority  of  bis  understanding,  and  by  a  subtile  deportment  (the  more 
effectually  to  carry  out  his  measures)  persuaded  the  people  that  he  came 
from  the  sun.  Indeed,  the  state  of  the  useful  arts  generally  among  them 
in  the  15th  century,  implies  that  they  had  not  had  any  permanent  connec- 
tion with  Asiatics  for  many  ages ;  but  that  they  were  gradually  recovering 
a  knowledge  of  the  arts,  which  in  very  remote  times  had  been  practised 
by  nations  then  extinct ;  and  hence  the  paucity  of  their  tools  and  the 
'peculiarity  of  some  of  their  devices,  as  their  quippus  or  historical  cords, 
their  modes  of  computation,  &c.  Moreover,  neither  the  Mexicans  nor 
Peruvians  had  reduced  the  lower  animals  to  subjection,  at  any  rate  not 
for  agricultural  purposes ;  and  though  they  had  neither  the  horse,  the  ass, 
nor  ox  ;  yet  the  former  had  the  buffalo,  an  animal  that  has  been  used 
from  the  remotest  ages  to  plough  the  soil.  This  circumstance  alone  is 
sufficient  to  show  that  they  did  not  derive  their  knowledge  of  agriculture 
from  Asia,  within  the  time  generally  supposed,  if  at  all. 

Who  can  reflect  on  the  civilized  people,  that  in  remote  ages  inhabited 
these  continents,  without  mourning  over  their  extinction,  and  the  loss  of 
every  record  respecting  them  1  A  people,  whose  very  existence  would 
have  been  unknown,  had  not  some  relics  of  their  labors  (like  the  organic 
remains  of  animals  whose  species  are  extinct)  yet  resisted  the  corroding 
effects  of  time.  When  wo  examine  the  ruins  of  their  temples,  their  cities, 
and  other  monuments  of  their  progress  in  the  arts,  our  disappointment 
amounts  to  distress,  that  the  veil  which  conceals  them,  is  not,  and  perhaps 
cannot  be  removed.  Strange  as  it  may  appear,  we  are  almost  as  ignorant 
of  the  mysterious  Palenque,  and  hundreds  of  other  cities,  equally  and 
aome  of  them  perhaps  much  more  ancient — as  of  the  builders  of  Babel— 
and  we  know  about  as  little  of  their  early  inhabitants  as  if  tl.ey  had  been 
located  on  another  planet. 

END  OF  THE  FIRST  BOOK. 


BOOK    II. 


MACHINES   FOR  RAISING   WATER   BY  THE    PRESSURE   OF  THE 

ATMOSPHERE. 


CHAPTER    I. 

on  mackiiies  that  raise  water  by  atmospkeric  prenure— Principle  of  their  action  formerly  unknown—* 
Sactwoi  a  chimera — Aaceni  of  water  in  pumpn  incomprehentible  without  a  knowledge  of  atmospheric 
pre«»are — ^Phenomena  in  the  organization,  Labiu,  and  motions  of  animals— Rotation  of  the  atmoiphere 
with  the  eartk— Air  tangible— Compressible— Expansible— Elastic — ^Air  beds — ^Ancieut  beds  and  bed* 
steads— Weight  of  air— Its  pressure — Examples — ^American  Indians  and  the  air  pump— Boa  Constrictor 
—Swallowing  oysters— Shooting  bullets  by  the  rarefaction  of  air^>Boy's  sucker — Suspension  of  flieti 
against  gravity — Lizards — ^Frogs— -Walrus — Connection  between  all  departments  of  knowledge — Suck 
lug  fish — Remora— Lampreys — Dampier — Christopher  Columbus  at  St  Domingo— Ferdinand  Columbus 
—Ancient  fable— Sudden  expansion  of  air  bursting  tho  bladders  of  fish — ^Pressure  of  the  atmosphere  on 
liquids. 

TViTH  the  last  chapter  we  concluded  our  remarks  on  machines  em* 
braced  in  the  first  general  division  of  the  subject,  (see  page  8)  and  now 
proceed  to  those  of  the  second  ;  viz.  such  as  raise  water  by  means  of  the 
weight  or  pressure  of  the  atmosphere.  These  form  a  very  interesting 
class— they  are  genuine  philosophical  instruments,  and  as  such  may  serve 
to  exhibit  and  illustrate  some  of  the  most  important  truths  of  natural  phi 
losophy.  The  principle  upon  which  their  action  depends  was  formerly  un- 
known, and  even  now,  a  person,  however  ingenious,  while  ignorant  of  the 
nature  and  properties  of  the  atmosphere,  would  be  uUerly  unable  to  ac- 
count for  the  ascent  of  water  in  them.  Having  no  idea  of  the  cause  of 
this  ascent,  except  the  vague  one  of  auction,  he  would  feel  greatly  embar- 
rassed if  required  to  explain  it.  And  when  informed  that  there  really  is 
no  such  thing  in  nature  as  suction,  but  that  it  is  a  mere  chimera,  having  no 
existence  except  in  the  imagination,  the  task  would  be  attended  with  in- 
superable difficulties.  Perhaps  he  would  have  recourse  to  a  common 
pump,  to  trace,  if  possible,  the  operation  in  detail ;  if  so,  he  would  natural- 
ly begin  with  the  first  mover,  or  the  pump  handle,  and  would  look  for 
some  medium,  by  which  motion  is  transmitted  from  it,  to  the  water  in  the 
well ;  but,  however  close  the  scrutiny  might  be  made,  he  would  be  una- 
ble to  detect  any ;  and  as  a  matter  of  course,  while  a  connection  between 
them,  i.  e.  between  the  mover  and  the  object  moved,  could  not  be  disco v- 
ered,  it  would  be  impossible  for  him  satisfactorily  to  account  for  the  phe- 
nomenon. If  **  a  body  cannot  act  where  it  is  not  present,"  as  the  sucker 
of  a  pump,  on  water  at  a  distance  from  it,  how  could  such  a  person  ac- 
count for  the  ascent  of  that  water  in  obedience  to  the  movements  of  the 
•»»ckert     And  how  could  he  explain  the  process  hy  which  it  was  effected. 
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while  he  could  find  no  apparent  communication  between  them  1  The  fact  is 
it  would  be  difficult  for  him  to  point  out  any  closer  connection  between 
the  pump  rod  and  the  water  in  the  well,  than  between  a  walking  cane  in 
the  hands  of  a  pedestrian,  and  water  under  the  surface  of  the  ground 
over  which  he  stepped  ;  nor  could  he  assign  a  conclusive  reason,  why  the 
liquid  should  not  ascend  and  accompany  the  movements  of  the  latter  as 
weU  as  of  the  former. 

He  could  perceive  no  obvious  or  adequate  cause  for  the  elevation  of 
water  through  the  pipe  of  a  pump,  there  being  no  apparent  force  applied 
to  it,  or  in  the  direction  of  its  ascent,  no  vessel  or  moveable  pallet  going 
down,  as  IE  the  preceding  machines,  to  convey  or  urge  the  liquid  up— and 
hence  he  could  no  more  comprehend  how  the  movements  of  a  pump  box 
(sucker)  above  the  surface  of  the  ground,  should  induce  water  in  a  well 
to  rus/i  up  towards  it,  than  he  could  explain  how  the  waving  of  a  magi- 
cian's wand  should  cause  spirits  to  appear. 

Long  familiarity  with  the  atmospheric  pump,  makes  it  hard  for  us,  at  the 
present  day,  to  realize  the  difficulties  formerly  experienced  in  accounting 
for  the  ascent  of  water  in  it.  Suppose  the  cause  yet  unknown  and  un- 
ihought  of — it  certainly  would  puzzle  us  to  explain  how  a  piece  of  leath- 
er (the  sucker)  moving  up  and  down  in  a  vertical  tube,  whose  lower  ori- 
fice is  in  water,  some  twenty- five  or  thirty  feet  below  it,  should  conjure 
that  water  up.  '  Such  a  result  is  opposed  to  all  experience  and  obser\'a 
tion  in  other  departments  of  the  arts ;  nor  is  there  any  thing  like  it,  in  the 
machines  we  have  examined  in  the  preceding  book.  The  mechanism  by 
which  motion  is  transmitted  from  them  to  the  water,  is  obvious  to  the 
senses — a  tangible  medium  of  communication  is  established  between  the 
force  that  works  them  and  the  water  they  raise ;  whereas  in  the  pump,  an 
invisible  agent  is  excited,  whose  effects  are  as  surprising  as  its  mode  of 
operation  is  obscure.  *Tis  true,  a  tube  (the  pump  pipe)  is  continued  from 
the  place  where  the  sucker  moves  to  the  water,  but  it  remains  at  rest,  or 
:8  immoveable,  and  therefore  cannot  transmit  motion  from  one  to  the  other; 
It  IS  merely  a  channel  through  which  the  water  may  rise — it  does  not 
raise  it. 

Bat  jf,  m  order  to  establish  a  connection  between  the  sucker  and  water, 
the  former  were  made  to  descend  through  the  pump  into  the  latter,  still 
the  difficulty  would  not  be  overcome.  The  sucker  in  that  case  would  act 
much  like  one  of  those  buckets,  used  in  some  wells,  which  has  an  opening 
in  its  bottom  to  admit  the  water,  and  covered  by  a  flap  to  prevent  its 
return.  (The  sucker  is  in  fact,  merely  a  small  bucket  of  this  kind,  and  is 
so  named  in  some  countries.)  In  both  cases  the  water  would  be  raised 
which  entered  through  the  valves — the  bucket  would  bring  up  all  it  con- 
tained, and  the  sucker  all  that  passed  through  it  into  the  pump;  so  far  the 
operation  of  both  is  clear,  and  as  regards  the  raising  of  the  water  above 
the  valves,  would  be  the  same  ;  but  it  is  the  ascent  of  a  column  '  f  water 
behind  the  sucker  that  requires  explanation — a  liquid  column  that  follows 
it  as  closely  through  ever^  turn  of  the  tube,  as  if  it  were  a  rope,  having 
its  fibres  at  one  end  fastened  to  the  sucker  and  pulled  up  by  it.  What 

is  it  that  makes  this  water  ascend  against  a  law  of  its  nature — against 
gravity  ?  Were  the  cohesion  of  its  particles  such  that  it  could  be  raised 
by  a  force  applied  only  to  its  upper  end,  then  indeed  the  difficulty  would  be 
diminished ;  but  in  that  case,  it  would  follow  that  a  similar  column  would 
ascend  after  a  bucket  when  drawn  out  of  at*  «pen  well ;  and  further,  that 
a  traveler  might  then  make  use  of  a  liquid  walking  stick,  to  aAsist  hin  ic 
hig  journeying. 

Raffled  tiius  in  our  attempts  to  find  a  roltjtlon  here,  we  perhaps  v">  ilo 
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begin  to  think,  that  when  a  liquid  is  raised  in  the  pipe  of  a  pump,  it  must 
be  b^  some  force  acting  below,  or  behind  it,  a  force  a  tergo,  as  it  is  named, 
and  of  which  all  the  preceding  machines  are  examples.  Thu?  when  a 
Ducker  of  water  is  raised  from  a  well,  the  force  is  applied  oehind  it, 
i.e.  to  the  bottom  of  the  bucket,  through  the  cord,  bale,  and  sides,  to  which 
it  is  attached.  It  is  the  same  in  the  screw,  the  force  continually  elevating 
a  portion  of  it  immediately  behind,  the  water ;  and  in  the  tympanum,  no- 
ria,  chain  of  pots,  chain  pump,  &c.  it  is  the  same ;  the  vessels  or  pallet! 
go  below,  i.  e.  behind  the  liquid  and  urge  it  up  before  them.  It  is  the  same 
in  all  ordinary  motions.  I  wish  to  examine  a  small  object  laying  at  the 
foot  of  my  garden :  now  I  cannot  by  moving  this  ruler  in  its  direction,  in 
the  manner  of  a  pump  rod,  induce  it  to  move  to  me,  nor  can  it  ever  be  so 
moved,  until  the  force  of  some  other  body  in  motion  behind  it  impel  it  to- 
wards me.  It  is  the  same  in  the  case  of  a  stubborn  boy,  who  not  only  re- 
fuses to  move  as  directed,  but  opposes  the  natural  inertia  of  his  body  to 
Jie  change,  and  therefore  can  only  be  impelled  forward  by  some  force  ap- 
plied directly  or  indirectly  behind  him,  by  dragging  or  pushing  him  along. 
in  this  way,  all  the  motions  in  the  universe,  according  to  some  philoso- 
phers, are  imparted  or  transferred ;  those  which  appear  exceptions  being 
considered  modifications  of  it.  Still  however,  the  difficulty  of  establishing 
a  connection  between  the  movements  of  the  sucker  in  the  interior  of  the 
pump  at  one  end,  and  this  force,  whatever  it  might  be,  acting  on  the  wa- 
ter, otUjdde  of  ity  at  the  opposite  end,  would  remain ;  and  we  should  prob- 
ably at  last  impute  this  ascent  of  water  (with  the  ancients)  to  some  inde- 
iinable  energy  of  nature,  both  fallacious  and  absurd ;  nor  would  this  be 
surprising,  for  in  the  absence  of  a  knowledge  of  the  atmosphere  and  of 
its  properties,  there  really  is  as  great  a  mystery  in  the  movements  of  a 
pump  rod  being  followed  by  the  ascent  of  the  liquid,  as  in  any  thing  ever 
attributed  to  the  divining  rod,  or  to  the  wand  of  Abaris. 

In  order  to  understand  the  operation  of  machines  belonging  to  this  part 
of  the  subject,  and  also  the  principle  upon  which  their  action  depends,  we 
must  ltAve,for  a  few  moments,  the  consideration  of  pumps  and  pipes,  and  all 
ihe  contrivances  of  man,  and  turn  our  attention  to  some  of  the  Creator's  works 
as  they  are  exhibited  in- nature.  This  may  perhaps  be  deemed  a  depar- 
ture from  the  subject ;  it  is  however  so  far  from  being  a  digression,  that  it 
is  essentially  necessary  to  ascertain  the  cause  of  water  ascending  in  this 
class  of  machines,  as  well  as  to  understand  the  philosophy  of  numerous 
natural  as  well  as  artificial  operations,  that  are  performed  by  apparatus 
analogous  to  them  ;  as  the  acts  of  inspiration  and  respiration,  quadrupeds 
drinking,  the  young  of  animals  sucking  their  dams,  children  drawing  nour- 
ishment from  their  mothers'  breasts :  bleeding  by  cupping,  by  leeches, 
or  by  the  more  delicate  apparatus  of  a  musketoe's  proboscis ;  and  if 
things  ignoble  may  be  named,  the  taking  of  snuff,  smoking  of  cigars  and 
pipes  of  tobacco,  and  also  the  experiments  of  those  peripatetic  philosophers, 
who  perambulate  our  wharves,  and  imbibe  nectar  through  straws  from 
hogsheads  of  rum  and  molasses. 

Every  person  is  aware,  that  the  earth  on  which  we  live  is  of  a  globular 
or  spheroidal  figure,  and  that  it  is  enveloped  in  an  invisible  ocean  of  air  or 
gas,  which  extends  for  a  great  number  of  miles  from  every  part  of  its  sur- 
face. This  hollow  sphere  of  air  is  named  the  atmosphere,  and  is  one  of 
the  most  essential  parts  in  the  economy  of  nature.  It  is  the  source  as 
well  as  the  theatre  of  those  sublime  meteorological  phenomena  which  we 
constantly  behold  and  admire.  It  is  necessary  to  animal  and  to  vegeiable 
life.  Its  material  is  the  *  breath  of  life*  to  all  things  living.  It  is  more 
over  the  peculiar  element  of  land  animals,  the  scene  of  their  actioni*,  the 
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Slid  ocean  in  which  they  only  can  move,  and  within  which  they  are  al- 
"w^ays  immersed.  It  is  to  them,  what  the  sea  is  to  fish  :  remove  them  from 
it,  and  they  necessarily  die.  In  some  respects  nature  has  been  more  fa- 
vorable to  fishes  than  to  us :  most  of  them  can  ascend  to  the  surface  of 
the  fluid  in  which  they  live,  but  we  can  only  exist  in  the  lowest  depths  of 
the  atmospheric  ocean  that  confines  us :  if  we  ascend  but  a  little,  our 
energies  beg^n  to  fail,  and  we  are  compelled  to  descend  to  the  bottom,  the 
place  she  designed  us  to  occupy. 

Possibly,  some  people  may  suppose  that  the  velocity  with  which  the 
earth  shoots  forward  in  her  orbit,  might  sometimes  cause  this  atmosphere 
(which  hangs  as  a  mantle  so  loosely  about  her)  to  be  left  floating,  like  the 
tail  of  a  comet,  behind ;  or  be  entirely  separated  from  her,  like  the  cloud  of 
c^apor  which  the  impetuous  ball  leaves  at  the  cannon's  mouth.  Such  how- 
ever is  not  the  fact ;  on  the  contrary,  it  revolves  uniformly  with  the  earth 
on  the  axis  of  the  latter,  and  accompanies  her,  as  a  part  of  herself,  round 
the  sun.  Were  it  indeed  separated  from  her,  but  for  a  moment,  either  by 
an  increase  or  diminution  of  her  velocity,  the  present  organization  of  na- 
ture would  be  destroyed  ;  every  mountain  would  be  hurled  from  its  base ; 
every  house  on  the  globe  would  be  leveled  ;  and  no  human  being  could 
survive.  Had  the  atmosphere  not  a  rotatory  motion  also,  in  common 
with  that  of  the  earth,  i.  e.  of  the  same  velocity  and  in  the  same  direction, 
a  very  different  state  of  things,  ejs  regards  the  arts,  would  have  subsisted 
than  those  which  we  behold.  For  example,  aerial  navigation  would  cer- 
tainly have  superseded  nearly  all  traveling  by  land  and  water;  and  rail- 
roads, and  locomotive  carriages,  and  steamboats,  would  hardly  have  been 
known  ;  for  the  project  of  that  individual  who  proposed  to  visit  distant 
countries,  by  merely  ascending  in  a  balloon,  till  the  rotation  of  the  earth 
on  its  axis  brought  them  under  him,  when  he  intended  to  descend,  would 
have  I'een  no  visionary  scheme. 

Thd  air  is  tangibh, — Although  the  substance  of  the  atmosphere  is  not 
visible  it  is  tangible  ;  vie  feel  it  when  in  motion  as  v>ind^  whether  it  be 
gently  disturbed  as  in  the  evening  breeze,  or  by  the  slight  waving  of  a 
lady's  fan;  or  when  greatly  excited,  as  in  the  hurricane,  or  the  violent  blast 
from  a  bellows'  mouth.  We  also  see  its  effects  when  thus  in  motion,  i.i 
the  direction  of  smoke,  extinction  of  our  tapers,  slamming  of  doors,  in  ihn 
beautiful  waving  of  grass,  and  of  the  full  eared  grain  of  the  fields ;  trees 
yielding  to  its  impulse,  buildings  unroofed,  and  sometimes  in  the  prostra- 
tion of  large  tracts  of  forests;  in  windmills,  sailing  of  ships,  and  the  con- 
vulsions into  which  it  throws  the  otherwise  placid  ocean. 

Air  is  cmnpressiblc, — Indeed  compressibility  and  expansibility  are  pro- 
perties of  all  bodies ;  by  the  abstraction  of  heat,  airs  are  compressed  into 
liquids,  and  liquids  into  solids,  while  an  increase  of  temperature  expands 
solids  into  lifjuids,  and  these  into  airs.  In  the  common  air  gun,  four  or  five 
gallons  of  the  dense  air  around  us  are  compressed  into  a  pint,  and  by 
further  pressure  they  may  be  squeezed  into  a  few  drops  of  licjuid,  which 
a  tea  spoon  might  contain. 

Its  eocpansihiliti/  or  dilatahilily  is,  so  far  as  known,  illimitable ;  the  space 
it  occupies  being  always  in  proportion  to  the  pressure  that  confines  it,  It 
a  collapsed  and  apparently  empty  bladder  be  placed  under  a  receiver, 
and  the  air  around  its  exterior  be  removed,  the  small  portion  within  will 
expand  and  swell  it  out  to  its  natural  shape.  If  it  were  possible  to  with- 
draw the  whole  of  the  air  from  this  room,  and  a  globule  no  larger  than  a  pea 
were  then  admitted,  it  would  instantly  dilate  and  fill  the  room.  The  upper 
strata  of  the  atmosphere  decrease  in  density  as  they  recede  from  the 
earth's  surface,  on  account  of  the  diminution  of  the  pressure  fix)/n  «»'ijH.»r 
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incamlN^nt  slrate,  and  thus  at  a  certain  hci°:ht  this  small  [,'1obii)e  nf  air 
would  occupy  a  ajmce  equal  to  the  earth  itself!  And  at  the  height  ol'  Tour 
or  five  handred  miles,  it  lias  been  calculated,  that  leas  than  a  teacup  full 
of  th.,  iiir  we  breathe,  would  fill  a  sphere  eijual  in  diameter  to  the  very 
orkU  or  Satum  \  The  efficiency  nf  the  air  pump  in  producing  a  vacuuiri 
de{>cnds  entirely  on  this  property. 

Air  at  the  fool  of  a  mountain,  whose  elevation  ia  between  three  and 
fo>ir  miles,  occupies  twice  the  space  when  carried  to  the  top.  A  quart  of 
it  taken  from  the  summit  would  be  reduced  to  a  pint  if  conveyed  to  the 
bottom.  From  this  expansive  power  of  air  arises  its  cUuticiti/.  This  is 
familiar  to  most  people ;  for  when  confined  in  flexible  vessels,  as  air  beds, 
pillows,  life  preservers,  &c.  as  soon  as  any  weight  or  pressure  imping- 
ing upon  them  is  removed,  the  elaaticity  of  the  confined  fluid  pushes  up 
the  depressed  part  as  before.  If  air  within  a  bladder  were  not  elastic,  the 
impressions  made  by  ihe  fingers  in  handling  it  would  remain  as  in  a  ball 
of  paste,  and  air  beds  would  retain  the  form  of  bodies  that  reposed  upon 
them,  like  a  founder's  mould  of  sand  or  plaster.*     Those  extremely  light 

■  Air  beds  are  not,  u  wme  pemnna  suppose,  of  mod^m  origin.  Ther  were  known 
between  lliree  and  four  hundred  yeiirii  ago,  at  appeara  from  the  annexed  cut,  (No.  68.) 
copied  from  tonie  Sgure*  atuched  to  the  first  Gennan  tranalatiou  of  Vegelius,  A,  D. 
I5J1.  It  represents  Boldien  repoiLDg  on  IbeiD  in  lime  of  WIT,  with  the  mod*  of  inJIa 
liD{  Ifaein  by  iiellaw*. 


\*L 


No.  SB.    AiKkiDl  A<rB>il. 

Thie  application  of  airwu  probablj  known  lo  the  Romniw.  Heliogabalus  i;»ed  to 
aniiue  hiiiimir  with  the  gueels  he  im  iied  lo  his  banqiiau,  hv  (ealing  ihem  on  large  ban 
or  beds,  "  full  of  wind,"  which  being  made  suddenly  to  collapse,  Ihrai"  *Jie  gUKsia  on  toe 
graimd. 

Dr.  Arnott  lh«  aalhor  of  '  EiemcDIs  of  Physics,'  >  few  yean  >igo,  prnpored  •  Hydr;! 
(tatic  bed«,'  eniecially  for  invslids.  These  ai^  capacious  lags,  firmed  of  iudia-riibl>ei 
clolh.  andlilMwilh  teaUr  instead  of  fealhBis,  hrir.  Sial.  Upon  one  of  tlieie  asofl  and  thin 
maOFHii  V  IbhI.  .md  than  the  ordinary  coverinan.     \  pcrwn  floats  on  Uieoa  h  its  ti  on 
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balls  of  caoutchoucy  which  of  late  years  have  been  introducec.  as  parlor 
toys  for  children,  rebound  from  the  objects  they  strike  by  the  spring  of 
the  air  they  contain.  In  the  boy's  pop  gun,  that  is  formed  of  a  quill,  the 
ciny  pellet  is  sent  on  its  harmless  errand  by  the  elastic  energy  of  the  com- 
pressed fluid.  And  in  the  air  gun,  it  is  tlie  elasticity  of  the  same  fluid 
.that  projects  balls  with  the  force  of  gunpowder.  If  it  were  not  clastic, 
people  when  fanning  themselves  would  feel  it  thrown  against  their  per- 
sons like  water  or  sand.  The  act  of  inhaling  it  would  be  painful,  for  it 
would  enter  the  chest  by  gluts,  while  its  pulsations  in  sound  would  quickly 
destroy  the  membranes  of  the  ear. 

Perhaps  nothing  is  better  calculated  to  expand  our  ideas  of  the  proper- 
ties of  matter,  and  of  the  wonders  of  creation,  than  the  compressibility 
and  dilatability  of  air.  From  the  last  named  quality,  it  is  probable  that 
there  is  no  such  thing  in  nature  as  an  absolute  vacuum ;  and  the  best  of 
our  air  pumps  can  scarcely  be  said  to  make  even  a  rude  approximation 
to  one !  Those,  whose  knowledge  of  nature  is  conBned  to  impressions 
which  things  make  on  their  senses,  may  suppose  that  the  extremes  of  so- 
lidity may  be  found  in  a  pig  of  lead  and  a  bale  of  spunge;  although  the 
former  is,  in  all  probability,  as  full  of  interstices  as  the  latter ;  and  such 
persons  could  with  difficulty  be  made  to  believe,  that  the  entire  mass  of 
matter  (air)  which ^/7*  a  space  so  immeasurably  large  as  to  baffle  all  cal- 
culation could  be  compressed  into  a  lady's  thimble,  and  even  squeezed  in- 
to a  liquid  drop,  so  minute,  as  scarcely  to  be  perceived  at  the  end  of  a 
needle. 

Like  all  other  matter  with  which  we  are  acquainted,  air  has  weighL 
This  property  is  not  naturally  evident  to  our  senses,  but  it  niay  easily  be 
rendered  so.  By  accurately  weighing  a  bladder  when  filled  with  air  and 
afterwards  when  empty,  it  will  be  found  heavier  when  full.  This  was 
an  experiment  of  the  ancients,  but  the  moderns  have  ascertained  its  de- 
finite weight.  A  cubic  foot  of  it,  near  the  earth's  surface^  weighs  about 
IJ  ounces  or  g-j{-^  part  that  of  water,  a  cubic  foot  of  the  latter  weighing 
1000  ounces  ;  hence  the  expression  "  water  is  800  times  heaver  than  air." 
The  aggregate  weight  of  the  atmosphere  has  been  calculated  at  up- 
wards of  77  billions  of  tons,  being  equivalent  to  a  solid  globe  of  lead  60 
miles  in  diameter  ;  hence  its  pressurCf  for  this  enormous  weight  reposes 
mcessantly  upon  the  earth's  surface,  and  upon  every  object,  animate  or 
inanimate,  solid,  liquid,  or  aeriform.  The  pressure  it  thus  exerts,  (in  all 
places  that  are  not  greatly  elevated  above  the  level  of  the  sea)  is  equal  to 
to  about  15  lbs.  on  every  superficial  square  inch.  Thus  an  ordinary  sized 
person  exposes  so  large  a  surface  to  its  influence,  that  the  aggregate 

water  alone,  for  the  liquid  in  the  bag  adapts  itself  to  the  uneven  mirface  of  the  body,  ain; 
aupporti)  every  part  reposing  upon  it,  witli  a  iinironn  pressure.  Water  beds  were  how 
<%ver  known  to  the  ancients,  for  Phitarch  (in  his  life  or  Alexander)  states  that  the  people 
in  the  province  of  Babylon  slept  during  the  hot  months,  "  on  skins  filled  with  water.'* 
The  hixnry  of  tlie  ancients  with  regard  to  beds  was  carried  to  a  surprising  ex 
tent.  They  were  of  down,  of  the  wool  of  Miletus,  and  sometimes  stuffed  with  pea 
rock's  feat'iers.  The  Romans  had  linen  sheets,  white  as  snow,  and  quilts  of  needle 
work,  and  sometimes  of  cloth  of  gold.  Bedsteads  among  the  rich  Greeks  and  Romans 
were  sometimes  of  ivory,  of  ebony,  and  other  rich  woods,  with  inlaid  work,  and  figures 
in  relief.  Some  were  o^  massive  silver,  and  even  of  gold,  with  feet  of  onyx.  Tlicy 
had  them  also  of  iron.  One  of  that  material  was  found  in  Pompeii.  The  earliest  me 
tzdiic  bedstead  mentioned  in  history  is  that  of  Og,  king  of  Bashan.  The  Persians  bad 
slaves  expressly  for  bed  making,  and  the  art  became  famous  in  Rome.  Ooldem  beds 
of\en  formed  part  of  the  plunder  which  the  generals  exhibited  at  their  triumphs.  The 
Athenians  put  Timagoras  their  ambassador  to  Persia  to  death,  for  accepting  presents 
from  the  king,  amon,^  which  was  a  ^*  magnificent  bed  with  servants  to  make  ir."  Fit 
tarch  in  Ptlnpidas, 
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pressure  which  hU  l:ody  sustains  is  not  less  than  14  or  15  tons.  ''Net  lest 
than  what  ?"  once  exclaimed  an  elderly  and  corpulent  lady.  "  Why  how 
can  that  be  1  We  could  neither  talk,  nor  walk,  nor  even  move  ;  and  be 
sides,  sir,  if  that  is  the  case,  why  don't  we  feel  it  V*  ¥qt  a  very  simple 
reason^  though  at  the  first  view  not  a  very  obvious  one.  Air,  as  a  fluid 
presses  equally  in  every  directum — ^upwards  as  well  as  downwards — side- 
ways and  every  way.  Its  component  particles  are  so  inconceivably 
minute,  that  they  enter  all  substances,  even  liquids.  Air  is  mixed  up  and 
CftTculaies  with  the  blood  of  all  animals ;  it  penetrates  all  the  ramifications 
and  innermost  recesses  of  our  porous  bodies,  and  by  the  pressure  of  its 
superincumbent  strata  is  urged  through  them,  almost  as  freely  as  through 
the  fleece  of  wool  on  a  sheep's  back,  or  between  the  Bbres  and  threads 
of  a  ball  of  silk.  Now,  it  is  this  circulation  through  the  interior  of  our 
bodies  that  balances  its  pressure  without.  If  its  weight  upon  us  were  not 
thus  neutralized,  we  certainly  could  neither  talk  nor  walk  :  the  lips  of  the 
loudest  speaker,  when  once  closed,  could  never  be  opened.  We  should  be 
as  mute  and  immoveable  as  if  enclosed  in  statues  of  lead.  And  we  should 
Jed  it,  too— that  is,  for  a  moment ;  for  it  would  as  effectually  crush  us  to 
death,  as  if  we  were  placed  in  mortars,  and  pestles,  each  weighing  14  or 
15  tons,  were  suddenly  dropped  upon  us. 

It  is  the  air  within  the  breast  of  the  mother  that  forces  milk  into  an 
infant's  mouth,  when  the  latter,  by  instinct,  removes  the  external  pressure 
from  the  nipple  by  sucking.  It  is  the  same  with  all  mammiferous  animals. 
The  operation  of  cupping  is  another  illustration  of  the  same  thing :  the 
rarefaction  of  the  air  under  the  cup  produces  a  partial  vacuum  within  it ; 
and  as  the  external  pressure  of  the  atmosphere  is  removed  from  that  part 
which  is  under  it,  the  internal  pressure  urges  the  blood  through  the 
wounds.  Were  cupping  instruments  applied  over  the  eyes,  those  organs 
would  be  protruded  from  their  sockets. 

As  it  is  the  pressure  of  the  atmosphere  upon  which  the  action  of  the 
machines  about  to  be  described  principally  depends,  we  shall  extend  our 
remarks  upon  it. 

Suppose  a  specimen  of  delicate  fillagrane  work,  formed  of  the  finest 
threads  and  plates,  and  of  the  human  form  and  size,  were  sunk  in  water  to 
the  depth  of  34  or  35  feet ;  it  would  then  be  exposed  to  the  saTfte  degree 
of  pressure  to  which  our  bodies  are  subject  from  the  atmosphere ;  and 
when  drawn  up,  it  would  be  found  uninjured,  because  the  water  entering 
into  all  its  cavities,  pressed  just  as  much  against  its  interior  surfaces  as  the 
liquid  around  it  against  the  exterior.  But  if  it  were  enclosed  in  a  skin  or 
flexible  covering,  impervious  to  water,  and  then  sunk  us  before»  the  pres- 
sure of  the  liquid  around  its  exterior  (not  being  balanced  by  any  within) 
•vculd  crush  it  into  a  shapeless  mass.  Just  so  would  it  be  with  our 
bodies,  and  those  of  all  terrestrial  animals,  if  the  air  within  them  did  not 
counteract  the  pressure  without.  And  as  long  as  this  interior  circulation 
remains,  we  can  no  more  feel  the  pressure  of  the  atmosphere  than  a  fish 
feels  that  of  water  ;  nor  can  we  be  deranged  or  compressed  by  it,  any 
more  than  a  bundle  of  wool  is,  or  a  mass  of  entangled  wire.  It  was 
Ignorance  of  this  simple  fact — air  in  tlje  interior  of  bodies  exactly  balancing 
tVic  exterior  pressure— -that  led  the  ancients  astray,  and  induced  one  of  the 
most  sagacious  inlcllects  that  was  ever  clothed  in  humanity  (Aristotle)  to 
ascribe  thin  pressure  to  "  nature's  abhorrence  of  a  vacuum." 

Since  the  invention  of  the  air-pump  in  1654,  numerous  experiments 
are  made,  wliich  demonstrate  the  pressure  of  the  atmosphere.  By  it,  this 
pressure  may  be  removed  from  one  part  of  the  body,  while  it  is  left  free 
act  to  with  undiminished  eiier^'  on   the  opposite  part;  as  when  tlie  palrv 
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of  the  hand  is  held  over  the  aperture  of  an  exhausted  receivei,  the  weight 
or  pressure  of  the  air  on  the  back  being  no  longer  balanced  oy  its  actios 
on  the  palm,  the  hand  is  irresistibly  held  to  the  vessel.  A  criminal  ox 
maniac,  \vhose  hands  and  feet  are  thus  treated,  would  be  9A  effectuaJly 
secured  as  by  fetters  of  iron.  Few  things  are  better  calculated  to  excite 
wonder,  and  even  horror,  in  the  savage  mind,  than  a  part  of  the  body 
being  thus  rendered  helpless,  as  if  spell-bound  by  some  invisible  agent. 
A  few  years  ago,  an  experiment  was  made  with  the  chief  of  a  delegation 
of  Pottawatamios  to  the  scat  of  government,  at  which  the  writer  was 
present.  Although  the  interpreter  previously  endeavored  to  make  them 
understand  the  intended  operation,  it  will  readily  be  supposed  that  such 
an  attempt  must  necessarily  have  been  fruitless.  When  the  receiver  wa« 
exhauRted,  he  was  amazed  to  find  h'b  hand  immoveable,  and  that,  like 
Jeroboamr's,  "  he  could  not  pull  it  ir  again  to  him."  In  his  endeavors  to 
free  it,  he  rapidly  uttered  the  characteristic  interjections,  ugh  !  ugh  !  and 
at  last  shrieked,  as  if  in  despair  of  being  delivered  from  the  power  of  the 
while  enchanter;  when  his  attending  warriors  flourished  their  tomahawks 
and  rushed  to  his  rescue,  as  if  roused  by  the  war-whoop. 

It  is  not,  however,  necessary  to  have  recourse  to  the  air-pump,  for 
prwfs  of  atmosphere  presmre.  Numerous  operations  daily  occur  in 
common  life  which  etjually.  establish  it.  When  a.  person  washes  his 
hands,  if  he  lock  them  together  so  as  to  bring  the  palms  close  to  each 
other,  and  then  attempt  to  raise  the  central  parts  so  as  to  form  a  cavity 
between  them,  at  the  same  time  keeping  the  extremities  of  the  palms  in 
close  contact,  he  will  feel  the  atmospheric  pressure  very  sensibly :  if  the 
experiment  be  made  under  water,  the  effect  will  be  more  obvious  still. 
Analogous  to  this  is  the  attempt  to  open  the  common  household  bellows 
when  the  valve  and  nozzle  are  closed.  The  boards  are  then  forced  open 
with  difHculty,  in  consequence  of  the  pressure  of  the  air  on  their  exterioi 
not  being  balanced  by  its  admission  within.  If  the  materials  and  joints 
were  made  air-tight,  and  the  orifices  perfectly  closed,  the  strongest  man 
that  ever  lived  could  not  force  them  open.  This  experiment,  we  believe, 
was  familiar  to  the  ancients ;  for  we  are  indebted  to  them  for  both  the 
nlacksmith  and  domestic  bellows.  Another  experiment  of  theirs,  of  a 
similar  kind,  was  with  the  syringe.  When  the  small  orifice  is  closed  witl' 
the  frnger,  the  piston  is  pulled  up  with  difHculty,  on  account  of  the  aii 
pressing  on  its  surface ;  and  the  moment  we  let  go  of  the  handle,  il 
instantly  drives  it  back,  in  whatever  position  the  implement  is  held 
The  ordinary  syringe  seldom  exceeds  three-fourths  or  one  inch  in  diame- 
ter, and  any  person  can  thus  draw  out  the  piston  ;  but  one  of  six  or  seven 
inches  diameter  would  require  a  giant's  strength ;  and  one  of  a  foot  or 
fifteen  inches  would  resist  the  efforts  of  two  or  three  horses. 

Numerous  illustrations  of  atmospheric  pressure  may  be  derived  from 
die  animal  kingdom.  The  boa  constrictor  when  it  swallows  its  prey 
affords  one.  zVs  soon  as  this  serpent  has  killed  a  goat  or  a  deer,  he  covers 
its  surface  with  saliva :  this  appears  necessary  to  lay  the  long  hair  of  these 
animals  close,  in  order  to  prevent  air  from  passing  between  the  body  ot 
the  victim  and  the  interior  of  the  devourer's  throat.  After  taking  the 
head  into  his  mouth,  by  a  wonderful  muscular  energy  he  alternately  dtkUa 
and  contracts  the  posterior  portions  of  his  body,  until  the  pressure  of  the 
atmosphere  forces  into  his  flexible  skin  an  animal  whose  bulk  greatly 
exceeds  that  of  his  own.  But  if  air  were  to  pass  between  the  body  of  the 
victim  and  the  dilatable  gullet  of  the  boa,  while  the  latter  was  making  a 
vacuum  to  receive  it,  the  pressure  of  the  atmosphere  would  be  neutralized 
as  effectually  as  if  a  gash  were  made  through  his  skin  in  front  of  the  victiai 
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Tlie  same  process  may  be  witnessed  in  ordinary  snakes,  for  all  serpents 
swallow  their  prey  whole.  There  is  no  mastication  to  facilitate  degluti- 
tion. Their  upper  jaws  are  loosely  connected  to  the  head,  so  that  the 
mouth  can  be  opened  very  wide,  to  admit  larger  animals  than  the  size  of 
the  serpents  would  lead  one  to  suppose. 

Such  examples,  it  must  be  admitted,  are  not  very  familiar  ones ;  but 
there  is  an  experiment  not  much  unlike  them,  that  most  people  have  wi& 
nessed,  and  not  a  few  perform  it  in  their  own  persons  almost  daily.  In 
every  age  people  have  been  fond  of  oysters,  and  numbers  of  our  citizens 
often  luxuriate  on  a  finer  and  larger  species  than  those  which  Roman 
epicures  formerly  imported  from  Britain.  Now,  when  a  gentleman 
indulges  in  this  food  in  the  ordinary  way,  he  affords  a  striking  illustration 
of  the  pressure  of  the  atmosphere.  A  large  one  is  opened  by  the  restau- 
rateur, who  also  loosens  the  animal  from  its  shell,  and  presents  it  on  one 
half  of  the  latter.  The  imitator  of  the  boa  then  approaches  his  lips  to  the 
newly  slain  victim,  and  when  they  come  in  contact  with  but  a  portion  of 
it,  he  immediately  dilates  iiis  chest  as  in  the  act  of  inspiration,  when  the 
air,  endeavoring  to  rush  into  his  mouth  to  inflate  the  thorax,  drives  the 
oyster  before  it,  and  with  a  velocity  that  is  somewhat  alarming  to  an 
inexperienced  spectator.  If  any  one  should  doubt  this  to  be  effected  by 
atmospheric  pressure,  let  him  fully  inflate  his  lungs  previous  to  attempting 
ill  as  to  draw  an  oyster  into  his  mouth,  and  he  will  find  as  much  difficulty 
to  accomplish  it  as  to  smoke  a  pipe  or  a  cigar  with  his  mouth  open. 

This  philosophical  mode  of  transmitting  oysters  to  the  stomach  is  iden- 
tical in  principle  with  that  proposed  by  Guerricke  and  Papin,  for  shooting 
bullets  "  by  the  rarefaction  oX  air."*  A  leaden  ball  was  fitted  into  the 
breech  of  a  gun-barrel,  and  the  end  being  closed,  a  vacuum  was  produced 
in  front  of  it ;  after  which  the  atmosphere  was  allowed  to  act  suadenly  on 
the  ball,  when  it  was  driven  through  the  tube  with  the  velocity  of  a  thou- 
sand feet  in  a  second.  Just  so  with  the  oyster :  it  lays  inertly  at  the 
orifice  of  the  dovourer's  mouth — a  partial  vacuum  is  made  in  front  of  it 
by  the  act  of  respiration,  and  on  dilatii«g  the  chest,  the  atmosphere  drives 
it  in  a  twinkling  down  the  natural  tube  in  the  throat — though,  to  be  sure, 
with  a  velocity  somewhat  less  than  that  of  bullets  through  Papin's  gun. 

When  two  substances,  impervious  to  air,  are  fitted  so  close  as  to  exclude 
it  from  between  them,  they  are  held  together  by  its  pressure  on  their 
outsidesy  and  with  a  force  proportioned  to  the  extent  of  the  surfaces  in 
contact  Pieces  of  metal  have  been  ground  together  so  close  as  to  be 
thus  united.  Two  pieces  of  common  window-glass  dipped  in  water,  and 
pressed  together,  are  separated  with  diflficulty ;  because  the  water  serves 
to  expel  die  air,  and  prevent  its  entrance.  Glass  grinders  are  frequently 
inconvenienced  by  this  circumstance.  If  two  plates  of  glass  were  per- 
fectly plane  and  smooth,  so  as  wholly  to  exclude  the  air  from  between 
them,  they  would  become  united  as  one.  We  liav«  heard  or  read  of  in- 
stances when  they  have  become  actually  one,  and  were  cut  by  a  diamono 
as  an  ordinary  single  plate. 

The  boys'  *  sucker,'  or  *  cleaver,'  a  circular  piece  of  wet  and  thick 
leather,  about  the  size  of  a  dollar,  is  another  illustration.  This,  whcr 
pressed  against  a  smooth  paving  or  other  stone,  of  five  or  ten  lbs.  weight, 
may  be  used  to  raise  it,  by  means  of  a  string  attached  to  the  centre. 
If  one  of  these,  four  inches  in  diameter,  were  applied  to  the  cranium  of  a 
bald-headed  gentleman,  he  might  be  elevated  and  suspended  by  it.  I)r 
4mott  recommends  them  to  elevate  depressed  portions  of  fractured  skullo^ 
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and  fur  (ither  surgical  operations.  Possibly  tlity  might  be  applied  with 
some  advantage  to  the  soft  and  yielding  skulls  o*  infants,  in  order  to  pro* 
duce  those  eminences  upon  which  (according  to  phrenologists)  the  habita 
and  character  of  individuals  depend,  as  by  means  of  them  the  most  desira- 
ble organs  of  thought  and  passion  might  be  developed,  and  the  opposite 
ones  depressed. 

The  principle  of  atmospheric  pressure  has  been  introduced  hy  the 
great  Parent  of  the  universe  into  every  department  of  animated  and  in- 
animate nature.  Not  only  does  it  perform  an  important  part  in  the 
vegetable  kingdom,  but  the  movements  of  innumerable  animals,  on  land 
and  in  water,  depend  upon  it ;  while  others  are  enabled  by  it  to  protect 
themselves  from  enemies,  and  to  secure  their  food  and  their  prey. 
There  is  something  inexpressibly  pleasing  in  examining  even  the  meanest 
specimens  of  the  Creator's  workmanship,  (if  such  an  expression  may  b** 
allowed)  and  what  is  singular,  the  more  plosely  we  search  into  them,  the 
more  proofs  do  we  meet  with  that  the  most  elaborate  and  the  most  effi- 
cient of  our  devices  are  but  rough  copies  of  natural  out^s,  which  the  lower 
animals  vary  and  apply,  according  to  circumstances,  with  inimitable  dex 
terity.  Some  of  these  will  be  noticed  here ;  others  will  be  more  appro- 
priately introduced  in  subsequent  chapters. 

The  feet  of  the  common  house-fly  are  constructed  like  the  suckers  above 
named ;  and  hence  these  insects  are  enabled  to  run  along,  and  even  sleep, 
on  the  ceilings  of  our  rooms,  with  their  bodies  hanging  downwards. 
When  in  an  inverted  position  they  place  a  foot  on  an  object,  they  spread 
out  the  sole,  to  make  it  touch  at  every  part,  so  as  to  exclude  the  air  f^om 
between ;  and  when  the  weight  of  the  body  tends  to  draw  it  away,  the 
pressure  of  the  external  air  retains  it ;  until  the  fly,  wishing  to  move, 
raises  the  edges  by  appropriate  mechanism,  and  destroys  the  vacuum. 

There  is  not  a  more  interesting  subject  for  the  contemplation  of  raecha 
nics  than  the  movements  of  these  active  little  beings.  To  behold  them 
running  not  only  along  the  under  side  of  a  plate  of  glass,  but  also  up,  and 
more  particularly  doion  a  vertical  one,  with  such  perfect  command  over 
theii  motions,  is  truly  surprising.  In  the  latter  case,  from  the  rapidity  of 
their  movements,  and  the  fact  that  part  only  of  their  feet  are  in  contact 
with  the  glass  at  the  same  time,  one  might  suppose  the  momentum  of  tlieii 
moving  bodies  would  carry  them  over  the  objects  they  intended  to  reach : 
instead  of  which,  they  dart  along  with  a  precision  and  facility  as  if  impelled 
by  volition  alone.  It  is  strange,  too,  how  they  are  enabled  to  produce 
a  sufficient  vacuum  between  their  tiny  feet  and  the  asperities  on  an  ordi- 
nary wall  or  ceiHng !  And  witn  what  celerity  it  is  done  and  undone ! 
How  wonderful  and  how  perfect  must  be  the  mechanism  of  these  natural 
air-pumps ;  and  how  harmonious  must  that  machinery  work  by  which  the 
energy  of  the  insect  is  transmitted  to  them !  Their  movements  when  on 
the  wmg  present  another  source  of  pleasing  research.  Let  any  ingenious 
person  witness,  without  admiration  if  he  can,  a  few  of  them  in  a  door-way 
open  to  the  sun :  one  or  two  will  be  found  floating  in  the  centre,  as  if  at 
rest,  mtil  disturbed  by  the  near  approach  of  another,  when  they  dart  upon 
it,  either  in  play  or  in  anger,  and  drive  it  away ;  then  resuming  their  sta- 
tions, they  remain  as  guards  upon  duty,  till  called  to  eject  other  intruders. 
In  these  combats  they  vaiy  their  movements  into  every  imaginable  direc- 
tion ;  they  trace  in  the  air  every  angle  and  every  curve,  and  change  thf^ra 
with  the  velocity  of  thought.  As  thay  are  not  furnished  (like  most  fishes 
and  birds)  with  rudders  in  tneir  tails,  to  assist  in  thus  changing  their  posi 
tions.  but  effect  it  by  modifying  the  acliun  of  their  wings,  how  energetic 
must  b/  the   force  that  works  these .'     And  w  hat  pci  feet  conr.roan J  musl 
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the  insect  possess  over  them  !  It  would  seem  as  if  they  turned  theii 
bodies  in  various  directions,  by  diminishing  the  velocity  of  one  wing,  and 
increasing  that  of  the  other ;  and  also  by  varying  the  angle  at  which  they 
strike  the  air,  and  descend  by  closing  them  or  stopping  their  vibrations. 
And  with  what  vigor  and  celerity  must  one  of  these  insects  move  its  deli- 
cate wings  in  order  to  elevate  its  comparatively  heavy  body  !  Yet  this 
movement  is  made  quick  as  the  others.  It  bounds  upwards,  like  a  balloon 
released  from  its  cords  ;  now  sailing  through  a  room,  sweeping  round  our 
beads,  buzzing  at  our  ears,  skimming  over  the  floor,  end  tnon  invertir.g 
its  body  and  resting  on  the  ceiling !  And  all  this  within  two  or  three 
seconds  of  time,  and  without  any  apparent  exertion  or  fatigue.  Here  is 
a  fruitful  subject  of  inquiry  to  the  riiacliinlst  and  aeronaut.  All  the  wonders 
that  the  automatons  of  Maelzel  and  Maillardet  ever  wrought,  are  nothing 
compared  to  those  that  may  yet  be  accomplished  by  studying  the  organi- 
zation and  motions  of  these  living  machines. 

But  there  are  larger  animals  than  flies  that  suspend  themselves  in  an 
inverted  position.  Mr.  Marsden,  in  his  "  History  of  Sumatra,"  (London, 
1811,  p.  119)  mentions  lizards  four  inches  long,  which,  he  observes,  are 
the  largest  reptiles  that  can  walk  in  an  inverted  situation.  One  of  them, 
of  size  sufficient  to  devour  a  cockroach,  runs  on  the  ceiling  of  a  room,  and 
in  that  situation  seizes  its  prey  with  the  utmost  facility.  Si.metimes, 
however,  when  springing  too  eagerly  at  a  fly,  they  lose  their  hold,  and 
drop  to  the  floor. 

The  Gecko  of  Java  and  other  countries  is  furnished  with  similar  ap- 
paratus in  its  feet,  by  means  of  which  it  runs  up  the  smoothest  polished 
walls,  and  even  carries  a  load  with  it,  equal  in  weight  to  that  of  its  owr. 
oody.  Osbeck  mentions  lizards  in  China  that  ran  up  and  down  the  walls 
with  such  agility  as  "  they  can  scarce  be  caught."  The  tree  frog  of  this 
country  adheres  to  the  leaves  of  trees  by  the  tubercles  on  its  toes  :  a  young 
jne  has  sustained  itself  in  an  inverted  position  against  the  under  side  of  a 
plate  of  glass.  From  tlie  observations  of  E.  Jesse,  author  of  *  Gleanings 
of  Natural  History'  it  appears  that  common  frogs  can  occasionally  do  the 
same.  His  account  is  very  interesting :  *'  1  may  here  mention  a  curious 
observation  1  made  in  regard  to  some  frogs  that  had  fallen  down  a  small 
area  which  gave  light  to  one  of  the  windows  of  my  house.  The  top  of 
the  area  being  on  a  level  with  the  ground,  was  covered  over  with  some  iron 
bars  through  which  the  frogs  fell.  During  dry  and  warm  weather  when 
they  could  not  absorb  much  moisture,  I  observed  them  to  appear  almost 
torpid ;  but  when  it  rained  they  became  impatient  of  their  confinement, 
and  endeavored  to  make  their  escape,  which  they  did  in  the  following  man- 
ner. The  wall  of  the  area  was  about  five  feet  in  height  and  plas- 
tered and  white-washed  as  smooth  as  the  ceiling  of  a  room  ;  upon 
this  surface  the  frogs  soon  found  that  their  claws  would  render  them  little 
or  no  assistance ;  they  therefore  contracted  their  large  feet  oo  as  to  make 
a  hollow  in  the  centre,  and  by  means  of  the  moisture  which  they  had  im- 
bibed in  consequence  of  the  rain,  they  contrived  to  produce  a  vacuum,  so 
tliat  by  the  pressure  of  the  air  on  their  extended  feet,  (in  the  same  way  that 
we  see  Iwys  take  up  a  stone  by  means  of  a  piece  qf  wet  leather  fastened 
to  a  string)  they  ascended  the  wall  and  made  their  escape.  This  happen- 
ed constantly  in  the  course  of  three  years." — Phil.  Ed.  1833.  p.  140. 

Innumerable  crustaceous  animals  adhere  to  rocks  an  J  stones  by  the  same 
principle.  But  it  is  not  the  smaller  inhabitants  of  either  the  land  or  the 
«.»a,  as  flies,  spiders,  butterflies,  bees,  &c.  some  of  which  scarcely  weigh 
a  grain  ;  or  lizards  and  frogs,  &c.  of  five  or  six  ounces,  which  thus  sustain 
themi9clve«  against  gravity  ;  for  the  enormous  walrus,  that  sometimes  ex 
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ceeds  a  ton  in  weight,  Is  fuiTiislicd  by  the  Creator  with  analogous  apparatus 
in  his  hinder  feet;  and  thus  ch'rnbs  by  atmospheric  pressure,  the  glassy  sur- 
faces of  ice-bergs.  How  forcibly  do  these  examples  illustrate  the  intimate 
connection  which  subsists  between  the  various  departments  of  Natural  Phi- 
losophy. A  knowledge  of  one  always  furnishes  a  key  (whether  it  be  used  or 
not)  to  open  some  of  the  mysteries  of  another.  Thus  a  person  who  under- 
stands the  principle  by  which  water  is  raised  in  a  simple  pump,  can  by  it  ex- 
plain some  of  the  most  surprising  facts  in  the  natural  history  of  animals ; 
and  solve  problems  respecting  the  motions  and  organs  of  motions  of  nu- 
merous tribes  of  animated  beings,  which  two  or  three  centuries  ago,  the 
most  enlightened  philosophers  could  not  coiUprehend.  And  with  a  simple 
pump,  he  can  moreover  determine,  as  with  a  barometer,  the  measurement  of 
all  accessible  heights,  and  with  a  degree  of  accuracy  that,  in  some  cases, 
is  deemed  preferable  to  geometrical  demonstrations. 

When  two  substances  are  brought  together,  at  some  distance  below  the 
surface  of  water,  and  so  as  to  exclude  it  from  between  them,  they  are 
then  pressed  together  with  a  force  greater  than  when  in  the  air,  ba 
cause  the  weight  of  the  perpendicular  column  of  water  over  them  is 
then  added  to  that  of  the  atmosphere.  Numerous  examples  of  this  com- 
bined pressure  are  also  to  be  found  in  the  natural  world.  By  it,  various 
species  of  Hsh  adhere  to  rooks  and  stones  in  the  depths  of  the  sea,  from 
which  they  cannot  be  separated  except  by  tearing  their  bodies  asunder. 
Some  by  means  of  it  attach  themselves  to  the  bodies  of  others,  and  there- 
by traverse  the  ocean  without  any  expense  or  exertion  of  their  own,  some- 
what like  dishonest  travelers,  who  elude  the  payment  of  their  fare.  There 
are  several  specie^  of  fishes  known  which  have  a  separate  organ  of  adhe 
sion,  and  there  are  doubtless  many  more  which  have  not  yet  come  under 
the  observation  of  man.  The  most  celebrated  is  the  remora  or  siu:king 
fish  of  Dampier  and  other  navigators.  It  is,  in  size  and  shape,  similar  to 
a  large  whiting,  except  that  the  head  is  much  ilatter.  **  From  the  head  to 
the  middle  of  its  back,  (observes  Dampier)  there  groweth  a  sort  of  flesh  of 
a  hard  gristly  substance,  like  that  of  the  limpet.  This  excrescence  is  of  a 
flat  oval  form,  about  7  or  8  inches  long,  and  5  or  6  broad,  and  rising  about 
half  an  inch  high.  It  is  full  of  small  ridges  with  which  it  will  fasten  itself 
to  any  thing  that  it  meets  with  in  the  sea.  When  it  is  fair  weather  and 
but  little  wind,  they  will  play  about  a  ship,  but  in  blustering  weather,  or 
when  the  ship  sails  quick,  they  commonly  fasten  themselves  to  the  ship's 
bottom,  from  whence  neither  the  ship's  motion,  though  never  so  swift,  nor 
the  most  tempestuous  sea  can  remove  them.  They  will  likewise  fusten 
themselves  to  any  bigger  fish,  for  they  never  swim  fast  themselves,  if  they 
fnect  witJi  any  thing  to  carry  tlicm.  I  have  found  them  sticking  to  a  shark 
after  it  was  haVd  in  on  deck,  though  a  shark  is  so  strong  and  boisterous  a 
fish,  and  throws  about  him  so  vehemently  when  caught,  and  for  half  an 
hour  together,  that  did  not  the  sucking  fish  stick  at  no  ordinary  rate,  if 
must  needs  be  cast  off  by  so  much  violence."*  They  are  familiar  to  most 
of  our  seamen.  Other  species  have  a  circular  organ  of  adhesion,  consist 
ing  of  numerous  soft  papillje,  and  placed  on  the  thorax,  instead  of  the 
top  of  the  head,  as  in  the  remora.  In  some  fish  the  ventral ^«*  are  united 
and  are  capable  of  adhesion.     In  the  lamprey  the  mouth  contracts  and 

*  Dampier's  Voyoj^es,  vi.  edit.  1717.  Vol.  i,  04,  and  Vol.  ii,  part  iii,  p.  110.  lu  Uie 
the  plates  o(  Vol.  iii.  \»  a  figure  of  one.  Figures  of  Uie  excrescence  or  sucking  part 
of  the  remora,  and  of  tlie  feet  of  the  house-fly,  uiay  be  seen  in  Dr.  Brewstcr^s  l^etten 
on  Natural  Magic. 
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acts  as  a  sucker;  wnile  that  curious  animal  the  cuttle  fish  secures  the  vie- 
lims  that  fall  Into  its  fatal  embraces  by  the  suckers  on  Its  arms.       * 

The  prodigious  pressure  that»  at  great  depths,  unites  these  inhabitants  of 
the  sea  to  their  prey,  led  man  to  employ  them  to  hunt  the  sea  for  his  benefit 
as  well  as  their  own.  Both  the  remora  and  lamprey  tribe  have  been  used 
foi  this  purpose.  Columbus  when  on  the  coast  of  St.  Domingo  was  greatly 
surprised  on  beholding  the  Indians  of  that  island  fishing  with  them.  "  They 
bad  a  small  fish,  the  flat  head  of  which  was  furnished  witli  numerous  suck- 
ers, by  which  it  attached  itself  so  firmly  to  any  object  as  to  be  torn  In 
pieces  rather  thar.  abandon  its  hold.  Tying  a  long  string  to  the  tail,  the  In- 
dians |)ermitted  It  to  swim  at  large  :  it  generally  kept  near  the  surface  till 
it  perceived  Its  prey,  when  darting  down  swiftly  it  attached  Itself  to  the 
throat  of  a  fish,  or  to  the  under  shell  of  a  tortoise,  when  both  were  drawn 
up  by  the  fisherman."  Ferdinand  Columbus  saw  a  shark  caught  In  tLis 
manner.* 

The  same  mode  of  fishing  was  followed  at  Zanguebar,  on  the  eastern 
coast  of  Afrlci.  The  Inhabitants  of  the  coast  when  fishing  for  turtle, 
"  take  a  living  sucking  fish  or  remara,  and  fastonrng  a  couple  of  strings  to  it, 
(one  at  the  head  and  the  other  at  the  tail)  they  let  the  sucking  fish  down 
into  the  water  on  the  turtle  ground,  among  the  half  grown  or  young  turtle; 
and  when  they  find  that  the  fish  hath  fastened  himself  to  the  back  of  a  tur- 
tle, as  he  will  soon  do,  they  draw  him  and  the  turtle  up  together.  This 
way  of  fishing  as  I  have  heard  Is  also  used  at  Madagascar. '**' 

The  remora  was  well  known  to  the  ancients.  History  has  preserved 
a  fabulous  account  of  their  having  the  power  to  stop  a  vessel  under  salK 
by  attaching  themselves  to  her  rudder.  A  Roman  ship  belonging  to  a 
fieet,  It  it  said,  was  thus  arrested,  when  she  *'  stoode  stil  as  if  she  had  lien 
at  anker,  not  stirring  a  whit  out  of  her  place."  There  Is  another  illustra- 
tijn  of  the  enormous  pressure  that  fishes  endure  at  great  depths.  The 
small  volume  of  air  that  Is  contained  In  the  bladder,  and  by  the  expansion 
ar.d  cimr.raci:on  of  which  inev  ascend  and  descend,  is  at  the  bottom  of  the 
sea  compressed  Into  a  space  many  times  smaller  than  when  they  swir.4 
nea**  the  surfWce.  (Al  o'o  feet  from  the  surface  it  occupies  but  one  half.) 
Hence,  it  frcquenlly  occurs  that  when  such  fish  are  suddenly  drawn  up, 
(as  the  cod  on  the  banks  of  Newfoundland)  the  membrane  bursts,  in  con- 
sequence of  the  diminished  pressure,  and  ihe  air  rushing  Into  the  abdomen, 
forces  the  Iniestlncs  ou^  of  the  mouth.  From  a  similar  cause,  blood  is 
forced  out  of  tlie  ears  of  divers,  when  the  bell  that  contains  them  is  quickly 
drawn  up.  This  pressure  Is  also  evinced  In  the  fact  that  the  timber  of 
ibundered  vessels  never  rises,  because  the  pores  become  completely  filled 
with  w^ater  by  ibo  pressure  of  the  superincumbent  mass,  and  the  wood 
then  botomcs  almost  *  heavy  as  iron.' 

The  pressure  of  the  atmosphere  on  liquids  is  equally  obvious.  When 
a  bucket  or  other  vessel  is  sunk  in  water  and  then  raised  In  an  Inverted 
position,  the  air  being  excluded  from  acting  on  the  surface  of  the  liquid 
within,  still  presses  on  that  without,  so  that  the  water  is  suspended  in  the 
vessel ;  and  if  the  under  surface  of  the  liquid  could  be  kept  level  and  at 
rest,  water  might  be  transported  In  buckets  thus  turned  upside  down,  as 
effectually  as  In  the  ordinary  mode  of  conveying  It ' 

The  experiment  with  a  goblet  or  tumbler  presents  a  very  neat  illustra- 
tion. One  of  these  filled  with  water,  and  having  a  piece  of  writing  paper 
laid  over  it,  and  held  close  till  the  vessel  be  Inverted,  will  retain  the  liquid 

■  Irvinf'i  Coluuibus,  Vol.  i,  373.    *  Dampier'a  Voyages,  Vol.  ii,  part  i'l,  108. 
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within  It  In  ihis  experiment  the  paper  merely  preserves  I  he  liquid  sur- 
face le  vel :  it  remains  perfectly  free  and  loose  ;  and  so  far  from  being 
close  to  the  edge  of  the  glass,  it  may,  while  the  latter  is  held  in  a  horizon- 
tal position,  be  withdrawn  several  lines  from  it  without  the  water  escaping ; 
and  it  may  be  pierced  full  of  small  holes  with  the  same  effect. 

If  an  inverted  vessel  be  filled  with  any  material  that  excludes  the  air, 
and  whose  specific  gravity  is  greater  than  that  of  water,  when  lowered 
into  the  latter,  the  contents  will  descend  and  be  replaced  by  the  water. 
A  bottle  filled  with  sand,  shot,  &c.  and  inverted  in  water,  will  have  its 
contents  exchanged  for  the  latter.  As  these  substances,  however,  do  nof 
perfectly  JUl  the  vessel,  and  of  course  do  not  exclude  all  the  air,  the 
experiment  succeeds  better  when  the  vessel  contains  heavy  liquids,  as 
mercury,  sulphuric  acid,  &c.  It  is  said  that  negroes  in  the  West  Indies 
often  insert  the  long  neck  of  a  bottle  filled  with  water,  into  the  bung-holes 
of  rum  puncheons,  when  the  superior  gravity  of  the  water  (in  this  case) 
descends,  and  is  gradually  replaced  with  the  lighter  spirit. 

In  the  preceding  examples  and  those  in  subsequent  chapters,  it  will  be 
found  that  wherever  a  vacuity  or  partial  vacuum  is  formed,  the  adjacent 
air,  by  the  pressure  above,  rushes  in  and  drives  before  it  the  object  that 
intervenes,  until  the  void  is  filled.  If  the  nozzle  of  a  pair  of  bellows  be 
closed,  either  by  the  finger  or  by  a  small  valve  opening  outwards  ;  and  a 
short  pipe,  the  lower  end  of  which  is  placed  in  water,  be  secured  to  the 
opening  in  the  under  board  which  is  covered  by  the  clapper ;  then  if  the 
bellows  be  opened,  the  pressure  of  the  atmosphere  will  drive  the  water 
up  the  pipe  to  fill  the  enlarged  cavity,  and  by  then  closing  the  boards, 
the  liquid  will  be  expelled  through  the  nozzle.  Bellows  thus  arranged 
become  sucking  or  atmospheric,  and  forcing  pumps.  When  the  orifice  of 
a  syringe  is  inserted  into  a  vessel  of  water  and  the  piston  drawn  up,  the 
air  having  no  way  to  enter  the  vacuity  thus  formed  than  by  the  small 
orifice  under  the  surface  of  the  liquid,  presses  the  water  before  it  into  Uie 
body  of  the  syringe. 

As  every  machine  described  in  this  book,  and  most  of  those  in  the  nex^ 
one,  both  proves  and  illustrates  atmospheric  pressure  on  liquids,  we  need 
not  enlarge  further  upon  it  here.  There  are  however  some  other  parti- 
culars  relating  to  it,  which  are  necessary  to  be  known :  first,  that  its 
pressure  is  limited ;  and  secondly,  that  it  varies  in  intensity  at  diflferent 
parts  of  the  earth,  according  to  their  elevation  above  the  surface  of  the  sea. 
These  important  facts  are  clearly  established  in  the  accounts  given  of  tho 
discovery  of  the  air*s  pressure,  a  sketch  of  which  can  scarcely  be  out  of 
place  here,  since  it  was  a  pump  that  first  drew  the  attention  of  modern 
philosophers  to  the  subject,  and  which  thereby  became  the  proximate 
cause  of  a  revolution  in  philosophical  research,  that  will  ever  be  consi* 
dered  an  epoch  in  the  history  of  science. 
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ttkcorery  of  atniMpheric  premire— CircuuuUnces  which  leU  to  iU-G»lileo— Torrieelli— BeautiAil 
•xperiment  of  iho  latter— Controvony  re«pecting  the  resultj — Paacal — his  demonstration  of  i&k  «us0 
•f  ^e  ascent  of  water  in  puiaps — ^Invention  of  the  air-pump— Barometer  and  iu  vortous  applications— 
Intensity  of  atmospheric  pressure  different  at  different  parts  of  the  earth — A  knowledge  of  this  necessary 
M»  pump-maker*— Thu  limits  to  which  water  may  be  raised  iu  atmospheric  pumps  known  to  ancient 
ooittp-makers. 

In  the  year  164 1»  a  pump-maker  of  Florence  made  an  atmospheric,  or 
what  was  called  a  9Mi>king  pamp,  the  pipe  of  which  extended  from  50  to 
GO  feet  above  the  water.  When  put  in  operation,  it  was  of  course  inca- 
pable of  raising  any  over  32  or  33  feet.  Supposing  this  to  have  been 
occasioned  by  some  dtrfect  in  the  construction,  the  pump  was  carefully 
examined,  and  being  found  perfect,  the  operation  was  repeated,  but  with 
the  same  results.  Auei  numerous  trials,  the  superintendent  of  the  Grand 
Duke's  water  works,  according  to  whose  directions  it  had  been  made, 
consulted  Galileo,  who  was  a  native  of  the  city,  and  then  resided  in  it. 
Previous  to  this  occurrence,  it  was  universally  supposed  that  water  was 
raised  in  pumps  by  an  occult  power  in  nature,  which  resisted  with  con- 
siderable force  all  attempts  to  make  a  void,  but  which,  when  one  was 
made,  used  the  same  force  to  fill  it,  by  urging  the  next  adjoining  substance, 
if  a  fluid,  into  the  vacant  space.  Thus  in  pumps,  when  the  air  was  with- 
drawn from  their  upper  part  by  the  *  sucker,*  nature,  being  thus  violated, 
instantly  forced  water  up  the  pipes.  No  idea  was  entertained  by  philo- 
sophers at  this  or  any  preceding  period,  that  we  know  of,  that  this  force 
was  limUed;  that  it  would  not  as  readily  force  water  up  a  perpendicular 
tube,  from  which  the  air  was  withdrawn,  100  feet  high  as  well  as  20^to 
the  top  of  a  high  building  as  well  as  to  that  of  a  low  one. 

When  the  circumstances  attending  the  trial  of  the  pump  at  Florence 
were  placed  before  Galileo,  (his  attention  having  probably  never  before 
been  so  closely  directed  to  the  subject)  he  could  only  reply,  that  nature's 
abhorrence  to. a  vacuum  was  limited,  and  that  it  "  ceased  to  operate  above 
the  height  of  32  feet."  This  opinion  given  at  the  moment,  it  is  believed 
was  not  satisfactory  to  himself;  and  his  attention  having  now  been  roused, 
there  can  be  no  doubt  that  he  would  have  discovered  the  real  cause,  had 
he  lived,  especially  as  he  was  then  aware  that  the  atmosphere  did  exert  a 
defiuite  pressure  on  objects  on  the  surface  of  the  earth.  But  at  that  period 
this  illustrious  man  was  totally  blind,  nearly  80  years  of  age,  and  within  a 
few  months  of  his  death.  The  discovery  is  however,  in  some  measure, 
due  to  him.  It  has  also  been  supposed  that  he  communicated  his  ideas 
on  the  subject  to  Torricelli,  who  lived  in  his  family  and  acted  as  his 
amanuensis  during  the  last  three  months  of  his  life. 

It  was  in  ]  643  that  Torricelli  announced  the  great  discovery  that  wat^er 
was  raised  in  pumps  by  the  pressure  of  the  air.  This  he  established  by 
very  salisfa<:iory  experiments.  The  apparatus  in  his  first  one,  was  made 
in  imitauou  of  the  Florentine  pump.  He  procured  a  tube  60  feet  long, 
and  secured  it  in  a  perpendicular  position,  with  its  lower  end  in  water ; 
then  having  by  a  syringe  extmcted  the  air  at  its  upper  end,  he  found  tlie 
water  rose  only  32  or  33  feet,  nor  could  he  by  any  eiTort  induce  it  to 
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ascend  higher.  He  then  reduced  the  length  of  the  pipe  to  40  feet,  without 
any  belter  success.  It  now  occurred  to  him,  that  if  it  really  was  the 
atmosphere  which  supported  this  column  of  water  in  the  pipe,  then,  if  he 
employed  some  other  liquid,  the  specific  gravity  of  which,  compared  with 
that  of  water,  was  knoicn,  a  column  of  such  liquid  would  be  sustained  in 
the  tube,  of  a  length  proportioned  to  its  gravity.  This  beautiful  thought 
he  soon  submitted  to  the  test  of  experiment,  and  by  a  very  neat  and  simple 
apparatus. 

Quicksilver  being  14  times  heavier  than  water,  he  selected  it  as  the 
most  suitable,  since  the  apparatus  would  be  more  manageable ;  and  from 
the  small  dimensiona  of  the  requisite  tube,  a  syringe  to  exhaust  the  air 
could  be  dispensed  with.  He  therefore  took  a  glass  tube  about  four  feet 
long,  sealed  at  one  end  and  open  at  the  other.  This  he  completely  filled 
with  quicksilver,  which  of  course  expelled  the  air;  then  placing  his  finger 
on  the  open  end.  he  inverted  the  tube,  and  introduced  the  open  end  below 
the  surface  of  a  quantity  of  mercury  in  an  open  vessel ;  then  moving  the 
tube  into  a  vertical  position,  he  withdrew  his  finger,  when  part  of  the 
mercury  descended  into  the  basin,  leaving  a  vacuum  in  the  upper  part  of 
the  tube,  while  the  rest  was  supported  in  it  at  the  height  of  about  28 
inches,  as  he  had  suspected,  bein^  one-fourteenth  of  the  height  of  the 
aqueous  column.  This  simple  and  truly  ingenious  experiment  was  fre- 
quently varied  and  repeated,  but  always  wich  the  same  result,  and  must 
have  imparted  to  Torricelli  the  most  exquisite  gratification.* 

Accounts  of  Torricelli's  experiments  were  soon  spread  throughout  Eu- 
rope, and  every  where  caused  an  unparalleled  excitement  among  philoso- 
phers. This  was  natural,  for  his  discovery  prostrated  the  long  cherished 
hypothesis  of  nature's  abhorence  of  a  vacuum  j  and  at  the  same  time,  opened 
unexplored  regions  to  scientific  research.  It  met  however  with  much 
opposition,  particularly  from  the  Jesuits ;  in  many  of  whom  it  is  said  to 
have  excited  a  degree  of  *  horror*  similar  to  that  experienced  by  them  on 
the  publication  of  Galileo's  dialogues  on  the  Ptolemaic  and  Copernican 
systems.  They  and  others  resisted  the  new  doctrine  with  great  perse- 
verance, and  even  endeavored  to  reconcile  the  results  of  the  experiments 
with  xkieftiga  vacui  they  so  long  had  cherished.  It  was  ingeniously  con- 
tended that  the  experiment  with  quicksilver  no  more  proved  that  the  force 
which  sustained  it  m  the  tube  was  the  pressure  of  the  atmosphere,  than  the 
column  of  water  did  in  the  first  experiment;  allowing  this,  it  proved  that 
this  force,  whatever  it  was,  varied  in  its  effects  on  different  liquids,  accord- 
ing to  their  specific  gravity  ;  a  fact  previously  unknown,  and  apparently 
inconsistent  with  nature's  antipathy  to  a  void,  which  might  be  supposed  to 
produce  the  same  effects  on  all  fluids — to  have  as  great  an  abhorence  to 
mercury  as  to  water. 

During  the  discussion  great  expectations  were  entertained  by  the  advo- 
cates of  the  new  doctrine  from  Torricelli ;  but  unfortunately,  this  philoso- 
pher died  suddenly  in  the  midst  of  his  pursuits  and  in  the  veiy  vigor  of 
manhood,  viz.  in  his  39th  year.  This  took  place  in  1647.  The  subject 
was  however  too  interesting,  and  too  important  in  its  consequences,  to  be 
lost  sight  oh  He  had  opened  a  new  path  into  the  fields  of  science,  and 
philosophers  in  every  part  of  Europe  had  rushed  into  it  with  too  much 
ardor  to  be  stopped  by  his  decease.     Among  the  most  eminent  of  those 


*  The  apparatus  employed  in  these  experimentB  was  not  origira!  witli 
The  air  thermometer  of  C.  Drebblc,  the  famous  alchemist,  who  died  in  Id^l, 


Torricelli 
was  of  the 

same  construction,  except  that  the  npper  end  of  the  inverted  tube  was  swelled  into  a 

bulb.    It  is  frequently  figured  in  Fiudd's  works. 
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was  Pascal,  a  French  mathematician  and  divine.  In  1646  he  nndertcMk 
to  verify  the  experiments  of  Torricelli,  and  still  furtlier  to  vary  them. 
He  usee!  tubes  of  glass  forty  feet  long,  having  one  end  closed  to  uyoid 
the  use  of  a  syringe.  He  filled  one  with  wine  and  anotber  with  water,  and 
inverted  them  into  basins  containing  the  same  liquids,  after  the  manner  of 
Torricelli's  mercurial  experiment.  As  the  specific  gravity  of  these  liquids 
was  not  the  same,  he  anticipated  a  difference  in  the  length  of  the  two  co- 
iucins ;  and  such  was  the  fact.  The  water  remained  suspended  at  the 
height  of  thirty -one  feet  one  inch  and  four  lines ;  while  the  lighter  wine 
stood  at  thirty-three  feet  three  inches.  Pascal  was  attacked  with  great 
virulence  by  Father  Noel,  a  Parisian  Jesuit,  who  resisted  the  new  doctrine 
with  infuriate  zeal,  as  if  it  also  wgls  heresy,  like  Galileo's  doctrine  of  the 
earth's  motion  round  the  sun. 

After  making  several  experiments,  one  at  length  occured  t6  Pascal, 
which  he  foresaw  would,  if  successful,  effectually  silence  all  objectors. 
He  reasoned  thus  :  If  it  is  really  the  weight  or  pressure  of  the  atmosphere, 
iliat  sustains  water  in  pumps,  and  mercury  in  the  tube,  then,  the  intensity 
of  this  pressure  will  be  less  on  the  top  of  a  mountain  than  at  its  foot,  be« 
cause  there  is  a  less  portion  of  air  over  its  summit  than  over  its  base  ;  if 
therefore  a  column  of  mercury  is  sustiiined  at  28  or  any  other  number  of 
inches  at  the  base  of  a  very  high  mountain,  this  column  ought  to  diminish 
gradually  as  the  tube  is  carried  up  to  the  top;  whereas,  if  the  atmosphere 
has  no  connection  with  the  ascent  of  liquids,  (as  contended)  then  the  mer- 
cury will  remain  the  same  at  all  elevations,  at  the  base  as  at  the  summit. 
Being  at  Paris,  he  addressed  a  letter  to  his  brother-in-law,  M.  Perrier, 
(in  1647)  from  which  the  following  is  an  extract :  "  I  have  thought  of  an 
experiment,  which,  if  it  can  be  executed  with  accuracy,  will  alone  be  suf- 
ficient to  elucidate  this  subject  It  is  to  repeat  the  Torricellian  experi- 
ment several  times  in  the  same  day,  with  the  same  tube,  and  the 
same  mercury ;  sometimes  at  the  foot,  sometimes  at  the  summit  of 
a  mountain  five  or  six  hundred  fathoms  in  height.  By  diis  means 
we  shall  ascertain  whether  the  mercury  in  the  tube  will  be  at  the 
tame  or  a  different  height  at  each  of  these  stations.  You  perceive  with- 
out doubt  that  this  experiment  is  decisive  ;  for  if  the  column  of  mercury 
be  lower  at  the  top  ot  the  hill  than  at  the  base,  as  I  think  it  will,  it  clear- 
ly shows  that  the  pressure  of  the  air  is  the  sole  cause  of  the  suspension 
of  the  mercury  in  the  tube,  and  not  the  horror  of  a  vacuum ;  as  it  is  evi- 
dent there  is  a  longer  column  of  air  at  the  bottom  of  the  hill  than  at  the 
top ;  but  it  would  be  absurd  to  suppose  that  nature  abhors  a  vacuum 
more  at  the  base  than  at  the  summit  of  a  hill.  For  if  the  suspension  of 
the  mercury  in  the  tube  is  owing  to  the  pressure  of  the  air,  it  is  plain  it 
must  be  equal  to  a  column  of  air,  whoso  diameter  is  the  same  with 
that  of  the  mercurial  column,  and  whose  height  is  equal  to  that  of  the 
atmosphere,  from  the  surface  of  the  mercury  in  the  basin.  Now  the  base 
rv*m9'*^jing  the  same,  it  is  evident  the  pressure  will  be  in  proportion  to  the 
height  of  thd  column,  and  that  the  higher  the  column  of  air  is,  the  longer 
will  be  the  column  of  mercury  that  will  be  sustained."  This  experifm%» 
turn  crueis^  was  made  on  the  19th  September,  164S,  the  year  after  Torn* 
celli's  death,  on  the  Puy  de  Dome,  near  Clermont,  the  highest  mountain  in 
France ;  and  the  result  was  just  as  Pascal  had  anticipated.  The  mercury 
fell  in  the  tube  as  M.  Perrier  ascended  with  it  up  the  mountain,  and  when 
he  reached  the  summit  it  was  three  inches  lower  than  when  at  the  base. 
The  experiment  was  repeated  on  different  s?dcs  of  the  mountain,  and 
continued  by  Perrier  till  1651,  but  always  with  the  same  results.  Pa«- 
cal  made  oUiers  on  the  top  of  some  of  the  steeples  in  Paris ;  and  a!' 
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proved  the  sanje  important  truth,  viz.  that  the  pressure  of  the  atmoaphur^ 
was  that  mysterious  power,  which  under  the  name  of  nature's  abhonence 
Co  a  vacuum  had  so  long  eluded  the  researches  of  philosophers.  The  sub- 
ject was  taken  up  in  England  by  Boyle,  who  pursued  it  with  unremitted 
ardor,  and  whose  labors  have  immortalized  his  name  ;  but  it  was  Geitnany 
that  bore  off  the  most  valuable  of  the  prizes  which  the  discovery  offered 
to  philosophers.  The  Torricellian  experiment  gave  rise  to  the  air  pithp  ; 
and  in  1654,  a  Prussian  philosopher,  a  mathematician  and  a  magistrate. 
Otto  GuerrickCt  of  Magdeburgh,  made  public  experiments  with  it  at  Ratio- 
bon,  before  the  emperor  of  Germany  and  several  electors.  Some  authors 
ascribe  the  invention  of  the  pump  to  Candido  del  Buono,  one  of  the  mem- 
bers of  the  Academie  del  Cimento  at  Florence,  and  intimate  that  the  first 
essays  with  it  were  only  made  by  Guerricke. 

The  apparatus  of  Torricelli,  i.  e.  the  glass  tube  and  basin  of  mercury, 
was  named  a  baroscope,  and  afterwards  a  barometer,  because  it  measured 
the  pressure  of  the  atmosphere  at  all  elevations  ;  hence  to  it,  engineers 
m  all  parts  of  the  earth  may  have  recourse,  to  determine  the  perpendicular 
length  of  the  pipes  of  atmospheric  pumps. 

Another  application  of  the  barometer  was  the  natural  result  of  Perrier's 
first  experiment  on  the  Puy  de  Dome.  As  he  ascended  that  mountain 
with  it,  the  mercury  kept  falling  in  exact  proportion  to  the  elevation  to 
which  the  instrument  was  carried ;  hence  it  is  obvioiis,  that  when  the 
tube  is  properly  graduated,  it  will  measure  the  height  of  mountains,  and 
all  other  elevations  to  which  it  can  be  carried.  By  it,  aeronauts  deter- 
mine the  height  to  which  they  ascend  in  balloons.  The  observations  of 
Perrier  were  continued  daily  from  1649  to  1661,  during  which  he  per- 
ceived that  the  height  of  the  column  slightly  varied  with  the  temperature, 
wind,  rain,  and  other  circumstances  of  the  atmosphere ;  and  hence  the 
instrument  indicated  changes  of  weather^  and  became  known  and  is  still 
jsed  as  a  **iv€atli€r  glass.'^  The  extent  of  these  variations  is  about 
three  inches,  generally  ranging  from  twenty-eight  to  thirty-one,  and  are 
principally  confined  to  the  temperate  zones.  In  tropical  i-egions,  the 
pressure  is  nearly  uniform,  the  mercury  standing  it  about  thirty  inches 
throughout  the  year.  These  facts  have  an  important  bearing  on  our  sub 
jcct;  for  an  atmospheric  pump  or  siphon,  with  a  perpendicular  pipe  thirty 
four  or  thirty-five  feet  long,  might  operate  during  certain  states  «>f  the  at- 
mosphere, while  in  uthcrs  it  could  not ;  and  in  some  parts  of  the  earth  it 
would  be  altogether  useless. 

It  will  appear  in  the  sequel,  that  the  physical  properties  of  the  atmos- 
phere which  we  have  enumerated,  must  necessarily  be  understood,  in 
order  pe»*fectly  to  comprehend  the  action  of  the  machines  we  have  to  de- 
scribe. As  regards  the  aerial  pressure,  its  limits  and  variation  at  different 
altitudes,  we  need  only  remark,  that  a  sucking  pump  or  a  siphon,  which 
raises  water  thirty-three  feet  in  New- York  and  Buenos  Ay  res,  London 
and  CalcuttA,  St.  Petersburgh  and  Port  Jackson  in  New  Holland,  could 
not,  in  the  city  of  Mexico,  elevate  it  over  twenty-two  feet;  and  at  Quito, 
and  Santa  Fe  de  Bogota  in  South  America,  and  Gondar  the  capital  of 
Abyssinia  twenty  feet,  on  account  of  the  great  elevation  of  these  cities ; 
(from  the  same  cause,  the  pressure  of  the  atmosphere  on  Mont  Blanc  is 
only  about  half  that  on  the  plains)  and  if  Condamine  and  Humboldt, 
when  on  the  summit  of  Pinohincha,  had  applied  one  to  raise  water  there,  or 
on  the  side  of  Antisana,  at  the  spot  where,  from  the  great  rarity  or  tenuity 
of  the  air,  the  face  of  the  latter  philosopher  was  streaming  with  olood,  hig 
attendant  fainted,  and  the  whole  party  exhausted,  it  would  not  have  raised 
water  over  twelve  or  fourteen  feet  j  (the  mercury  in  the  ba-ometer  teV- 
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to  fourteen  inches  seven  lines,)  while  on  the  highest  ridge  of  the  Hima- 
layas, it  would  scarcely  raise  it  eight  or  ten  feet.  Without  a  knowledge 
of  aerial  pressure,  it  is  obvious,  that  engineers  who  visit  Mexico,  and  the 
upper  regions  of  South  America,  &c.  might  get  into  a  quandary  greatly 
more  perplexing  than  that  in  which  the  Florentine  was,  when  he  applied 
to  Gaiiieo :  but  we  believe  the  period  has  nearly  gone  by,  for  mechanics 
to  remain  ignorant  of  those  principles  of  science,  upon  which  their  profes 
pions  are  based. 

It  perhaps  may  be  asked,  Were  the  limits  to  which  water  can  be  raised 
by  the  atmosphere  not  known  before  Galileo's  time  1  Undoubtedly  they 
were.  Pump  makers  must  always  have  been  acquainted  with  them ;  al- 
though philosophers  might  not  have  noticed  the  fact  or  paid  any  attention 
to  the  subject.  Why  then  did  the  Italian  artists  make  such  a  one  as  that 
to  which  we  have  referred  1  Simply  because  they  were  ordered  to  do 
so,  as  any  mechanic  would  now  do  under  similar  circumstances :  at  the 
same  time  they  declared  that  it  would  not  raise  the  water,  although  they 
could  not  assign  any  reason  for  the  assertion.  It  was  indeed  impossible 
for  ancient  pump  makers  to  have  remained  ignorant  of  the  extent  to  which 
their  machines  were  applicable.  A  manufacturer  of  them  would  naturally 
extend  their  application,  as  occasions  occurred,  to  wells  of  every  depth, 
until  he  became  familiar  with  the  fact  that  the  power  which  caused  the 
water  to  ascend,  was  limited — and  until  he  detected  the  limits.  After 
using  a  pump  with  success,  to  raise  water  twenty-five  or  thirty  foet, 
when  he  came  to  apply  it  to  wells  of  forty  or  fifty  feet  in  depth  witliout 
lengthening  the  cylinder,  he  would  necessarily  learn  the  important,  and 
to  him  mysterious  fact,  that  the  limits  were  then  exceeded :  and  after 
probably  going  through  similar  examinations  and  consultations,  as  those 
which  took  place  at  Florence  in  the  17th  century,  the  unvarying  result 
would  become  so  firmly  established,  that  every  workman  would  learn  it 
traditionally,  as  an  essential  part  of  his  profession  :  and  if  in  succeeding 
ages,  the  knowledge  of  it  became  lost,  the  experience  of  every  individual 
pump  maker  must  have  soon  taught  him  the  same  truth.  Attempts  then 
similar  to  those  of  the  Florentine  engineer  occurred  frequently  before,  but 
leadiug  to  no  important  result,  the  particulars  of  them  have  not  been  pre- 
served J  nor  is  it  probable  that  those  relating  to  the  Italian  experiment 
woiild  have  been,  had  not  the  father  of  modern  philosophy  beer  'consulted, 
and  liad  not  his  pupil  Tomcelli  taken  up  the  subject 
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iceient  Experlmenlt  on  air— Variom  application*  of  it— Siphons  need  in  ancient  EffptF— Priaytiira 
raperimentt  vitii  vefMls  inverted  in  water— Snvpeniion  or  liquids  in  them — Ancient  atnio«ph(>ric  sprink- 
iMf  pot— Waierinf  Gardens  with  it^Probably  referred  to  by  St.  Paul  and  also  by  Shakespeare— Olaas 
aprinkliag  vessel,  and  a  wine  taster  from  Pompeii— Relifious  uses  of  sprinklinf  pots  amony  the  ancient 
eeiAiieo— Fifure  of  one  Anom  Ho^tfaucon— Vestals— Miracle  of  Tutia  carryinf  water  in  a  siere,  describ- 
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Not  withstanding  the  alledged  ignorance  of  the  ancients  respecting  the 
phv sisal  properties  of  the  atmosphere,  there  are  circumstances  related  in 
bibtory  which  seem  to  Indicate  the  reverse  ;  or  which,  at  any  rate,  show 


192  Ancient  Experiments  on  Air,  [Bcolc  l1 

that  air  waa  a  frequent  subject  of  investigation  with  their  philosophers, 
and  that  its  influence  in  some  natural  phenomena  was  well  understoocL 
Thus  Diogenes  of  ApoNonia,  the  disciple  and  successor  of  Anaximenes, 
reasoned  on  its  condensation  and  rarefaction.  According  to  Aristotle,  Em- 
pcdocles  accounted  for  respii*ation  in  animals  by  the  weight  of  the  air, 
which  said  he,  "  by  its  pressure  insinuates  itself  with  force  into  the  lungs." 
Plutarch  expresses  in  the  very  same  terms,  the  sentiments  of  Asclepiades, 
representing  him  among  other  things  as  saying  that  the  external  air,  "  by 
its  weightj  opened  its  way  with  force  into  the  breast."  Lucretius,  in  ex- 
plaining the  property  of  the  loadstone  in  drawing  iron,  observed  that  it 
repelled  the  intervening  air  betwixt  itself  and  the  iron,  thus  forming  & 
vacuum,  when  the  iron  is  "  pushed  on  hy  the  air  behind  it,**  Plutarch 
was  of  the  same  opinion.*  Vitruvius  speaks  of  the  pressure  of  air,  Arch, 
book  viii,  cap.  3.  When  Flaminius,  during  the  celebration  of  the  Isthmi- 
an games,  proclaimed  liberty  to  the  Greeks,  the  shout  which  the  people 
gave  in  the  transport  of  their  joy  was  so  great,  that  some  crows,  which  hap- 
pened to  be  then  flying  over  their  heads,  fell  down  into  the  theatre.  Plu- 
tarch among  other  explanations  of  the  phenomenon,  suggests,  that  the 
**  sound  of  so  many  voices  being  violently  strong,  the  parts  of  the  air  were 
separated  by  it,  and  a  void  left  which  afforded  the  birds  no  support."** 

But  if  the  ancients  did  not  detect  or  comprehend  the  direct  pressure  of 
the  atmosphere,  they  were  not  ignorant  of  its  eflFccis,  or  of  the  means  of 
exciting  it.  They  in  fact  employed  air  in  many  of  their  devices  as  success- 
fully as  the  moderns.  They  compressed  it  in  air  guns,  and  weighed  it  in 
bladders ;  its  elasticity  produced  continuous  jets  in  their  fountains  and 
force  pumps,  in  the  same  manner  as  in  ours ;  by  its  pressure,  they  raised 
water  in  syringes  and  pumps,  and  transferred  it  through  siphons,  precisely 
as  we  do;  they  excluded  its  pressure  from  the  upper  surface  of  water 
in  their  sprinkling  pots,  and  ailmitied  it  to  empty  them,  as  in  the  modern 
liquor  merchant's  taster.  That  they  had  condensing  air  pumps  is  evident 
from  the  tcindgunso?  Ctesibius,  as  well  as  others  described  by  Vitruvius, 
b.  X,  cap.  13  ;  and  it  is  probable  that  they  employed  air  in  numerous  other 
muchines  and  for  other  purposes,  but  of  which,  from  the  loss  of  their 
writings,  no  account  has  been  preserved.  See  Vitruvius,  book  x,  cap.  1, 
where  some  are  referred  to,  and  Pliny  Nat.  Hist,  book  xix,  cap.  4. 

It  w^ould  be  in  vain  to  attempt  to  discover  the  origin  of  devices  for 
raising  liquids  by  the  pressure  of  the  atmosphere,  for  it  would  require  a 
knowledge  of  man  and  of  the  state  of  the  arts,  in  those  remote  ages  of 
which  no  record  is  extant.  That  machines  for  the  purpose  Arere  made 
long  before  the  commencement  of  history  is  certain,  fbr  recent  discov- 
eries have  brought  to  light  the  highly  ir.teresting  fact,  that  sip/ions  were 
known  in  Egypt  1 450  years  before  our  era,  i.  e.  3290  years  ago  !  At 
which  period  too  they  seem  to  have  been  in  more  common  use  in  that 
country,  than  they  are  at  this  day  with  us.  [See  Book  V,  for  an  account 
of  these  instruments.] 

The  retention  of  water  in  ini>erted  vessels  while  air  is  excluded  from 
them,  could  not  have  escaped  observation  in  the  rudest  ages.  Long  er^ 
natural  phenomena  had  awakened  curiosity  in  the  human  mind,  or  roused 
the  spirit  of  philosophical  inquiry  and  research,  it  must  have  been  noticed 
When  a  person  immerses  a  bucket  in  a  reservoir  and  raises  it  in  an  in 
verted  position,  he  soon  becomes  sensible  that  it  is  not  the  weight  of  ihe 
vemel  merely  which  he  has  to  overcome^  but  also  that  of  the  water  within 

*  Duten'a  Inquiry  into  the  Origin  of  the  Discoveries  attributed  to  the  Moderm. 
17G9  pp.  18C,  187  303.    ^  Life  o7  Flaminiai. 


Ckap.  3.]  Sprinkling  Pot.  l&a 

It;  ana  rot  till  ihe  moutl  emerges  into  air  do  the  contents  rusli  out  and 
leave  the  b  ^.cket  alone  in  his  hands.  This  is  one  of  those  circumstanced 
that  has  occurred  more  or  less  frequently  to  most  persons  in  every  age.  It 
would  be  absurd  to  suppose  that  the  groups  of  oriental  females  who, 
fronc  the  remotest  times,  have  assembled  twice  a  day  to  visit  the  fountains 
or  rivers  for  water,  did  not  often  perform  the  experiment,  both  incidentally 
and  by  design.  They  could  not  in  fact  plunge  their  water  pots  (which  were 
often  without  handles^  into  the  gushing  fount  without  occasionally  repeating 
't;  nor  cjuld  Andromache  and  her  maids  till  buckets  to  water  the  horses 
of  Hector,  and  daily  charge  pitchers  in  the  stream  for  domestic  uses,  with- 
out being  sometimes  diverted  by  it.  But  the  phenomenon  thus  exhibited 
was  not  confined  to  such  occasions;  on  the  contrary,  it  constantly  occurred 
in  e^ery  dwelling;.  An  ancient  tloraestic  like  a  modern\house-maid,  could 
hardly  wash  a  cup  or  rinse  a  goblet  by  iimnei'^ont  without  encountering  it. 
Besides  the  vessels  named,  there  were  others  that  formed  part  of  the  or- 
dinary kitchen  furniture  of  the  ancients,  (see  figures  of  some  on  page  16) 
the  daily  use  of  which  would  vary  and  illustrate  it.  These  were  long 
necked  and  narrow  mouthed  vases  and  bottles,  that  retained  liquids  when 
inverted  like  some  of  our  vials.  Others  were  still  further  contracted  in 
the  mouth,  as  the  Ampulla^  which  gave  out  its  contents  only  by  drops. 
To  the  ordinary  use  of  these  vessels  and  to  incidental  experiments  made 
with  them,  may  be  traced  the  origin  of  out  fountain  lamps  and  inkstands, 
bird  fountains,  and  other  similar  applications  of  the  same  principle. 

The  sus{)ension  of  a  liquid  in  inverted  vessels  Iw  the  atmosphere,  was 
therefore  well  known  to  the  early  inhabitants  of^  the  world,  whether 
they  understood  the  reason  of  its  suspension  or  not;  and  when  in  subse 
quent  times  philosophers  began  to  search  into  causes  and  effects,  the  phe- 
nomenon was  well  calculated  to  excite  their  attention,  and  to  lead  them  to 
inquiries  respecting  air  and  a  vacuum :  it  is  probable  that  it  did  so,  for  the 
earliest  experiments  on  these  subjects,  of  which  we  have  any  accounts, 
were  similar  to  those  domestic  manipulations  to  which  we  have  alluded, 
and  the  principal  instrument  employed  was  simply  a  modiBcation  of  a  gob- 
let inverted  in  water.  This  was  the  atmospheric  *  sprinkling  pot^  or 
•  watering  siphon,'  which  is  co  o^ten  referred  to  by  the  old  philosophers, 
in  their  disputes  on  a  flenum  zxi'i  &  VQ^^um,  It  has  long  been  obsolete, 
and  not  having  beer,  noticed  by  modern  autliors,  few  general  readers  are 
aware  that  such  an  in3trument  was  ever  in  use,  much  less  that  it  formed 
part  of  the  philosophical  apparatus  of  the  ancient  world. 

The  interesting  associations  connected  with  it  and  its  moditications  en- 
title it  to  a  place  here.  Indeed  were  there- no  other  reason  for  attempting 
to  preserve  :.'  a  little  longer  from  oblivion,  than  that  indicated  at, the  close 
of  the  laf;  j'aragraph,  we  should  not  feel  justified  in  passing  it  by.  It  is 
moreover,  i^r  alight  that  is  known  to  the  contrary,  the  earliest  instrument 
employed  j:  iiyd?o-pneumatical  researches.  Its  general  form  and  uses 
may  be  galr.ered  from  the  remarks  of  Athenagoras  respecting  it.  This 
philosopher,  who  flourisVied  in  the  fifth  century,  B.  C.  made  use  of  it  to 
illustrate  his  views  of  a  vacuum.  "  This  instrument  (says  l»e)  which  is 
acuminated  or  pointed  towards  the  top,  end  made  of  clay  or  any  other 
material,  (and  used  as  it  often  has,  ^ot  tire  waterinp:  of  gardens)  is,  in  the 
bottom  very  large  and  plain  [flatl  bat  fuli  of  Eradil  holes  like  a  sieve,  but 
al  :he  top  has  only  one  large  hcle."*  When  It  was  pluiigod  in  water,  the 
liquid  entered  through  the  numerous  holes  in  its  bottom ;  after  which 
the  single  opening  at  tup  was  closed  by  the  finger  to  exclijde  the  air;  the 


•  Aa  quoted  by  Switzer  from  Bockler,  Hyd.  167. 
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7esBeI  end  iu  contents   were   lh«n   raised,   and   the  latter  digcharged  U 
pleasure  by  removing  the  finger. 

Aa  this  was  the  ancient  garden  pot  of  the  Greeks,  Pliny  probably   lo- 
""srs  to  it  when  he  speaks  of  '  sprinkling'  water,  oil,  vinegar,  &<;.  on  plant* 
and  roots*     It  appears  to  have  been  continued  in  use   for   such   purposes 
in  Europe,  through  the  middle  ages  ;  and  to  a  limited  extent  up  to  the  17lh 
and  ISth  centuries.''     Figures  of  it  are,  however,  rarely  to   be  mel   with. 
[l)r  it  seems  to  have  been  nearly  forgotten  when   the  discovery   of  Torn- 
celli  revived  the  old  discussions  on  a  vacuum;  and  though  Boyle  and  others 
then  occasionally  referred  to  it,  few,  we   believe,  gave   its  figure*      Mont- 
faucon    speaks   of  examining   an    ancient  '  watering    stick,'    and    altio    a 
'  sprinkling   pot,'  but   unfortunately   he  has  not  describod  either.*     Of 
a  great    number  of   old  philosophical    works   that 
we  have  examined  for  the  purjKise  of  obtaining  a 
figure,  we  met  with  it  only  in   Fludd's  works.     The 
annexed  cut  is  from  his  De  Naturee  Simla  seu  Tech- 
nica  macrficosmi  historia.'    Oppenheim,  1618,  p.  473. 
The  mode  of  using  it  is  too  obvious  to  require  expla- 
nation.    It  was  pushed  into  water  in  the  position  re- 
presented ;  the  liquid  entered  through  the  openings 
in  the  bottom,  driving  the  air  out  of  the  small  orifice 
at  the  top;  and  when  it  was  filled,  the  person  using 
it  placed  his  finger  or  thumb  on  the  orifice   and   then 
moved   the   vessel   over   the  plants,  &c.  he  wished  ti> 
water ;  discharging  the  contents  by  raising  the  linger. 

The  application  of  this  instrument  aa  a  '  garden  pot'  may  sometimes  bo 
found  portrayed  in  devices,  rebuses,  vignettes,  Ac.  of  old  printers.  In 
the  title  page  of  Godwin's  Annals  of  Henry  VIII,  Edward  VI.  and 
Mary,  {a  thin  latin  folio  published  in  Uil6)  it  is  represented.  No.  70  is  a 
copy.  There  is  a  similar  engraving  on  the  title  page  of  a  volume  on 
farming,  &c.  entitled  '  Maison  Ilus[i<]Ue,'  translated  from  the  French,  and 
publishet'  in  London  by  John  Islip,  tlie  same  year. 


No.  TO.    Waurinf  pluiu  with  t)i<  Alooapkarle  Spriokliiig  Pou 
Independently  of  the  sprinkling  pot,  the  cut  is  interesting  as  exhihiting 

■N«l.lli«t.  jvii.ll  Slid  28;  iii.l2;  and  «y,  17.  >  DLctionnaire  De  TrevDui,  .4n 
\rroH>ir.  '  l)avle'«  Philoxnpliical  works,  by  Shaw,  Lon.  1T!J5.  Vol.  u,  pp.  14U  IW 
'iMlian  Diarv,  Lon.  1725  295. 
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the  ancisnt  mode  of  transplanting.  It  appears  that  tuo  men  were  gener- 
ally empk  ved  in  the  operation  ;  one  to  set  the  trees  or  plants,  and  another 
to  water  them ;  a  custom  to  which  St.  Paul  alludes  in  1  Cor.  iii,  6^8. 
Sometimes  '  he  that  watered'  used  two  pots  at  the  same  lime,  holding  one 
iz.  each  hand.  As  these  vessels  were  not  wholly  disused  in  Shakespeare 'b 
time,  it  ;s  probable,  that  to  them  he  refers  in  Lear : 

Why,  this  would  make  a  man,  a  man  of  salt,  [tears] 

To  use  his  eyes  for  garden  water  pots.  Act  4.  Seem  6. 

Modifications  of  them  were  adapted  to  various  purposes  by  the  ancients. 
Thev  were  used  to  drop  water  on  floors  in  order  to  lay  the  dusl,  in  both 
Greek  and  Roman  houses.  Their  general  form  was  that  of  a  pitcher  or 
vase,  and  their  dimensions  varied  with  their  uses.  Some  of  the  small- 
est had  but  a  single  hole  in  the  bottom.  They  formed  part  of  the  ordin- 
ary culinary  apparatus,  and  were  also  used  in  religious  services.  Among 
the  antiquities  disinterred  at  Pompeii,  some  have  been  found.  No.  71 
represents  one :  it  is  of  glass,  the  upper  part  of  the  tube  or  neck  is  want 
ing,  having  been  broken  off.  Perhaps  this  part  resembled  the  form  indi- 
cated by  the  dotted  lines  which  we  have  added. 

No.  72,  also  of  glass, 
has  been  pronounced  *  a 
wine- taster,  the  air  hav- 
ing: been  exhausted  bv 
sucking  at  the  small  end.* 
It  is  more  likely  that  the 
wide  part  was  inserted  in- 
to wine  jars  or  amphorsft, 
and  the  cavity  filled  with 
that  lirr'id  precisely  as  in 
the  sprinkling  pot,  and 
samples  then  withdrawn 
by  closing  *.he  small  ori- 
fice with  the  finger  as  in  the  modern  instrument,  which  is  ahewn  at  No 
76,  and  as  in  the  dropping  tube,  one  form  of  which  is  figured  at  No.  77. 
The  general  form  of  No.  72  assimilates  it  to  those  drinking  vesbels  of  the 
ancients,  which  they  held  at  a  distance  in  front,  and  directed  the  stream 
issuing  from  the  small  end  of  tlie  vessel  into  the  mouth ;  a  mode  still 
practised  in  some  parts  of  the  Mediterranean,  and  by  the  natives  of  Ceylon, 
Sumatra,  Malabar,  &c. 

One  of  the  most  singular  facts  connected  with  the  religious  institutions 
of  the  ancient  heathen,  was  the  extent  to  which  they  carried  the  practice 
of  sprinkling:  almost  every  thing  was  thus  purified;  men,  animals,  trees, 
water,  houses,  food,  clothing,  carriages,  &c.  In  performing  the  ceremony 
various  implements  were  used  to  disperse  the  sacred  liquid.  A  wisp 
made  of  horse  hair  attached  to  a  handle  was  common.  A  branch  frorn 
certain  trees,  and  sometimes  a  small  broom,  were  used ;  in  other  cases 
perforated  vessels  were  employed.  Thus  the  Bramins  in  some  ceremonies 
take  a  vessel  of  water,  and  after  presenting  it  to  the  gods,  they  sprinkle 
the  liquid  with  manguier  leaves,  on  carriages,  animals,  &c.  ir  others  it  is 
**  sprinkled  through  a  cullender  with  a  hundred  holes  on  he  head  of 
the  father,  mother  and  child."*  The  priests  of  the  ancient  Scu'^dinavians 
also  used  a  vessel  "  prepared  like  a  watering  pot,  ^^  'th  which  they 
sprinkled  the  altars,  the  pedestals  of  their  gods,  and  also  the  men.*'*»     The 

*  Sonncrat's  Voyajres.  Vol.  i,  r.VI  and  Vol.  ii,  97.  ^  Snorro'i  History  of  S«:andiiiavia 
V\ie  chapter  upon  sacrifices  is  translated  in  Arderson  s  '  Bee  '  vol.  iy\,  p.  20,  tUiia 
Virgn.  J793 
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Na  71.       Sprinkler  and  Wine-tatter  both  from  Pompeii. 
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Jewish  priests  commonly  used  a  branch  of  hyssop,  but  occasionally  a 
niece  of  wool,  and  sometimes  the  fingers.  "  The  priest  shall  dip  his  finger 
m  the  oil  and  sprinkle  it."  The  Greeks  and  Romans  had  not  only  founts 
or  vases  of  holy  water  In  their  temples  for  the  use  of  worshippers,  who 
dipped  their  fingers  into  them,  as  Roman  catholics  and  others  ao  at  this 
day  ;  but  on  particular  occasions,  priests  or  officers  attended  to  purify  the 
people  by  sprinkling.  Thus,  when  the  Emperor  Julian  visited  the  temple 
at  Antioch,  the  Neocori  stood  on  each  side  of  the  doorway  to  purify  with 
lustral  water  all  who  entered.  Valentinian,  who  was  afterwards  raised  to 
the  empire,  was  then  captain  of  Julian's  guard,  and  as  such  walked  in 
front.  He  was  then  a  christian,  and  some  of  the  water  having  been 
thrown  upon  him,  he  turned  and  struck  the  priest,  saying,  that  the  water 
rather  polluted  than  purified ;  at  which  the  emperor  was  so  enraged  that 
he  immediately  banisned  him. 

Now  whether  the  fingers  or  light  bio.i  ns,  &c.  were  used  on  such  occa- 
sions we  do  not  know  ;  but  there  were  others  at  which  the  former  cer- 
tainly were  not.  When  the  emjierors  dined,  not  only  their  persons  and 
table  furniture,  but  i\\efood  also  was  purifvjd  with  lustral  water.  At  the 
feast  of  Daphne  near  Antioch,  which  lastCii  seven  days,  we  lear/i  that 
a  neochorus  stood  by  the  emperor's  seat,  and  sprinkled  the  dishes  and 
meats  *  as  usual.'  How  was  this  water  dispersed  1  Certainly  not  by  the 
fingers ;  nor  is  it  likely  that  a  wisp  or  a  broom  was  employed,  since  it 
would  be  difficult  to  direct  the  small  shower  with  sufficient  precision  on  the 
smaller  objects.  We  have  made  these  remarks  for  the  purpose  of  intro- 
ducing the  figure  of  an  ancient  sprinkling  ves- 
sel, from  the  third  volume  of  Montfaucon's 
Antiquities.  It  was  supposed  by  him  to  have 
belonged  to  the  table  or  kitchen,  but  its  spe- 
cific use  he  could  not  conjecture.  It  is  evi- 
dently a  modification  of  the  atmospheric  gai 
den  pot,  and  it  appears  admirably  adapted  fo" 
No.  73.    Roman  SprinkUng  Vaie.    dispersing  liquid  perfumes  or  lustral  water  at 

the  table.  The  ring  is  adapted  to  receive  the^ 
forefinger,  while  the  thumb  could  close  the  small  orifice,  and  thus  the  con- 
tents might  be  retained  or  discharged  at  pleasure. 

A,mong  other  heathen  customs  that  were  long  retained  in  the  christian 
church,  was  this  practice  of  sprinkling.  Peter  Martyr  exclaims  against  a 
certain  class,  "  who  not  only  consecrate  temples  themselves,  but  also  altars 
and  coverings  to  the  altars ;  I  nieane  the  table  clothes  and  napkins,  and 
also  the  chalices  and  patins,  the  massing  garmentes,  the  churchyardes,  the 
waxe  candles,  the  frankincense,  the  pascal  lambe,  eggs,  and  also  holie  wa- 
ter; the  boughes  of  their  palm  trees,  yong  springes,  grassJ,  pot-hearbes, 
and  finally  all  kinds  of  Iruites."  **  They  doe  sprinkle  houses,  deade  bodies, 
churchyardes,  eggs,  flesh,  pothearbes,  and  garmentes."* 

Of  all  the  transactions  connected  with  heathen  theology,  few  eve; 
made  a  greater  noise  in  ancient  Rome  than  one  that  is  connected  with  thi6 
part  of  our  subject;  viz.  the  miracle  by  which  Tutia  the  vestal  saved  her 
life.  It  was  a  religious  custom  among  all  the  nations  of  old,  to  keep  sa- 
cred Jlre  in  the  temples  of  their  deities.  In  some,  lamps  were  kept  burning, 
in  others  fuel  kindled  on  the  altars.  In  the  temples  of  Jupiter-Ani- 
mon,  Apollo,  Minerva,  and  some  other  deities  were  lamps  constantly 
burning.  The  Israelites  were  to  cause  the  lamps  to  "  burn  continually," 
besides  which,  "the  fire  shall   ever  be  burning  upon  the  altar:  it  shall 

*  Common  Places,  part  iv,  cap.  9. 
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never  go  out."  Levlt.  vi,  13.  The  practice  is  still  kept  up  by  the  Jews 
and  also  by  Roman  catholics.  The  origin  of  the  custom  is  unknown;  but 
the  Jews,  Persians,  Greeks,  &c.  are  generally  supposed  to  have  derived  it 
from  the  Egyptians.  Upon  the  consecration  of  a  temple,  this  '  holy  fire' 
was  not  obtained  from  ordinary  sources,  i.  e.  from  other  fires,  but  was  pro 
liuced  by  the  rubbing  of  two  sticks  together;  or,  according  to  Plutarch, 
was  drawn  directly  from  the  sun.  '  "If  it  happen  (he  observes  in  his  Life 
of  Nuha)  by  any  accident  to  be  put  out,  as  the  sacred  lamp  is  said  to 
liave  been  at  Athens,  under  the  tyranny  of  Aristion — at  Delphi,  when 
the  temple  was  burned  by  the  Modes — and  at  Rome  in  the  Milhridatic,  as 
also  in  the  civil  war,  when  not  only  the  fire  was  extinguished  but  the 
altar  itself  overturned — it  is  not  to  be  lighted  ag-ain  from  another  fire,  but 
new  fire  is  to  be  gained  by  drawing  a  pure  and  unpolluted  flame  from 
the  beams  of  the  sun.  This  is  done  generally  with  concave  vessels  of 
brass." 

Among  the  Romans  a  certain  number  of  virgins  were  consecrated  with 
solemn  ceremonies  to  the  Goddess  Vesta.  They  were  named  vestals, 
and  it  was  their  peculiar  duty  to  take  charge  of  the  «acred  fire.  They 
wrre  greatly  honored  for  their  purity  and  the  importance  of  their  office. 
**  What  is  there  in  Rome,  (exclaimed  Tiberius  Gracchus  in  Iiis  address  to 
the  people)  so  sacred  and  venerable  as  the  vestal  virgins  who  keep  the 
perpetual  fire  1"  The  most  valuable  and  sacred  deposites  were  often 
placed  in  their  hands  for  security.  The  wills  of  rich  Romans  were 
sometimes  committed  to  their  care ;  hence  we  read  of  Augustus 
forcing  from  them  that  of  Antony,  while  the  latter  was  in  Egypt.  The 
vestals  enjoyed  many  privileges;  among  others,  when  tbey  went  abroad, 
the  fasces  (emblems  of  authority)  were  carried  by  a  lictor  before  them  ; 
and  it  was  death  for  any  one  to  go  under  the  litter  or  chair  in  which  they 
were  carried  ;  and  if  they  met  a  criminal  going  to  execution,  his  life  was 
8[)ared.  The  vestal  daughter  of  Appius  Claudius  protected  him  from 
lM»ing  arrested  by  the  Tribunes.  On  the  other  hand,  they  were  punished 
with  extreme  rigor  if  found  to  have  broken  any  of  their  vows.  To  per- 
mit the  perpetual  or  holy  fire  to  go  out  was  an  unpardonable  act,  for  it 
was  believed  to  betoken  some  national  calamity,  and  if  one  was  found 
guilty  of  unchastity  she  was  buried  alive.  "  The  criminal  (says  Plutarch) 
is  carried  to  punishment  through  the  forum  in  a  litter,  well  covered  with- 
out, ajid  bound  up  in  such  a  manner  that  her  cries  cannot  be  heard.  The 
people  silently  make  way  for  the  litter  and  follow  it  with  marks  of  ex- 
treme sorrow  and  dejection.  There  is  no  spectacle  more  dreadful  than 
this,  nor  any  day  which  the  city  sjiends  in  a  more  melancholy  manner. 
When  the  litter  comes  to  the  place  appointed  the  officers  loose  the  cords, 
the  high  priest  with  hands  lifted  up  towards  heaven  offers  some  private 
prayers  just  before  the  fatal  minute;  then  takes  out  the  prisoner,  who  is 
covered  with  a  veil,  and  places  her  upon  the  steps  which  lead  down  into 
the  cell,  [grave;]  after  this  he  retires  with  the  rest  of  the  priests,  and  when 
she  is  gone  down,  the  steps  are  taken  away  and  the  cell  is  covered  with 
earth,  so  that  the  place  is  made  level  with  the  rest  of  the  mount."  [Life 
of  Nuraa,  Langhorne's  Trans.] 

Tutia,  who  was  accused  of  incontinence,  in  order  to  avoid  the  horrid  pen- 
alty, passionately  called,  or  affected  so  to  call,  upon  the  goddess  Vesta, 
to  establish  hy  a  miracle  her  innocence.  "  Enable  me  (she  cried)  to  tnke 
a  SIEVE  full  of  water  from  the  Tyber,  and  to  carry  it  full  to  thy  temple." 
L'pon  this  appeal  her  trial  was  stayed,  and  it  was  left  to  the  deity  slie 
had  iiivcked,  to  save  her  or  not;  for  such  a  proof  of  the  falsehood  of  her 
accusers    could   not^  if  it  should    take  place,  be   resisted.      The   result 
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Wda  slie  succeetled  in  oarrjiug  ilio  water,  and  tlieroby  not  only  saved  hei 
life,  bul  greatly  increased  her  reputation  for  sanclity.  From  ihe  impep. 
feet  accounts  of  the  transaction  that  have  reached 
us.  It  may  perhaps  be  deemed  prcsumptuiiua  to 
decide  on  Its  reai  character.  That  it  actually  oc- 
curred there  can  be  no  dnubl.  It  is  incorporated 
with  hoth  the  history  and  the  arts  of  the  Itnmatis. 
It  is  mentioned  by  Valerius  Maximus,  by  Piiny 
and  Livy:  rep  rcse  mat  ions  of  Tutia  carrying  the 
sieve  were  also  embodied  in  sculptures,  in  statues, 
and  engraved  on  gems.  The  annexed  figure  was 
copied  from  one  of  the  latter.  It  is  from  the  first 
volume  of  Monifaucon's  Aniiijuities,  Plate  88. 

As  the  feat  therefore  was  certainly  peiformed, 
il  must  have  been  either  by  natural  or  by  superna- 
tural means.  Some  writers  have  admitted,  and  Sl 
Augustine  among  them,  that  the  tairach:  was  a  ge- 
nuine one;  but  there  are  circumstances  sufficient 
.VO.H.  T»m  urtyiBf  tVi-  *"  ^^°'^  ^^^^  '''^  whole  was  a  well  conceived  and 
ur  ■■■Si***.  neatly  executed  trick,  on  the  part  of  Tutia  and  her 

friends;  and  further,  that  ii  was  a  much  more 
simple  one,  than  other  deceptions  to  which  the  heathen  priests  some- 
times hsul  recourse.  It  possesses  considerable  Interest  however  as  fur- 
nishing another  specimen  of  their  proficiency  in  scientific  juggling  and 
natural  magic.  To  say  nothing  of  the  absurdity  of  admilling  a  divine 
interposition,  in  answer  to  invocations  addressed  to  a  heathen  goddess — 
and  of  the  improbability  of  Tutia  being  condemned  while  innoceni;  ihere 
certainly  waa  something  suspicious  in  her  undertaking  lo  select  iho  Irtt  for 
the  goddess,  and  especially  such  a  one  as  that  of  carrying  water  in  a 
sieve.  Instead  of  asking  for  a  sign  by  water,  it  would  have  been  more 
appropriate  and  more  natural  in  her  (if  sincere)  lo  have  prayed  lor  one  by 
fire — by  that  element  which  was  the  syml>ol  of  the  deity  she  invoked,  and 
which  it  was  her  peculiar  duty  to  attend  at  the  altar  and  preserve  pure — 
the  element  too,  which,  if  the  accusation  was  true,  she  had  polluted  ;  be- 
sides, a  token  by  fire  was  always  considered  by  the  heallien  as  the  strung, 
est  evidence  of  divine  approbation.  What  prompted  her  then  lo  mention 
the  test  of  the  sieve  1  Doubtless  because  the  device  by  which  it  was  to 
be  performed  was  already  matured;  not  by  the  assistance  of  Vesta,  bul 
by  a  very  simple  contrivance  furnished  her  by  the  priests,  from  their  slot  es 
of  philosophical  and  other  apparatus  with  which  they  wrought  their  won- 
ders belbre  the  people. 

The  contrivance  was,  we  presume,  a  modification 
of  the  ancient  sprinkling  pol,  just  descrilied.  The 
employed  would  therefore 
is,  its  bottom  and  sides  wen 
...  .1  exterior  botiom  only  being  perforated, 
(t'lil  nexed  cut,  which  represents  a  double  m 
''  the  inner  one  being  capable  of  hoMin 
the  upper  edges  of  both  united  and  mt 
*'air  tigh;,  with  the  exception  of  one  or 
small  openings  shown  on  the  edge  i 
.3  when  such  a  sieve  was  pressed  slowly  under  water,  die 
enter  throush  the  perforated  bottom,  drive  the  air  before  it, 
caviiv  ;  and  when  the  upper  part  was  sunk  below  the  surface,  the  upjKT  or 
■  prarent  sieve  would  also  be  filled.     Then  by  covering  thf  tmaU  optniMg 
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tcifh  (he  thumb,  die  vessel  might  be  raised  out  of  the  river,  the  watei 
in  the  cavity  being  suspended  precisely  as  in  Nos.  69  and  70,  so 
that  Tutia  might  return  with  it  to  the  temple,  and  on  approaching  the 
altar,  by  imperceptibly  sliding  her  thumb  to  one  side,  the  air  would  enter 
the  opening  thus  exposed,  and  the  contents  of  the  cavity  would  descend 
in  a  shower,  to  the  amazement  of  the  spectators  and  to  the  confusion  of 
her  adversarioj.  AVith  such  an  instrument  she  might  go  with  that  confi- 
dence to  the  trial,  which  she  is  represented  to  have  felt,  being  fully  con- 
vinced of  success.  While  she  was  in  the  act  of  carrying  the  water,  the 
spectators  would  be  unable  to  detect  the  slightest  imposition,  or  if,  from 
the  elevation  at  which  she  seems  to  have  borne  it,  the  bottom  of  the  sieve 
was  exposed,  it  would  be  more  likely  to  confirm  them  in  the  belief  of  the 
miracle,  as  her  movements  woiild  cause  the  suspended  water  to  appear 
at  the  openings ;  but  it  is  more  probable  tfiat  they  were  kept  at  too  great  a 
distance  by  the  managers  of  the  farce,  to  afford  them  any  oj>portunity  of 
exercising  an  undue  curiosity.  And  when  the  trial  was  over,  the  sieve 
would  be  secured  by  those  in  the  secret,  who  would  have  one  similar  in 
appearance  ready  for  examination  whenever  required. 

Few  devices  are  better  adapted  to  demonstrate  the  suspension  of  water 
by  the  atmosphere,  than  those  little  instruments  which  chemists  and  deal- 
ers in  ardent  spirit  use,  to  examine  their  various  liquids.  Those  of  the 
former  are  named  *  dropping  tubes,'  from  the  small  quantities  they  are  de- 
signed to  take  up,  and  the  latter  'liquor  tasters:'  both  are 
substantially  the  same,  for  they  differ  merely  in  form  and  di- 
mensions. Some  curious  experiments  may  be  made  with  them. 
For  example,  a  series  of  liquids  similar  in  appearance  but 
differing  from  each  other  in  specific  gravity,  and  such  as  do 
not  readily  mix,  may  be  placed  in  a  glass  or  other  vessel,  so 
as  to  form  separate  layers,  the  heaviest  at  the  bottom,  and  the 
lightest  reposing  on  the  top.  An  expert  manipulator  may 
then  by  a  taster  (No.  76)  withdraw  a  portion  of  each,  and 
present  to  the  examination  of  his  audience  from  the  same  ves 
Liquor  Taster  sel,  samples  of  different  wines,  ardent  spirits,  water,  &c.  Theru 
n      °'**»P  I     is  reason  to  believe  that  the  ancient  professors  of  les^erdemain 
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were  well  acquainted  with  such  devices.  It  is  possible  that 
the  trick  performed  by  a  Chinese  juggler  before  the  Russian  embassy  at 
Pekin,  in  the  last  century,  was  of  the  kind.  It  is  thus  describea  oy  Mr. 
Bell:  "  The  roof  of  the  room  where  we  sat  was  supported  by  wooden 
pillars.  The  juggler  took  a  gimblet,  with  which  he  bored  one  of  the  pil- 
lars and  asked  whether  we  chose  red  or  white  wine  1  The  question  being 
answered,  he  pulled  out  the  gimblet  and  put  a  quill  in  the  hole,  through 
which  ran  as  from  a  cask  the  wine  demanded.  After  the  same  manner  he 
extracted  several  sorts  of  liquors,  all  which  I  had  the  curiosity  to  taste, 
and  found  them  good  of  the  kinds."     Bell's  Travels.  Lon.  1761,  vol.  ii,  28. 

Peter  Martyr  speaks  of  old  jugglers  that  "  devoure  bread,  and  imme- 
diately spit  out  meale;  and  when  they  have  droonke  wine,  they  seem  pres- 
ciitlie  to  poure  the  same  out  of  the  midst  of  their  forehed." 

There  are  numerous  intimations  in  history  that  hydrodynamics  was  one 
of  the  most  fruitful  sources  of  scientific  imposture,  to  which  ancient  magi- 
cians had  recourse.  Besides  the  sieve  of  Tutia,  the  cup  of  Tantalus,  and  the 
Divining  cup,  there  were  "the  marvellous  fountain,  which  Pliny  describes, 
n  the  island  of  Andros,  which  discharged  wine  fcr  seven  days  and  wate» 
during  the  rest  of  the  year — the  spring  of  oil  which  broke  out  in  Rome 
to  welcome  the  return  of  Augustus  from  the  Sicilian  war — the  ihre<j 
empty  urns  that  filled  themselves  with  wine  at  the  annual  feast  of  Bacchus 
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in  the  city  of  Ellis — the  glass  tomb  oi  Belus  which  was  full  of  oil,  aiid 
which  when  once  emptied  by  Xerxes  could  not  ag^in  be  filled- -the  weep- 
ing statues,  and  the  perpetual  lamps ; — all  the  obvious  effects  cl  the  etjuj 
librium  and  pressure  of  fluids." 

The  cup  of  Tantalus  will  be  ound  described  in .  the  Chapter  on  Si 
phons  in  Book  V.  Divining  cups  may  be  noticed  here,  as  there  is  reason 
to  believe  that  water  was  suspended  in  some  of  them  by  atmospheric 
pressure;  while  in  others,  sounds  were  produced  by  the  expulsion  of 
air  through  secret  cavities  formed  within  them.  Divination  by  water  has 
prevailed  from  immemorial  time,  and  in  the  eastern  world,  has  been  prac- 
tised in  a  great  variety  of  ways.  Scunetimes  the  inquirers  into  futurity 
performed  the  requisite  ceremonies  themselves,  and  with  ordinary  instru- 
ments, as  when  a  mirror  or  looking-glass  was  used ;  (see  page  34)  at 
other  times  professional  sorcerers  were  employed.  These  men,  as  a  mat- 
ter of  course,  provided  their  own  apparatus,  and  hence  had  every  oppor- 
tunity in  its  construction  of  concealing  within  some  part,  the  device  upon 
which  tlieir  deceptions  turned. 

Of  ail  the  implements  connected  with  Hydromancy,  cups  are  the  most 
interesting.      They  are  among  the  earliest  that  history  has  mentioned, 
(Genesis,  xliv,  5,)  and  they  have  longer  retained  a  place  in  the   conjurer's 
budget  than  any  other.   They  were  used  by  astrologers  of  Europe  during 
tlie  middle  ages,  and  are  not  yet  wholly  abandoned   in  that  part  of  the 
world.     Like  all  devices  of  the  old  magicians,   ingenuity   seems   to  have 
l>een  exhausted  in  their  formation  and  in  adapting  them  to  different  spe- 
cies of  jugglery.     They  were  of  various  materials;  while  some   were  of 
silver  like  Joseph's,  others  were  of  wood,   glass,  stone,  &c.  according  to 
the  nature  of  the  trick  to  be  |)erfornied   by   them.     Sometimes  presages 
were  drawn  from  observing  the  licjuid  through  the  sides  of  the   cup;  for 
this  purpose  it  was  made  of  a  translucent  material ;  but  then  one  side  was 
left  ihirk  while  the  others  were  thin,  so  that   the   contents    were   invisible 
through  the  former,  but  cjuite  plain  through   the  latter.     The  indications 
were  considered  favorable  when  the  li(]uid   was  clear  and  distinctly  seen, 
and   unfavorable  if  the  inquirer  could   not  perceive   it — thus  either  side 
was  presented  by  the  conjurer  as  }>ost  suited  his  views.     The  same  trick 
is  still  performed  in  some  of  the  churches  in  Italy;  one  side  of  the  goblet 
or  glass  is  made  opaque,  while  the  other  is  transparent.      With  other  cups 
it  was  the  motion  or  agitation  of  the  liquid  that  was  looked   for :  if  it  re 
mained  at  rest,  the  omen  was  bad — if  violently  moved,  good.     This  kind 
of  divination  most  likely  depended  on  legerdemain  or  *  sleight  of  hand,* 
in  dropping  unperceived  some  substance  into  the  vessel  that  produced  ef- 
fervescence—or by  opening  a  secret  conmiunication  witli   a  cavity  in   the 
stem  or  base  of  the  vessel,  containing  a  liquid  that  had  a  similar  effect,    in 
Japan  it  is  common  to  place   a  pot  of  water  on   the  heail ;  if  the   liquid 
boil  ovei;,  the  presage  is  good,   "but  if  it   stirs  not,  bad  luck."*     Among 
the  prodigies  mentioned  by  Herodotus,  is  one  of  this  kind  :  the  flesh  of 
a  victim  sacrificed  during  the  Olympic  games,  was  placed   in  brazen  caul 
drons,  and  "  the  water  boiled  up  and  overflowed  without  the  intervention 
of  fire,"  (B.  i,  59.)     The  entcrald   cup,   by   which  the    priests  of  Mentz 
deluded  people  in  the  dark  ages,  belongs  to   the   same  class.     On  cerium 
days,  two  or  three  extremely  minute  fishes  were  secretly  put   in,  and   l)y 
their  motions  in  the  water  produced  such  an  effect  that  the  people   were 
persuaded  "the  cup  was  alive."** 

— ^^'"^     ■■■  ■■■■■  ■■■  ■!■■  ■  ■■■!■■■■■  II  llll  ■!!  IIM  ■»^— ^W^i^ 

■Mulitaniid'  Jiipan,  trauBlated  bv  0<rilby.  Lon.  1670.  p.  123. 

>>  MiiiiiMi'M  Travels,  vol.  i,  93.    See  altM>  Morert's  Diet.  vol.  iv.  Art.  Augury. 
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TLe  Jivining  cups  of  the  Assyrians  and  Chaldeans  appet^r,  frv>m  im- 
perfect accounts  of  ihem  extant,  to  have  been  more  artificially  contrived. 
When  one  was  used,  it  was  filled  with  water,  a  piece  of  silver  or  a  jewel 
having  certain  characters  engraved  on  it  was  thrown  in ;  the  conjurer 
then  muttered  some  words  of  adjuration,  when  the  demon  thus  addressed, 
it  is  said,  **whMcd  the  answer  from  the  bottom  of  the  cup."  These  ves- 
sels were  probably  so  contrived,  that  the  water  might  compress  air  con- 
cealed in  some  cavity  in  the  base,  and  force  it  through  the  orifice  of  a  mi 
iiute  reed  or  whistle,  as  in  the  musical  bottles  of  Peru.  As  Julius  Cyre- 
nius  says  such  curs  were  also  used  by  the  Egyptians,  it  is  possible  'hat  it 
was  one  of  them  dv  which  Joseph  divined,  or  affected  through  policy  to 
divine.     Divination  by  the  cup  is  still  practiced  in  Japan. 

It  is  well  known  that  the  jugglers  of  Asia  have  always  been  unri- 
valled. Even  in  modern  times,  some  of  their  tricks  are  beautiful  applica- 
tions of  science,  and  are  so  neatly  performed  as  to  baffle  the  most  saga 
cluas  of  observers.  A  full  account  of  them  would  go  far  to  explain  all 
the  miracles  which  ancient  authors  have  mentioned,  and  would  afford  some 
curious  information  respecting  the  secrets  of  ancient  temples. 


CHAPTER    IV. 

Sacrion :  Impossible  to  raise  liquids  by  tliat  which  is  so  called — Action  of  the  muscles  oi  ibe  ihonu 
lAd  abdomen  in  sucking^  explained — Two  kinds  of  suction — Why  the  term  is  continued — Sucltingpoisc^ 
from  wouad* — Cupping  and  cupping-horns— Ingouuiiy  of  a  raven— Sucking  tubes  original  atmospheric 
pumps — The  Sanguisuchello— Peruvian  mode  of  taking  tea,  by  sucking  it  through  tubes — Reflections  on 
it> — New  application  of  such  tubus  suggested — ^Kxplanution  of  an  ambiguous  proverbial  expreskion. 

Air  is  expelled  from  such  vessels  as  are  figured  in  the  last  chapter  by 
thrusting  them  into  a  liquid,  which  entering  at  the  bottom,  drives  out  as 
It  rises  the  lighter  fluid  at  the  top.  In  the  apparatus  now  to  be  described, 
it  is  withdrawn  in  a  different  manner.  The  vessels  are  not  lowered  into 
water,  but  the  latter  is  forced  up  into  them.  The  operation  by  which  this 
IS  accomplished  was  formerly  named  svction,  from  an  erroneous  idea  that 
it  was  effected  by  some  power  or  faculty  of  the  mouth,  independently  of 
any  other  influence.  A  simple  experiment  will  convince  any  one  that  the 
smallest  particle  of  liquid  cannot  be  so  raised  :— fill  a  common  flask  or 
small  bottle  withm  a  quarter  of  an  inch  of  the  top  of  the  neck,  and  place 
it  in  a  perpendicular  position ;  then  let  a  person  apply  his  mouh  over  the 
orifiiU3,  and  he  may  suck  forever  without  tasting  the  contents ;  the  veriest 
Jc.ver  of  ardent  spirits  would  die  in  despair  ere  he  could  thus  partake  of 
his  favorite  liquor  ?  and  the  exhausted  traveler  could  never  moisten  his 
parched  throat,  although  the  liquid,  as  in  the  case  of  Tantalus,  was  at 
^218  Jips. 

As  remarked  in  a  previous  chapter,  the  error  was  not  exploded  till 
Turricelli  and  Pascvii's  experiments  proved  that  water  is  not  raised  in 
pumps  by  suction,  or  any  kind  of  attraction,  but  by  pulsion  from  aerial 
p.-essure.  Suction  therefore,  or  that  which  was  so  called,  merely  removes 
an  obstacle  [air]  to  a  liquid's  ascent — it  does  not  raise  it,  nor  evf^n  aid  in 
•he  act  of  raising  it.  In  other  words,  it  is  simply  that  action  of  the  mus- 
cles of  tt.e  thorax  and  abdomen  which  enlarges  the  capacity  of  the  iuugs 
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and  chest,  so  tiat  air  within  them  becomes  rarefied  ard  consequently  nc 
longer  In  equilibrium  with  that  without — hence  when  in  this  state  a  com- 
munication is  opened  between  them  and  a  liquid,  the  weight  of  the  atmos- 
phere resting  upon  the  latter  necessarily  drives  it  into  the  mouth  ;  as  for 
example,  when  a  person  drinks  water  from  a  tumbler  or  tea  from  a  cup. 
How  singular  that  the  rationale  of  taking  liquids  into  the  stomach  was  not 
understood  till  the  I7th  century — tliat  so  simple  an  operation  and  one  in- 
cessantly occurring,  should  have  remained  unexplained  through  all  pre- 
vious time ! 

Two  kinds  of  suction  have  been  mentioned  by  some  writers,  but  the  prin- 
ciple of  both  is  the  same  :  one,  the  acti(m  of  the  chest  just  mentioned — the 
other,  that  of  the  mouth  alone ;  viz.  by  lowering  the  under  jaw  while  the 
lips  are  closed,  and  at  the  same  time  contracting  and  drawing  the  tongue 
back  towards  the  throat.  There  is  this  difference  between  them !  the 
former  can  be  performed  only  in  the  intervals  of  respiration,  while  the 
latter  may  be  continuous,  since  breathing  can  be  kept  up  through  the  nos- 
trils. One  has  been  named  supping,  the  other  sucking.  The  term  'sucker,' 
commonly  applied  to  the  piston  of  atmospheric  pumps,  arose  from  its 
acting  as  a  substitute  for  the  mouth.  With  this  explanation  of  the  terms 
suction,  sucking,  &c.  we  shall  occasionally  use  them,  in  accordance  with 
general  custom,  for  want  of  substitutes  equally  popular. 

Infants  and  the  young  of  all  mammals  not  only  practice  suckiTig  till  they 
quit  their  mother's  breasts  for  solid  food,  but  most  of  them  continue  the 
practice  thi  ugh  life  when  quenching  their  thirst:  of  this  man  is  an  ex- 
ample, for  it  is  by  sucking  that  we  receive  liquids  into  the  stomach, 
whether  we  plunge  our  lips  into  a  running  stream,  receive  wine  from 
a  goblet,  or  soup  from  a  spoon.  As  the  origin  of  artificial  devices 
for  raising  liquids  by  atmospheric  pressure  may  be  traced  to  this  natural 
operation,  some  other  examples  may  be  mentioned.  Of  these,  sucking 
poison  from  wounds  is  one.  This  has  been  practiced  from  unknown  an- 
tiquity. Job,  speaks  of  sucking  the  poison  of  asps — At  the  siege  of  Troy, 
Machaon  *suck*d  forth  the  blood*  from  the  wounds  of  Menelaus;  and  the 
women  among  the  ancient  Germans  were  celebrated  for  thus  healing  their 
wounded  sons  and  husbands.  The  serious  consequences  that  often  at- 
tended the  custom,  led  at  an  early  period  to  the  introduction  of  tubes,  by 
means  of  which  the  operation  might  be  performed  without  danger  to  the 
operator;  for  scrofulous  and  other  diseases  were  frequently  communicated 
to  the  latter,  by  drawing  tainted  blood  and  humors  into  the  mouth  j  whereas, 
by  the  interposition  of  a  tube,  the  offensive  matter  could  be  prevented 
from  coming  in  contact  with  the  lips. 

Before  the  use  of  the  lancet  was  discovered,  these  cupping  tubes  were 
applied  in  ordinary  blood-letting.  Even  at  the  present  day  such  is  the 
only  kind  of  phlebotomy  practiced  by  the  oldest  of  existing  nations ;  for 
"the  name  and  the  use  of  the  lancet  are  equally  unknown  among  the  na- 
tives of  Hindostan.  They  scarify  the  part  with  the  point  of  a  knife  and 
apply  to  it  a  copper  cupping-dish  with  a  long  tube  affixed  to  it,  by  means 
of  which  they  suck  the  blood  with  the  mouth."*  It  if  the  same  with  the 
Chinese,  Malays,  and  other  people  of  the  east.  These  generally  use  the 
same  kind  of  apparatus  as  the  Hindoos,  but  sometimes  natural  tubes  are 
employed,  as  a  piece  of  bamboo.**  The  horns  of  animals,  as  those  of 
oxen  and  £oats  were  also  much  used  ;  these  on  account  of  their  coni- 
cal form  being  better  adapted   for  the   purpose  than  cylindrical   tubes 


•  Shoberrs  HindoAtan,  v  42.        ^  Chinese  Repos.  iv,  44.   See  also  Le  Coulters  China 
&nrl  Marsclen's  Sumatra. 
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Park  found  the  negroes  of  Africa  cupping  with  ra  ns*  horns ,  and  the 
Shellancjers  continue  to  use  the  same  instrument,  having  derived  it  from 
their  Scandinavian  ancestors.  Cupping  was  practiced  by  Hippocrates, 
and  cupping-instruments  were  the  emblems  of  Greek  and  Roman  phy- 
sicians. 

The  application  of  a  reed  or  other  natural  tube,  through  which  to  suck 
liquids  that  cannot  otherwise  be  reached,  has  always  been  known.  The 
device  is  one  which  in  every  age,  boys  as  well  as  men  acquire  a  know- 
ledge of  intuitively,  or  as  it  were  by  instinct;  nor  does  it  indicate  a  greater 
degree  of  ingenuity  than  numerous  contrivances  of  the  lower  animals— 
that  of  the  raven  for  exampte,  which  Pliny  has  mentioned  in  the  tenth 
book  of  his  Natural  History.  This  bird,  during  a  severe  drought,  seeing 
a  vase  near  a  sepulchre,  flew  to  it  to  drink,  but  the  small  quantity  of 
water  it  contained  was  too  low  to  be  reached.  In  this  dilemma,  stimula- 
ted by  want  and  thrown  upon  its  own  resources  for  invention,  it  soon  de- 
vised an  effectual  mode  of  accomplishing  its  object — it  picked  up  small 
pebbles  and  dropped  them  into  the  vessel  till  the  water  rose  to  the  brim — 
an  instance  of  sagacity  fully  equal  to  the  application  of  a  tube  under 
similar  circumstances  by  man. 

As  sucking  tubes  are  atmospheric  pumps  in  embryo,  a  notice  of  some 
applications  of  them  will  form  an  appropriate  introduction  to  the  latter. 
They  constituted  part  of  the  experimental  apparatus  of  the  old  Greek  Pie 
nists  and  Vacuists ;  and  were  used  by  the  Egyptians  as  siphons.  They 
were,  and  still  are,  employed  in  Peru  for  drinking  hot  liquids,  and 
were  anciently  used  by  the  laity  in  partaking  of  wine  in  the  Eucharist. 
"Beaius  Rhenanus  upon  Tertullian  in  the  booke  De  Corona  Militis,  re- 
porteth  that  among  the  riches  and  treasures  of  the  church  of  Mense,  were 
certain  silver  pypes  by  the  which  profane  men,  whom  they  call  the  laietie, 
sucked  out  of  the  challice  in  the  holy  supper."*     The  device,   if  not  of 

more  distant  origin,  was  perhaps  designed  in  the  dark 
ages,  as  a  check  to  the  rude  communicants,  who  would 
naturally  be  inclined  to  partake  too  freely  of  the  cup. 
But  since  the  laity  were  excluded  by  the  Council  of 
Constance,  from  sharing  the  wine,  the  use  of  such  tubes 
has  been  retained.  At  the  celebration  of  high  mass  at  St. 
Denis,  the  deacon  and  sub-deacon  suck  wine  out  of  the 
chalice  by  a  chalumeau  or  tube  of  gold.  [Diet,  de  Tre- 
voux.     Art.  Chalumeau.] 

'  The  sang^uistichcUo  or  blood-sucker,'  says  La  Motraye, 
is  a  golden  tube  by  which  the  Pope  sucks  up  the  blood 
[wine]   at  high  mass;  the  chalice  and  tube    being   held 
I       wj^     by  a  deacon.     The  instrument,  he  remarks,  corresponds 
[  jg        with  "the  ancient  jnigUlariSf  or  tube  mentioned  by  Car- 

dinal Bona  in  his  treatise  of  things  belonging  to  the  liturgy, 
and  of  the  leavened  and  unleavened  bread."**  No.  78  is  a 
figure  oi  the  sanguisuchello.  It  has  three  pipes,  but  the 
middle  or  longest  one  is  that  by  which  the  liquid  is  raised. 
The  whole  is  of  gold,  highly  ornamented,  and  enriched 
Sufu^hcUa      ^ith  a  large  emerald.     One  reason  assigned  for  its  use, 

is,  that  it  is  more  seemly  to  suck  the  blood  [wine]    as 
Uirough  a  vein,  than  to  sup  it. 

The  Peruvians  make  a  tea  or  decoction  of  the  *herb  of  Paraguay,* 


— -y 


•Peter  MartyrV  Com.  Places.  Lon.  1583.  Part  4,  p.  37.        ■'La  Motraye'^  Trav  i^ 
TX'  31,  427,  and  Bl-inviUe'a  Trav  ii.  332 
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which  is  common  to  all  classes.  "  Instead  of  dnnlcing  tlie  tincture  ci 
irifusion  apart,  an  we  drink  tea,  they  put  tlie  herb  into  a  cup  or  bowl 
made  of  a  calaltash  or  ^ourd,  tipl)'d  with  silver,  nhich  they  call  mate; 
•Ley  add  sugar  and  poui  on  it  the  hoi 
water,  which  they  drink,  immediately 
without  giviiii;  it  lime  to  infuse,  l>ecau!e 
it  turns  aa  black  as  ink.  To  avoid  drink- 
ing the  herb  which  swims  at  the  top, 
they  make  use  of  a  tilrer  pipe,  at  the 
end  whereof  is  a  bowl  full  of  little 
boles;  so  that  the  liquor  tuci-'d  im  ai 
the  other  end  is  clear  from   the  herb,"* 


Frezier  has 

given  an  engraving  of  a 

lu^y  thus 

m ployed,  from  which  the 

anncjM'd  cu 

13  copied. 

In  Freii 

r's  time  it  was  the  custom 

for  everv  one  at  a  party  to  suck  out 
of  the  ekmi'  tube— like  Indians  in  coun- 
cil, each  taking  a  whiiT  from  the  same 
calumeL  U'itli  the  exception  of  con- 
.,    _  fininff  a  company  to  the  use  of  one   in- 

Kum    FmTiu  fFi»ye  uUu  lea  with  "  '       i        ij     i.-   i       .-  j 

1  •BckiBfTiiba.  strument,  we  should  think  this  mode 

of  'taking  tea'  deserving  the  considera- 
tion of  the  wealthy,  since  it  possesses  several  ad  vantages  over  the  Chinese 
plan  which  we  have  adopted.  In  the  first  place,  it  is  not  only  a  more 
ingenious  and  scientific  mode  of  raising  the  liquid,  but  also  more  graceful 
i  of  lifting  the  vessel  with  it.  It  is  raoru 
uired ;  for  in  ordinary  cases  a  per- 
son expends  an  amount  of  force  in  carrying  a  cup  of  tea  backwards  and 
forwards,  so  many  times  to  his  mouth,  as  would  sullice  to  raise  a  bucket 
of  water  from  a  moderately  deep  well.  In  the  use  of  these  tubes  there  is 
no  chance  of  verifying  the  old  proverb—'  many  a  slip  between  the  cup 
and  the  lip' — And  then  there  is  no  danger  of  breakage,"  since  the  vessel 
need  not  be  removed  from  the  table.  How  often  has  a  valuable  '  tea-set' 
been  broken,  and  the  heart  of  the  fair  owner  almost  with  i:,  by  sonin 
awkward  visitor  dropping  a  cup  and  saucer  on  their  way  to  his  iuouiIp, 
or  on  their  return  to  the  table !  Lastly,  the  introduction  of  these  tubes, 
would  Ifave  the  same  rconi  as  at  present  for  dispiay  in  tea-table  para- 
phernalia. 

There  is  another  app'.ication   of  thi 
thank  us  for  suggesting.     It  has  been 
epicures  that  nature  has  given    them 
some  other  animals;  these  philosopher: 
ealing  and  drinking  are  proportioned  ti 

which  food  passes  to  the  stomach.  Now  although  a  sucking  tube  will  not 
alter  the  nalural  dimensions  of  a  person's  neck,  it  may  be  so  used  as  to 
prolong  the  sensation  of  deglutition  in  the  shortest  one;  fur  by  contracting 
the  orifice,  each  drop  of  liquid  imbibed  through  it  may  be  brought  in 
contact  with  the  organs  of  taste,  and  be  detained  in  its  passage  unlil  eviiry 
panicle  of  pleasure  is  extracted  from  it: — being  the  reverse  of  u-hai 
takes  pbee,  when  gentlemen  swallow  their  wine  in  gulps.  The  most  fa.'i 
tidious  disciple  of  Epicurus  could  not  object  to  this  use  of  them,  since 
'  nothing  would  touch  his  liquid  but  the  tube;  and  as  every  person  would 

■Frezier't  Voyiee  to  the  South  Seas,  p.  252. 
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provide  his  own,  no  one  would  ever  think  of  borrowing  his  neighbc  r's, 
Eny  more  than  he  would  ask  for  the  loan  of  his  tooth -pick.* 

We  are  not  sure  that  this  plan  of  attenuating  agreeable  liquids,  did  nol 
give  rise  to  that  mode  of  drinking  adorned  by  the  luxurious  Greeks  and 
Romans,  to  which  we  have  before  alluded.  Their  drinking  vessels  were 
generally  horns,  or  were  formed  in  imitation  of  them.  At  the  small  end 
of  each  a  very  minute  opening  was  made,  through  which  a  stream  of 
drops,  as  it  were,  descended  into  the  mouth  Paintings  found  in  Pom- 
peii, and  other  ancient  monuments,  represent  iniividuals  in  the  act  of  thus 
using  them — while  others,  whose  appetite  for  the  beverage,  or  whose 
thirst  was  too  keen  to  relish  so  slow  a  mode  of  allaying  it,  are  seer 
driiking,  not  out  of  "the  little  end,*'  but  out  of  the  large  end  "of  the 
horn."  We  have  mentioned  this  circumstance  because  it  appears  to  af- 
ford a  solution  of  an  old,  but  somewhat  ambiguous  saying. 


CHAPTER    V 

Od  bellows  pnmpa:    Great  Tariety  in  the  fbmiB  and  materials  of  machine*  t«.  raise  water— Simple  bel 
Iowa  pump — Ancient  Gerniau  pump — French  pump— Sonet's  frictionless  pump:  Subsequently  re*ia 
Tented — ^Uartin'a  purai>^Robi8on'i  bay  puni|i — Diiad vantages  of  bellows  pumps— Natural  pumps  \m 
men,  quadrupeds,  insccLs,  birds,  Ac— Reflections  on  them.  Ancient  vases  figured  in  this  chapter. 

In  the  course  of  time  a  new  feature  was  given  to  sucking  tubes,  by 
which  they  were  converted  into  pumps:  this  was  an  apparatus  for  with- 
drawing the  air  in  place  of  the  mouth  and  lungs.  In  what  age  it  was  first 
devised,  and  by  what  people,  are  alike  unknown.  The  circumstance  that 
originally  led  to  it,  was  probably  the  extension  of  the  length  of  sucking 
tubes,  until  the  strength  of  the  lungs  M'as  no  longer  sufficient  to  draw 
water  through  them.  In  this  way  the  bellows  pump,  the  oldest  of  all 
pumps,  we  presume  took  its  rise. 

It  shculd  be  borne  in  mind  that  an  atmospheric  pump  is  merely  a  con- 
CTivance  placed  it  the  upper  end  of  a  pipe  to  remove  the  pressure  of  the 
i^imosphere  there,  while  it  is  left  free  to  act  on  the  liquid  in  which  the 
icwer  end  is  immersed ;  and  farther,  that  it  is  immaterial  what  the  sub- 
stance of  the  machine  is,  or  what  Bgure  it  is  made  to  assume.  Some  per- 
sons perhaps  may  suppose  that  pumps  seldom  vary,  and  then  but  slightlv, 
from  the  ordinary  one  m  our  streets,  (the  ancient  wooden  one)  hut  no  idea 
could  be  more  erroneous;  for  few,  if  any,  machines  have  undergone  a 
greater  number  of  metamorphoses.  The  body  or  working  part,  which  is 
named  the  'barrel'  and  aometiraes  the  'chamber,'  so  far  from  being  always 
cylindrical,  has  been  made  square,  triangular,  and  elliptical; — it  is  not  even 
always  straight,  for  it  hf.s  been  bent  into  a  portion  of  a  circle,  the  centre 
o{  which  formed  the  fuicrura  of  the  lever  and  rod,  both  of  which  in  this 
caae  being  made  of  one  piecs  r  its  materials  have  not  been  confined  to 
wood  and  the  metals,  for  pumps  have  been  made  of  glass,  stoneware, 
sione,  leather,  canvas,  and  caoutchouc.     Some  have  been  constructed  like 


*Iii  Shakespeare's  time,  '-erery  giiei»i  carried  his  own  Arnt/e,  wliich  he  occnsk  uaDjr 
whetted  on  a  stone  that  hung  behind  the  door.     One  of  these  wiietstones  may  be  <<Hen 
1  Piirkii]!ion*!i  Museum.     They  were  strangers  at  that  period  to   the  use  of  f«  rks.' 
[R'teoD^'s  Notes  on  Shakespeare's  Timon  oT'  Atlien».  Act  i.  Sf'*;iie  2.  J 
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a  bag,  rcMlnliling  tlie  old  powder-pufT  or  ihe  modern  accorjlon ;  others  ip 
the  fnrm  of  the  JomeBt'ic   and  blacksmith's  bellowa — some   in   the   figure 
of  a  drum,  and  others  as  a  portion   of  one — as  a  simple   horizontal   tube 
Buspended  at  the  centre  OH  a  perpendicular  one,  and   whirled   round   like 
the  arms  of  a  potter's  wheel — then  again  as  a  jierpendicular  tube  without 
5  ifker  or  piston,  and  moved  like  a  gentleman's  walking  cane,  from  which 
moeeJ  its  name  is  derived.  (See  Canne  Hijdraviique  in  Book  IV.)     T.^ey 
have  also  been  made  of  two  simple  tubes,  one  moved  over  the  other  like 
those  of  a  telescope — even  a  kettle  or  cauldron  has  been  used  as  a  pump, 
and  the  vapor  of  its  boiling  w'ater  substituted  for  the  sucker  to  expel  the 
air  it  contained,  after  which  the  pressure  of  ihe  at- 
mosphere forced  water  into  it  from  below.     In  fine, 
any  device  bj  which  air  can  be  removed  from  the 
interior  of  a  vessel,  in,  or  may  be  used  as  a  pump  to 

Nor  have  the  'flickers'  or 'pistons'  been  subject 
to  less  changes  than  other  parts  of  pumps.  They 
have  been  made  solid  and  hollow — in  the  form  o( 
cones,  cylinders,  pyramids,  sectors,  and  segments  of 
circles; — in  the  shape  of  cog-wheels,  and  of  the 
arms  and  vanes  of  wind-mills,  widi  motions  analogous 
tn  such  as  these;  and  s<>mctimes  they  are  made  it 
the  shape  of  a  gentleman's  hat  and  of  similar  mate 
riots;  while  the  only  motion  imparted  to  them,  is 
the  odd  one  of  alternately  pushing  them  inside  out 
and  outside  in. 

If  a  collapsed  bladder  or  leather  bag,  be  secured 
j(j^  ^Q_  at  its  orifice  to  the  tipper  end  of  a  perpendicular 

tube  whose  lower  end  is  placed  in  a  vessel  of  water, 
JNo.  80)  then,  if  by  some  contrivance  the  bag  can  be  distended,  as  shown 
by  the  dotted  lines,  the  small  quantity  of  air  contained  in  it  and  the  pipe 
would  become  rarefied,  and  consequently  unable 
to  balance  the  pressure  without — hence  the  liquid 
would  be  forced  up  into  the  bag,  until  the  air  within 
became  again  condensed  as  befoie — that  is,  the  blad- 
der would  be  filled  with  water,  with  the  exception 
1  quantity  equal  to  the  space  previously  occupied 


by  the 

air  within 

it  and  the 

pipe. 

Toe 

nvert  this 

simple  apparatus  into  a  pu 

mp,  two 

valves  c 

r  clacks  o 

ly  are  war, 

ting,     line,  ope 

ungup- 

wards  a 

nd  placed 

n  any  part 

1  either 

of  its  ex 

tremities. 

This  will 

"allow  wTter°to 

pass  up 

through 

it,  but  no 

e  to  descE 

nJ.      The   othe 

pJaccd 

aperture 

made  on  the  top  of  the   b 

.(,,  ..d 

opening 

outwards- 

—through 

.h,s  the  content 

9  of  the 

vessel  when  collapsed  can  b 

discharged;  an 

J  when 

oistended  it  will  close,  and  thereby  prevent  the  e 
trance  of  the  external  air.  The  instrument  thus  ar- 
anged  becomes  a  heVatct  pump,  (No.  81,)  a  raarhine, 
which  from  the  obvious  application  of  tlie  bellows  to 
raise  and  spout  water  aa  well  as  air,  has  been  re- 
invented by  machinists  in  almost  every  age. 
N*  8L   B«ll<»i  Pump.  The  figure  scarcely  requires  illustration.     It  n^pre 

sents  a  pipe  attached  to  the  under  board  of  a  circular 
»'  lantorr.  belbws,  the  oritii;e  of  which  is  covered  by  a  clack — the  uppei 
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board  h&s  also  an  opening  in  its  centre  which  is  closed  \  y  a 
ftnd  also  furnished  with  a  rod  and  handle.     The  under  board  a 
Turnis  the   bottiim  of  a  box,  in  one  side  of  which  a  spoul  is  insci'teU,  aa 
shown  by  the  dotted  lines. 

The  earliest  representation  of  a  betlowB  pump  which  we  have  met 
wiih  in  books,  is  among  the  curious  cuts  attached  to  the  first  German 
translation  of  Vegetlus,  from  which  No.  83  is  copied.  (ErfTurt  151  !)■  It 
will  suffice  to  show  the  application  of  this  kind  of  pump  lo  raise  waler 
At  IJiat  time.  There  was  of  course  a  valve  covering  the  interior  orifice 
of  the  nozzle  and  opening  outwariis,  to  prevent  the  air  from  entering 
when  the  upper  board  was  raised.  This  valve  is  not  shown  because  the 
art  of  representing  the  interior  of  machines  by  section,  was  not  then  un- 
derstood, or  not  practiced.  The  lower  board  is  fastened  to  the  ground  by 
a  pnat  and  key,  and  a  wcijfht  is  placed  on  the  upper  one  to  assist  in  ex- 
pelling the  water. 


One  hundred  years  ago,  two  bellows  fixed  in  a  box  and  worked  by  a 
do'ib'e  lever,  like  the  old  fire  or  garden  engine,  was  devised  by  M.  Dn 
fuy.  Master  of  Requests  to  the  king  of  France.  The  machine  was  re 
commended  to  raise  water  from  the  holds  of  ships,  drain  lands,  &c.  It 
appears  that  the  widow  of  M.  Du  Puy,  expected  to  reap  great  advantageo 
from  i:  ill  England;  but  Dr.  Desaguliers,  in  1744,  published  adescription 
of  i(  talien  from  the  French  account,  and  among  other  remarks  he  ob 
terved — "Alwut  fourteen  years  ago,  two  men  here  applied  for  a  paten' 
for  this  very  engine,  proposing  thereby  to  drain  mines;"  •  •  •  "all  the 
difference  was,  that  their  bellows  were  fixed  Jpon  a  little  waggon;  and 
-Jiey  had  a  short  sucking  pipe  under;  and  the  force  pipe  went  up  from 
t>.e  two  bellows.  I  opposed  the  taking  out  of  this  patent,  because  I 
thoiight  it  would  be  of  great  hurt  to  the  undertakers,  to  lay  out  near 
r'gUy  pounds  for  what  would  never  bring  them  eighty  pence ;  unless  they 
r-^ade  a  bubble  of  it,  and  drew  unwary  people  into  a  scheme  to  subscribe 
n:oney."  {Ex.  Philos.  ii,  SOI.)  Bellows  pumps  were  previously  used  in 
Trance.     They  are  spoken  of  as  common  in  the  old  Diet,  de  Trevoux. 


•Jnm  indebted  to  John  Allan.  Eiq,  for  ■  copy  of  tliia  scarce  old  worL    Ills  the  aanw 
I  wliich  Pr-r  Ueckinnn  rufen  in  liii  ariicle  on  Iha  diviog  bell.     UnF  nunatelv  Uw  run 
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A  neat  anci  perliaps  the  best  modification  of  these  machines  was  dc 
rised  aboui  the  year  1732,  in  Paris,  by  Messrs.  Goaset  and  Deuille.      It  wa!« 
described  by  Belidor  in  1739,  and  by   Desaguliers  in   1744,  as  "a  pistor. 
without  friction."      It  conBists  of  a  circular  piece  of  leather  pressed   inio 
the  form  of  a  deep  dish,  or  of  a  low 
crowned  hat  with  a  wide  rim.     This 
rim  is  secured    by   bolls   and   screws 
bef-een  two  tianches  of  a  pump  cy- 
linder, forming  an  air  tight  joint — the 
part  corresponding  to  the  body  of  the 
jf^  hat  tils  loosely  into  the  cylinder ;  and 

m^  the  crown  is  strengthed  by  a  circular 

i',  plate    of  metal  of  the  same  size  and 

"J  riveted  to   it.      In   the   centre  of  this 

plate  an  opening  is  made  and  also 
through  the  leather  fur  the  passage 
of  the  water,  and  covered  by  a  valve 
opening  upwards  like  the  ordinary 
sucker  of  a  pump.  The  forked  end 
of  the  pump-roii  is  secured  to  this 
plate.  (See  fi^re.)  When  the  rod  i* 
raised,  the  bottom  of  the  dish  or  hnl 
is  above  the  flanch,  and  when  down 
,\i>.  Kt.    GiHKi  lui)  ntiiille'i  Pump.  it  is   pushed   inside  out  as   shown   in 

the  cut.  Thus,  by  ahernately  ele- 
vating and  depressing  it,  the  water  is  raised  as  in  the  common  pump 
This  piston  is  described  in  Vol.  VI,  of  Machines  approved  by  the  French 
Academy   for  1732,  p.  85,  as  the  invention  of  M.  Boulogne. 

The  great  advantage  of  this  pump  is  In  the  sucker  or  piston  not  rub- 
bing against  or  even  touching  the  sides  of  the  cyUnder,  hence  there  is  no 
friction  to  overcome  from  that  source,  and  the  leather  is  consequently 
more  durable  ;  but  the  length  qf  stroke  is  much  less  than  in  common 
pumps,  it  seldom  exceeding  six  or  ^ght  inches,  lest  the  leather  should  he 
overstrained  in  pressing  it  deeper.  Large  pumps  of  this  description  were 
worked  in  the  mines  of  Brittany  incessantly  during  three  or  four  months 
without  requiring  any  repair.  India-rubber,  and  canvas  saturated  or 
coated  with  it,  have  l>een  successfully  used  in  place  of  leather.  Soma 
modifications  of  the  sucker  have  also  been  introduced. 

This  pump  was  re-invented  in  England  some  years  ago,  and  made  con- 
siderable noise  under  a  new  name.  See  London  Mcchan.  MReaziiic,  and 
Register  of  Arts,  1S26-29  ;  also  the  Journal  of  the  Franklin  !nBliluie  foi 
1S31,  vol.  vii,  193.  In  1766,  Mr.  Benjamin  Marlin,  the  well  known  au- 
thor of '  I'hiloaophia  Brilannica'  and  other  scientific  works,  pronosed  a  oooJ 
double  pump  of  this  kind  for  the  British  navy — a  figure  and  descri^t-'oi 
of  it  mav  bo  seen  in  Vol.  XX.  of  Tilloch's  Philosophical  Magazine. 

Dr.  Robison,  in  the  second  volume  of  his  Mechanical  Phih.sof '->!'.  •w'^- 
posed  what  has  been  named  an  improvement  on  the  last  pump.  Hig  ie- 
vice  is  however  little  else  than  the  old  bellows  pump.  A  figure  of  it  uid 
his  description  are  annexed. 

A,  B,  (No.  34)  represents  a  wooden  trunk  or  cylinder  of  metal,  baviT-g  a 
a  spout  at  the  upper  part,  and  the  lower  end  closed  by  aplate,  the  opening 
in  which  is  covered  by  a  clack  valve  E,  as  in  No.  83.  To  this  plal;  is  se- 
cured the  openbottom  ofa  long  cylindrical  bug,  the  upper  end  being  ftxed 
to  the  round  board  F.  "  This  bag  may  bo  made  of  leiither  or  of  doui.ie  can- 
vas, a  fold  of  thin  leather  or  of  sheepskin  being  placed  between  the  twr' 
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'olds.     The  upper  end  of  the  bag  should  be  Brmly  tied  with  a  cord  in  a  groove 

turned  out  of  the  rim  of  the  board  at  F.  Into 
this  board  is  fixed  the  fork  of  the  piston  rod, 
and  the  bag  is  kept  distended  by  a  number  of 
wooden  hoops  or  rings  of  wire,  fixed  to  it 
at  a  few  inches  distance  from  one  another,  and 
kept  at  the  same  distance  by  three  or  four 
cords  binding  them  together,  and  stretching 
from  tlie  top  to  the  bottom  of  the  bag.  Now 
let  this  trunk  be  immersed  in  the  water  :  it 
is  evident  that  if  the  ba^  be  stretched  from 
the  compressed  form  which  its  own  weight 
will  give  it  by  drawing  up  the  piston  rod,  ita 
capacity  will  be  enlarged,  the  valve  F  will 
be  shut  by  its  own  weight,  the  air  in  the  bag 
will  be  rarefied,  and  the  atmosphere  will 
press  the  water  into  the  bag.  When  the  rod 
is  thrust  down  again,  the  water  will  come  oat 
at  the  valve  F,  and  fill  part  of  the  trunk.  A 
repetition  of  the  operation  will  have  a  similar 
effect;  the  trunk  will  be  filled,  and  the  water  will  at  last  be  discharged 
at  the  spout.*'     The  operation  is  precisely  the  same  as  in  No.  81. 

"Here  is  a  pump  without  friction  and  perfectly  tight;  for  the  leather 
between  the  folds  of  canvas  renders  the  bag  impervious  both  to  air  and 
water.  We  know  from  experiment  that  a  bag  of  six  inches  diameter 
made  of  sail  cloth  No.  3,  with  a  sheepskin  between,  will  bear  a  column 
of  fifteen  feet  of  water,  and  stand  six  hours  work  per  day  for  a  month, 
without  failure;  and  that  the  pump  is  considerably  superior  in  effect  to  a 
common  pump  of  the  same  dimensions.  We  must  only  observe  that  the 
length  of  the  bag  must  be  three  times  the  intended  length  of  the  stroke, 
80  that  when  the  piston  rod  is  in  its  highest  position,  the  angles  or  ridges 
of  the  bag  may  bo  pretty  acute.  If  the  bag  be  more  stretched  than  this, 
the  force  which  must  be  exerted  by  the  laborer  becomes  much  greater 
than  the  weight  of  the  column  of  water  which  he  is  raising." 

But  after  all  that  can  be  said  in  favor  of  bellows  pumps,  they  have  their 
disadvantages.  A  prominent  one  is  this:  when  the  leather  or  other  ma- 
terial of  which  they  are  formed  is  worn  out,  a  practical  workman,  who 
IS  not  to  be  obtained  in  every  place,  is  required  to  renew  it.  Unlike  re- 
placing the  leather  on  an  ordinary  'sucker',  which  a  farmer  or  a  sailor  on 
ship-board  can  easily  accomplish,  the  operation  requires  practice  to  per- 
form it  efficiently,  and  the  expense  both  of  time  and  materials  is  much 
greater  than  that  of  similar  repairs  to  the  common  pump.  For  these  and 
other  reasons,  bellows  pumps  have  never  secured  a  permanent  place 
among  staple  macliines  for  raising  water,  and  the  old  cylindrical  pump 
still  retains  the  preeminence,  notwithstanding  the  almost  innumerable  pro- 
jects that  have  been  brought  forward  to  supersede  it. 

The  preceding  machines  resemble  in  some*  degree  the  apparatus  for 
irinking  which  the  Creator  has  furnished  to  us  and  to  such  quadrupeds 
as  do  not  lap.  When  an  ox  or  a  horse  plunges  his  mouth  into  a  stream, 
ne  dilates  his  chest  and  the  atmosphere  forces  the  liquid  up  into  his  sto- 
mach precisely  as  up  the  pipe  of  a  pump.  It  is  indeed  in  imitation  of 
these  natural  pumps  that  water  is  raised  in  artificial  ones.  The  thorax  is 
the  pump;  the  muscular  energy  of  the  animal,  the  power  that  works  it; 
the  throat  is  the  pipe,  the  lower  orifice  of  which  is  the  mouth,  and  which 
b«:  must  necessarily  insert  into  the  liquid  he  thus  pumps  into  his  stomach , 
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and  whenever  the  depth  of  water  is  insufficient  to  cover  the  opening  b^ 
twecn  his  lips,  the  animal  instinctively  draws  closer  those  portions  of  their, 
above  it,  and  contracts  the  orifice  below,  just  as  we  do  under  similar  cir- 
cumstances, and  which  we  constantly  practice  in  sipping  tea  or  coffee  from 
a  cup,  or  any  other  beverage  of  which  we  wish  to  partake  in  small  quan- 
tities. The  capacious  chest  of  the  tall  camel,  or  of  the  still  taller  came 
leopard  or  giraffe,  whose  head  sometimes  moves  twenty  feet  from  the 
ground,  is  a  large  bellows  pump  which  raises  water  through  the  long 
channel  or  pipe  in  his  neck.  The  elephant  by  a  similar  pneumatic  appa- 
ratus, elevates  the  liquid  through  that  flexible  'suction  pipe,'  his  proboscis; 
and  those  nimble  engineers,  the  common  house-flies,  raise  it  through  their 
minikin  trunks  in  like  manner. 

We  may  here  remark,  that  among  the  gigantic  animals  which  in  remote 
ages  roamed  over  this  plarA^t,  and  which  quenched  their  thirst  as  the  ox 
does,  there  could  have  been  none  which  stood  so  high  as  to  have  their 
stomachs  thirty  feet  above  the  water  they  thus  raised  into  them.  And  on 
the  table  lands  of  Mexico,  and  the  still  higher  regions  of  Asia,  Africa,  and 
South  America,  animals  of  this  kind,  if  such  there  were,  must  have  had 
their  stomachs  placed  still  lower. 

The  mandibles  of  some  insects  are  hollow,  and  are  used  as  sucking 
pumps.  They  serve  also  sometimes  as  sheaths  to  poniards,  with  which 
nature  has  furnished  them,  as  weapons  of  offence  and  defence.  Those 
of  the  lion-ant  are  pierced,  and  "no  doubt  act  as  suckers."  This  little 
annual  constructs  a  minute  funnel-shaped  excavation  in  dry  sand,  and  co- 
vering its  body  at  the  bottom  lays  in  wait,  like  an  assassin,  for  its  prey : 
"no  sooner  does  an  industrious  ant,  laden  perhaps  with  its  provision,  ap- 
proach the  edge  of  the  slope,  than  the  finely  poised  sand  gives  way,  and 
tl.e  entrapped  victim  rolling  to  the  bottom,  is  mstantly  Seized  and  sucked 
to  a  shadow  by  the  lurking  tyrant,  who,  soon  after  bv  a  jerk  of  his  heail 
tosses  out  the  dead  body."  Weasels  and  other  animals  suck  the  blot^d 
of  their  prey.  The  tortoise  drinks  by  suction,  for  which  purpose  he 
plunges  his  head  deep  into  the  fluid,  so  as  even  to  cover  his  eyes.  There 
are  several  species  of  birds  denominated  *8UctoriaV  on  account  of  their 
obtaining  food  by  means  of  atmospheric  pressure,  which  they  bring  into 
action  by  apparatus  analogous  to  the  pump.  The  gralUUores  or  waders^ 
"suck  up  their  food"  out  of  water. 

It  is  impossible  to  contemplate  the  structure  and  habits  of  animal?, 
without  being  surprised  at  the  extent  to  which  this  principle  of  raising  li 
quids  has  been  adopted  by  the  Almighty  in  the  formation  of  insects,  rep- 
tiles, fishes,  birds,  amphibia  and  land  animals ;  and  also  at  its  adaptation 
to  their  various  forms,  natures,  and  pursuits.  Had  we  the  nccessaiy 
knowledge  of  their  physiology,  we  would  desire  no  greater  pleasure,  no 
other  employment  than  to  examine  and  describe  these  natural  pneumatic 
machines,  and  the  diversified  modes  of  their  operation. 

For  other  natural  pumps,  see  remarks  at  the  end  of  Chapter  2,  on  bel- 
lows forcing  pumps,  in  the  next  Book. 

I'he  vessels  or  vases  figured  in  this  chapter  are  ancient.  Those  in 
which  the  tubes  are  inserted  in  illustrations  Nos.  80  and  81,  are  of  glass; 
the  one  under  the  pump  spout  in  No,  83,  is  a  bronze  bucket;  all  from 
Pompeii.  The  latter  is  referred  to  at  page  G7.  The  globular  vessel  in 
No.  84,  is  a  figure  of  a  brazen  cauldron,  elso  Roman,  from  Misson.  Set? 
page  19  of  this  volume. 
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CHAPTER    VI. 

The  atmMpberic  pump  tappoted  by  some  persons  to  be  of  modern  origin—Injustice  towards  the  afl 
eients— Their  linowledge  of  hydrodynamics— Absurdity  of  an  alledged  proof  of  their  ignorance  ol 
a  sijuple  principle  of  hydrostatics-common  cylindrical  pump— Its  antiquity— -Anciently  known  ua 
der  the  name  of  a  siphon— The  amtHa  of  the  Greeks — Used  as  a  ship  pump  by  the  Romans — Bilgt 
pump— Portable  pumps— Wooden  pumps  always  used  in  ships— Description  of  some  in  the  U.  S.  Xavy 
—Ingenuity  of  sailors— lingular  mode  of  making  wooden  pumps,  from  Dampier— Old  draining  pump— 
Fomps  in  public  and  private  wells— Ic  mines— Pump  from  Agricola,  with  figures  of  various  boxes- 
Double  pump  formerly  used  in  the  mines  of  Germany,  from  Fludd's  works— The  wooden  pump  not  im 
proved  by  the  modems— Its  use  confined  chiefly  to  civilized  states. 

Some  persons  are  unwilling  to  admit  that  the  atmospheric  pump  was 
known  to  the  ancients,  and  yet  they  are  unable  to  prove  its  origin  in  later 
times  or  by  more  recent  people.  The  passages  in  ancient  authors  in  which 
it  is  supposed  to  be  mentioned  or  alluded  to,  are  deemed  inconclusive, 
because  the  terms  by  which  it  is  designated  were  also  applied  to  othei 
devices. 

To  confine  the  knowledge  of  the  ancients  to  such  departments  of  the 
arts  as  are  either  expressly  mentioned  or  referred  to  in  Greek  and  Roman 
authors,  and  to  those,  specimens  of  which  have  been  preserved  to  our 
times,  is  neither  liberal  nor  just.  Let  us  suppose  Europe  and  the  United 
States,  in  the  course  of  future  time,  thrown  back  into  barbarism,  and  all 
records  perished,  save  a  few  fragments  of  the  works  of  our  dramatists, 
poets  and  historian? ; — and  that  after  the  lapse  of  some  1500  or  250C 
vears  these  should  be  discovered— and  also  some  relics  of  our  archi- 
tecture,  pottery,  and  works  in  the  metals :  Now  we  should  think  the 
writers  of  those  days  illiberal  in  the  extreme,  who  should  conclude  that 
we  were  ignorant  of  nearly  all  branches  of  science  and  of  the  arts ;  and 
of  every  machine  which  was  not  j^rtictdarly  mentioned  or  illustrated  in 
the  former — or  of  which  specimens  were  not  found  among  the  latter. 
And  yet  something  like  this,  has  been  the  treatment  which  the  ancients 
have  received  at  our  hands. 

It  cannot  however  be  denied,  that  remains  of  their  works  still  extant, 
exhibit  a  degree  of  skill  in  architecture,  sculpture,  metallurgy,  pottery,  en- 
graving, &c.  which  excels  that  of  modern  artists.*  And  as  regards  their 
knowledge  of  hydrodynamics — let  it  be  remembered,  that  we  are  in- 
debted to  them  for  canals,  aqueducts,  fountains,  jets  d'eau,  syringes,  for- 
cing pumps,  siphons,  valves,  air  vessels,  cocks,  pipes  of  stone,  earthen- 
ware, wood,  of  lead  and  copper:  yet  notwithstanding  all  these,  and  their 
numerous  machines  for  raising  and  transferring  water,  and  the  immense 
quantities  of  tubes  for  conveying  it,  which  are  found  scattered  over  all 
Asia  as  well  as  Italy**  and  Greece,  it  has  been  gravely  asserted,  that  they 
were  ignorant  of  one  of  the  elementary  and   most  obvious   principles   of 


*It  wiu  remarked  by  the  Inte  Mr.  WeHjrewood,  who  was  donbtlens  the  most  skilfii! 
maniifactiirer  of  porcelain  in  our  own  tiine!^,  that  the  ramoiis  Bariarini  Vase  afforded 
evideuce  of  an  art  of  pottery  among  the  ancients  of  which  we  are  an  yet  ignorant 
evcD  of  the  rudiments.    Edm.  Enc^c.  vol.  ii,  20tl. 

^The  vajit  quantities  of  leaden  nipe!<  found  at  Pompeii  induced  the  Veipolitan  go 
pArntiNint  to  sell  them  a^  old  metal.     Pompeii,  vol.  i,  104. 
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hydrostatics:  viz.  that  by  >\hich  water  in  open  tubes  finds  its  own  level ' 
a  fact,  of  which  it  may  safely  he  asserted,  it  was  impossible  for  them  not 
to  have  known — a  fact  with  which  the  Indians  of  Peru  and  Mexico  were 
familiar;  and  one  expressly  mentioned  by  Pliny:  "  water,  (he  observes) 
always  ascends  of  itself  at  the  delivery  to  the  height  of  the  head  from 
whence  it  gave  receipt — if  it  be  fetched  a  long  way,  the  work  [pipe]  will 
rise  and  fall  many  times,  but  the  level  [of  the  water]  is  still  mamtained." 
Besides  the  testimony  of  Pliny,  fountains  and  jets  d'eau  are  incontro- 
vertible proofs  that  a  knowledge  of  the  fact  is  of  stupendous  antiquity  ; 
they  having  been  used  in  the  east  from  immemorial  ages. 

But  the  proof  adduced  to  establish  their  ignorance  in  this  particular,  is 
as  singular  as  the  position  it  is  brought  forward  to  s'lstain,  since  it  equally 
establishes  our  own  ignorance  of  the  same  principle  !  It  has  been  said, 
had  the  ancients  known  that  water  finds  its  level  at  both  extremities  of  a 
crooked  tube,  they  would  have  conveyed  it  through  pipes  to  supply  their 
cities,  instead  of  erecting  those  expensive  aqueducts  which  were  among 
the  wonders  of  the  world,  and  remains  of  which  still  strike  the  be- 
holder with  admiration: — in  reply  to  this  it  need  only  be  observeil,  that 
should  any  remains  of  the  Croton  aqueduct,  now  constructing  to  supply 
this  city  (New- York)  with  v/ater,  be  found  two  thousand  years  hence, 
they  may,  by  the  same  argument^  be  adduced  as  proofs  that  the  present 
engineers  of  the  United  States  were  ignorant  that  water  poured  into  an 
inverted  siphon  would  stand  at  the  same  level  in  both  its  branches. 

The  {act  is,  the  ancients  did  sometimes  convey  water  over  eminences  in 
siphons  of  an  easy  curvature.*  And  aqueducts  were  in  some  few  instan- 
ces carried  through  valleys  by  inverted  siphons.  In  the  reign  of  Claudius^ 
an  aqueduct  wac  formed  to  convey  water  from  Fourvieres  to  the  highest 
part  of  the  city  of  Lyons.  As  valleys  of  great  depth  were  in  the  line  of 
Its  course,  works  of  an  enormous  expense  would  have  been  required, 
w^hich  might  have  prevented  the  execution  of  the  project ;  consequently, 
instead  of  an  elevated  canal,  leaden  pipes  were  substituted,  forming  ati 
inverted  siphon.** 

It  is  uncertain  when  or  by  whom  the  common  atmospheric  pump  wa:i 
invented.  It  is  supposed  to  have  been  known  to  the  old  Egyptians,  and 
to  have  been  used  in  the  ship  in  which  Danaus  and  his  companions  sailed 
to  Greece.*  As  the  anilia  of  the  Greeks,  it  could  not  have  originated 
with  Ctesibius,  to  whom  it  has  sometimes  been  attributed,  since  it  or  some 
other  machine  or  device  is  mentioned  under  that  name,  by  Aristophanes 
and  ether  writers  who  flourished  ages  before  him.*  There  are  other  in- 
dications that  it  was  previously  known,  for  either  it  or  something  very 
like  it  is  mentioned  under  the  name  of  a  siphon.  This  term  it  is  known 
was  a  generic  one,  being  applied  to  hollow  vessels,  as  funnels,  cullenders, 
pipes;  and  generally  to  instruments  that  either  raised  or  dispersed  water, 
as  syringes,  catheters,  fire-engines,  sprinkling-pots,  &c.*  That  the  ma- 
chine to  which  we  refer  raised  water  by  'suction,*  is  apparent  from  an- 
cient allusions  to  it.  According  to  Bockler,  "the  Platonic  philosophers 
asserted  that  the  soul  should  partake  of  the  joys  of  heaven  as  through  a 
diphon;"  and  by  it  Theophrastus  explained  the  ascent  of  marrow  m 
bones;  and  Columella  the  rise  of  sap  in  trees.  In  these  instances,  it  is 
obvious  that  neither  the  ordinary  siphon  nor  the  syringe  could  be  intended, 
but  the   atmospheric   pump;    a   machine   that   Agricola  described  as  a 

•Fosbroke'B  Encyc.  Antiq.  i,  41.  ''Hydranlia,  Lon.  1835,  p.  254.  "See  Edin. 
Encyc.  Art.  Chronology,  vol.  vi,  26*3.  ^  Robinson's  .Antiquities  of  Greece  capL4  On 
ftlititary  AtTairs.      *  See  Ainsworth's  Diet. 
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Biplion ;  and  one  to  which  the  remark  of  Switzer  only  can  apply — "the  si- 
uhon  was  undoubtedly  the  chief  instrument  known  in  the  first  ages  of  the 
world,  (besides  the  draw-well)  for  the  raisii  g  of  water."* 

Nor  is  there  any  thing  in  the  account  given  by  Vitruvius  of  'the  Ma 
chine  of  Ctesibius,*  which  indicates  that  the  atmospheric  pump  was  not  in 
previous  use.  His  description  is  obviously  that  of  a  forcing  pump,  (and 
appears  to  have  been  so  understood  by  all  his  translators,)  one  whose 
working  parts  were  placed  not  above  but  in  the  water  it  was  employed 
to  elevate ;  whose  piston  was  solid,  and  which  by  means  of  pipes  forced 
the  water  above  itself;  that  raised  the  water  *'  very  high ;" — attributes 
"which  do  not  belong  to  the  common  pump.  It  is  true  he  has  not  men 
tioned  the  latter,  perhaps  because  it  was  not  then  employed  as  now  in 
civil  engineering,  and  therefore  not  within  the  scope  of  his  design  in  wri- 
ting his  work.  The  manner  in  which  Pliny  speaks  of  it,  shows  that  it 
was  an  old  device  in  his  time,  since  it  was  one  with  which  even  country- 
people  or  farmers,  (the  last  to  adopt  new  and  foreign  inventions)  were  fa- 
miliar. In  his  19th  Book,  *  On  Gardens,'  cap.  4,  ne  observes:  when  a 
stream  of  water  is  not  at  hand,  the  plants  should  be  watered  from  tanks 
or  wells,  the  water  of  which  may  be  drawn  up  by  pjain  pole?,  hooks  and 
buckets,  by  swapes  or  cranes,  [windlass]  "or  by  pumps  and  such  like." 
And  that  these  were  no  other  than  the  old  wooden  pump  of  our  streets 
and  such  as  our  farmers  use,  is  obvious  from  a  passage  in  his  16th  Book, 
cap.  42,  where  speakino^  of  the  qualities  and  uses  of  different  kinds  of 
wood,  he  remarks,  "  pines,  pitch  trees  and  allars,  are  very  good  to  make 
PUMPS  and  conduit  pipes  to  convey  water;  and  for  these  purposes  their 
wood  is  bored  hollow." 

Although  sufficient  time  may  be  supposed  to  have  elapsed  from  the  age 
of  Ctesibius  to  that  of  Pliny  for  the  introduction  of  the  atmospheric 
pump  to  the  countrymen  of  the  latter,  (supposing  it  to  have  been  invented 
by  the  former)  we  can  hardly  believe,  if  it  were  not  of  more  remote 
origin,  that  it  could  even  in  that  time  have  found  its  way  into  Roman 
farm-yards  and  gardens ;  much  less  that  it  should  have  superseded,  (as  it 
appears  to  have  done)  every  other  device  on  board  of  their  ships.  New 
and  foreign  inventions  were  neither  circulated  so  easily  nor  adopted  so 
readily  in  ancient  as  in  modern  days ;  and  even  now  a  long  time  would 
elapse  before  inventions  of  this  kind  would  find  their  way  through  the 
world  and  longer  before  they  became  generally  adopted.  But  had  the 
pumps  of  which  Pliny  speaks  been  of  recent  introduction,  he  would  cer- 
tainly have  said  so ;  and  had  they  been  the  '  water  forcers'  of  Ctesibius, 
to  which  he  alludes  in  his  7th  Book,  he  could  scarcely  have  avoided  re- 
cording the  fact. 

That  the  antlia  was  the  atmospheric  pump  would  also  appear  from  its 
employment  in  ships.  There  is  no  reason  to  suppose  that  more  than  three 
kinds  of  marine  pumps  were  ever  in  use — the  chain  pump,  the  screw,  and 
the  common  pump.  In  the  chapter  on  the  former  we  have  shown  that  it 
was  not  known  or  used  by  the  Greeks  and  Ronians.  The  screw  was  first 
adopted  as  a  ship  pump  by  Archimedes,  (see  page  133)  and  hence  it 
would  seem  that  the  last  only  could  be  intended  by  more  ancient  as  well 
«s  subsequent  authors  when  speaking  of  the  antlia:  that  it  was  so,  anti- 
quarians |?enerally  admit  "The  well,  (says  Fosbroke  in  his  article  on  the 
vessels  of  the  classical  ancients)  was  emptied  by  the  winding  screw  of 
Archimedes  now  in  use  ;  but  in  other  ships  by  the  antlia  or  pump."  It  is 
of  the  latter  that  Pollux  speaks,  and  to  it  Tacitus  refers  when  mention' ng 

*  Hydrostatics,  294. 
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the  jv^reck  o£  some  vessels  in  which  Germanicus  and  his  legions  sailed 
down  the  Aniisia  into  the  German  ocean:  "the  billows  broke  over  them 
with  such  violence,  that  all  the  pumps  at  work  could  not  dischargee  the 
water.*'     [B.  ii,  23.     Murphy's  Translation.] 

Martial,  the  Roman  poet,  speaks  of  the  antlia  as  a  machine  '  to  draw  up 
water;*  according  to  Ainsvvorth,  *a  pump.'  Kircher  figures  and  describes 
the  old  wooden  pump  as  the  antlia.     [Mundus  Subterraneus,  torn,  ii,  196.] 

The  Romans  appear  to  have  einployed  it  exclusively  or  nearly  sO  in 
their  navy;  and  even  in  that  of  the  Greeks  it  is  not  probable  that  the 
screw  was  extensively  adopted,  on  account  of  its  not  being. so  well  adafH 
ted  for  ships  as  the  other.  Of  this  the  former  people  seem  to  have  beeu 
convinced ;  they  preferred  the  pump  and  all  modern  nations  have  con 
firmed  their  judgment.  Had  they  used  the  screw  to  any  extent  it 
would  have  been  continued  in  European  vessels  after  the  fall  of  the  Em- 
pire, when  most  of  their  arts  and  customs  were  naturally  and  necessarily 
continued — their  ship  pumps  as  well  as  their  ships.  But  as  the  atmos- 
pheric pump  only  has  so  come  down,  we  infer  that  the  machine  now  com- 
monly used  to  discharge  water  from  the  holds  of  our  vessels  is  identical, 
or  nearly  so,  with  that  employed  by  Roman  sailors  of  old. 

The  oldest  modification  of  the  ship  pump  appears  to  have  been  that 
formerly  known  as  the  'bilge'  or  'burr'  pump;  and  it  was  the  simplest, 
for  it  had  but  one  distinct  valve,  viz.  *  the  lower  box,*  as  the  one  which 
ictains  the  water  in  a  pump  is  sometimes  named.  This  pump  kept  iis 
place  in  ships  till  the  last  century,  and  may  yet  occasionally  be  mot  with 
in  those  of  Europe.  It  was  often  worked  without  a  lever,  but  its  pecu- 
liarity consisted  principally  in  the  construction  of  the  piston  or  sucker." 
It  differed  from  the  ordinary  pump  "in  that  it  hath  a  staff,  six,  seven  or 
eight  foot  long,  with  a  bur  of  wood  whereunto  the  leather  is  nailed,  and 
this  serves  instead  of  a  box;  so  two  men  standing  over  the  pump,  thrust 
down  this  staff,  to  the  middle  whereof  is  fastened  a  rope  for  six»  eiijhl  or 
ten  to  hale  by,  and  so  they  pull  it  up  and  down."  This  account  published 
nearly  200  years  ago,  might  be  sufficiently  descriptive  then,  when  the 
pump  was  in  common  use,  but  few  persons  could  now  realize  from  it  a 
correct  idea  of  the  substitute  for  the  ordinary  sucker.  It  is  however  ra- 
ther more  explanatory  than  the  accounts  given  in  later  works.  In  some  it 
has  been  described  as  "a  long  staff  with  a  burr  at  the  end  to  pump  up  the 
bilge  water.*'  Here  the  burr  only  is  mentioned,  not  the  leather,  and  the 
idea  imparted  is  that  of  a  solid  piston,  such  as  are  used  in  forcing  pumps. 

The  sucker  of  the  bilge  pump  consists  of  a  hollow  cone  or  truncated  cone 
of  strong  leather,  the  base  being  equal  in  diameter  to  that  of  the  pump 
chamber  or  cylinder.  It  is  inverted  and  nailed  to  the  lower  end  of  the 
rod.  The  lower  edge  of  the  leather  resting  against  the  burr.  When 
thrust  down  it  collapses  and  permits  the  water  to  pass  between  it  and  the 
sides  of  the  chamber,  and  when  its  motion  is  reversed,  the  weight  of  the 
liquid  column  above  it,  presses  it  out  again.  To  prevent  the  cone  from 
sagging,  three  strips  of  leather  are  se  A^ed  to  its  upper  part  at  equal  dis- 
tances from  each  other,  and  their  other  ends  nailed  to  the  rod.  (See 
No.  85.)  The  action  of  this  sucker  is  something  like  moving  a  parasol 
up  and  down  in  water;  the  sides  close  as  the  rod  descends  and  open 
when  it  rises.  It  is  the  simplest  modification  of  the  sucker  known  and 
probably  the  most  ancient.  It  is  figured  by  Agricola,  {vide  C  in  No.  88)  but 


*This  p«rt  of  an  atmospheric  pnmp  is  sometimes  named  the  sucker,  the  bucket,  the 
npper  box,  the  pisttc-n  : — we  shall  generally  use  the  first  when  speaking  of  the  anno 
spheric  pump  ;  aiiiJ  uie  last  whei  referring  to  forcing  paiups. 


Chap.  6.J  Porlahle  Pumpt.  215 

U  not  mentioned  by  Bulidor,  Switzer,  Desa^uliers  or  Hac>iette;  nor  has  i* 
been  uoiiced  by  more  recent  writers,  with  the  exception  ol'  Mr.  Milling. 
lon«  and  perhaps  one  or  two  othera.  It  has  long  been  known  in  soma 
parts  of  the  United  Htaies.  We  noticed  it  twenty  years  ago  at  Nl-w 
Rochelle,  Westchester  county,  in  ttiis  stale,  (New- York)  and  were  iu- 
Tormed  by  a  pump  maker  there,  that  they  "always  hud  it."  It  ia  not 
however  universally  known,  for  in  1831  a  patent  was  taken  out  fbr  it.'' 

There  is  another  applicalion  of  the 
burr  pump  in  ships  that  is  probably 
due  to  old  navigators.  We  allude  to 
the  use  of  those  iwtablo  instruments 
which,  says  an  old  author,  "are  made 
of  reed,  cSne,  or  lateti,  [bruss]  that  sea- 
'  men  put  di)Wn  into  their  casks  to  pump 

up  the  drink,  fur  they  use  no  splck- 
ets."  No.  85  represents  one,  with  a 
separate  view  of  the  sucker,  from  an 
illustrated  edition  of  Virgil,  of  the  16rh 
century.  They  appear  to  be  of  con 
siderable  antiquity  and  were  perhaps 
used  for  the  same  purpose  by  the  an- 
cient sailors  of  Tyre  and  Carthage, 
G  recce  and  Rome.  No.  86  is  a  figure 
of  the  common  liquor  pump,  derived 
from  the  former.  It  is  from  IS  Art  du 
Dittillalmr,  in  '  Deicrijitionf  des  Aria  ct 
_  Millers,'  folio,  Paris,   1761.     The  se- 

'  parate  section  of  the  lower  part  shows 

\".nv    Sailon'  No.M.    Liquor  S        ,l  ■  l  i,  ■       i 

VniTUk  Hump.  puap.  the    'boxes'    to   have  been  similar  to 

those  now  often  used.  Another  sucker 
19  figured  with  a  spherical  valve  ;  a  boy's  marble,  or  a  small  ball  of  metal 
bi-ing  placed  loosely  over  the  orifice,  instead  of  a  clack.  It  was  at  that 
time  made  both  of  tin  plate  and  of  copper   as   at   present.     One   of  these 

f'Umps  is  mentioned  by  Conrad  Gesner,  as  constituting  part  of  a  portable 
talian  distillery,  in  the  former  part  of  the  16th  century,  at  which  period 
it  seems  to  have  been  common.     See  a  reference  to  it,  page  SIS. 

Ship  pumps  seem  to  have  been  made  of  bored  wooden  logs  since  the 
days  of  the  elder  Pbny,  and  probably  were  so  by  both  Greeks  and  Ro- 
mans lon^  before  his  time.  We  learn  that  they  were  ma.'Ie  by  tkip- 
teris^Utt,  I.  e.  by  a  certain  class  of  them.*  At  the  present  day,  every 
person  knows  that  wooden  pumps  are  oftener  to  be  found  in  ships  than 
«ny  other;  this  has  always  been  the  case.  It  is  to  them  only  that  refe- 
rence is  made  in  (he  relations  of  early  voyag-es.  The  vessels  of  Colum- 
bus,* Vasco  de  Gama  and  Magalhanes,  were  furnished  with  them;  indeed 
nn  other  kind  appears  to  have  been  used  by  old  ^European  navigators. 
From  the  importance  of  efficieiit  machines  to  raise  water  from  ships,  it 
mny  reasonably  be  supposed  that  if  any  nation  bad  possession  of  a  supe- 
rior one,  it  would  soon  have  been  adopted  by  the  rest ;  but  there  is  not 
the  slightest  intimation  of  any  dl(fei-ence  between  them,  The  pump  in 
Spanish,  Portuguese,  English  and  French  vessels,  is  spoken  of  as  com- 
mon; as   much   so  as  the  anchor  or  rudder:   thus — wben  the   Vt/aria  one 

■KpitoiDS  of  Philosophy,  Lon.  1823,  p.  199.  >  Journal  of  the  Franklin  loxti 
finM.  vnl.  ii.  2X>.  '  Lariiner'i  Arl<  of  the  Greelcs  toA  Romans,  vol.  i,  ;t50.  ■  li 
ling'*  Colambiu,  vol.  ii,  12T. 


216  Pumpa  in  American  Skips.  [Book  1 1 

of  Magali.anes*  fleet,  put  into  St.  Jago  on  her  return  in  1522,  a  boat  was 
sent  ashore  for  provisions,  and  "some  negroes  to  assist  in  toorking  the 
jfuynps,  many  of  the  ship's  company  being  sick,  and  the  leaks  having  in 
creased."*  In  the  account  of  Frobisher's  third  voyage  in  search  of  a 
north-west  passage  in  1578,  the  Anne  Francis  having  run  on  a  sunken 
rock,  "they  had  above  two  thousand  strokes  together  at  t/ie  pumpe  be 
fore  they  could  make  their  shippe  free  of  the  water,  so  sore  she  was 
brused."**  In  the  voyage  of  some  English  vessels  to  the  north  the  fol- 
lowing year,  one  was  nearly  lost;  "by  mischance  the  shippe  was  bilged 
on  the  grapnell  of  the  Pavos,  [another  vessel]  whereby  the  company 
owners]  had  sustained  great  losses,  if  the  chiefest  part  of  their  goods 
lud  not  been  layde  into  the  Pavos.  for  notwithstanding  their  pumping 
with  three  pumpes,  heaving  out  water  with  buckets  and  all  the  best  shifts 
they  could  make,  the  shippe  was  halfe  full  of  water  ere  the  leake  could 
be  found  and  stopt."«  In  November  1599,  two  large  Portuguese  ships 
arrived  at  Terceira  in  distress,  having  been  separated  in  a  storm,  during 
which  they  "were  forced  to  use  aU  their  puinpes'*  to  keep  afloat.**  Ta- 
vernier  sailed  in  1652,  from  the  Persian  Gulf  to  Maslipatan  in  a  large 
ship  belonging  to  the  king  of  Golconda; — ^a  storm  arose  and  became  so 
violent  that  the  water  "rowl*d  in  from  stem  to  stern,  and  the  mischief 
was  that  our  pumpcs  were  nought."  Fortunately  several  bales  of  leather 
were  on  board,  of  which  they  made  bags  or  buckets,  "which  being  let 
down  from  the  masts  with  pulleys  through  certain  great  holes  which  were 
cut  in  the  deck,  drew  up  a  vast  quantity  of  water."* 

Wooden  pumps,  with  and  without  metallic  cylinders  and  boxes,  are  still 
common  in  European  and  American  ships  of  war.  The  latter  with  few 
exceptions  have  no  other.  A  description  of  those  on  board  the  North  Ca- 
rolina, a  ship  of  the  line,  may  possibly  interest  some  readers.  This  ves- 
sel has  six.  They  are  large  trees  bored  out  and  lined  with  lead.  They 
reach  from  the  surface  of  the  main  gun  deck  to  the  well,  a  distance  of 
twenty-three  feet.  A  brass  cylinder,  2  feet  9  inches  long  and  9  inches 
bore,  in  which  the  piston  works,  is  let  into  the  upper  part  of  each; 
The  piston  rods  (of  iron)  pass  through  the  centre  of  a  gm'de  piece,  se- 
cured over  every  pump,  and  are  thus  k\,pt  from  deviating  from  a  perpen- 
dicular position.  They  are  connected  to  the  levers  by  slings  as  in  the 
common  brass  lifting  pump  and  some  others.  The  levers  are  double,  and 
shaped  like  those  oi  fire-engines,  staves  of  wood  being  slipped  through 
the  rings  whenever  the  pumps  are  worked.  Each  lever  works  two  pumps; 
and  the  length  of  stroke,  or  the  distance  through  which  the  pistons  move 
in  the  cylinders,  is  14  inches.  The  pistons  or  upper  boxes  are  of  brass 
With  butterfly  valves;  the  band  of  leather  round  each  is  secured  by 
screws,  (in  place  of  nails  in  the  wooden  box.) 

'Necessity  is  the  mother  of  invention:'  the  truth  of  this  proverb  is  often 
illustrated  by  seamen,  especially  as  regards  the  raising  of  water.  Nu- 
merous are  the  instances  in  which  they  have  relieved  themselves  froiE 
situations  so  alarming  as  to  paralyze  the  inventive  faculties  of  most 
other  men;  either  by  devices  to  work  the  ordinary  pumps  when 
rheir  strength  was  exhausted,  or  in  producing  substitutes  for  them  when 
worn  out.  A  singular  example  of  the  latter  is  mentioned  by  Dampier, 
which  may  be  of  service  to  sailors.  It  is  attributed  to  a  people  who  are 
Qot  remarkable  for  their  contributions  to  the  useful  arts,  and  on  that  account 


•B:irney*8  Voyn^es.  vol.  i.  112.  ^•Hacklu/l's  Collection  of  Voyafes.  Ac.  Lou 
!r)98.  hlnck  letter,  vol.  iii,  88.  « Ibid,  vol.  i.  421.  *.\9tlcy'«  Collection  of  Voyagei 
Lon.  1746,  vol.  i,  227.      •  Travels  in  India,  J^n.  1678,  p.  90. 
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it  would  hardly  be  just  to  omit  it.  In  the  course  of  Dampier's  voyage 
round  the  world,  while  sailing  (in  1687)  along  the  west  side  of  Minda^ 
nao,  one  of  the  Philippine  Islands,  he  concluded  to  send  the  carpenters 
ashore  to  cut  down  some  trees  for  a  bowsprit  and  topmast.  "And  our 
pumps  being  faulty  and  not  servFceable,  they  did  cut  a  tree  to  make  a 
pump.  They  first  squared  it,  then  sawed  it  in  the  middle,  and  then  hol- 
lowed each  side  exactly.  The  two  hollow  sides  were  made  big  enough 
to  contain  a  pump-box  in  the  midst  of  them  both,  when  they  were  joined 
together ;  and  it  required  their  utmost  skill  to  close  them  exactly  to  the 
making  a  tight  cylinder  for  the  pump-box,  being  unaccustomed  to  such 
work.  We  learned  this  way  of  pump-making  from  the  Spaniards,  who 
make  their  pumps  that  they  use  in  their  ships  in  the  South  Seas  after  this 
manner ;  and  I  am  confident  that  there  are  no  better  hand-pumps  in  the 
world  than  they  have."  (Dampier's  Voyages,  vol.  i,  443.)  In  the  ab- 
sence of  tools  to  bore  logs  the  device  is  an  excellent  one,  and  in  some 
particulars  such  a  pump^  would  be  superior  to  the  common  one.  It  is 
not  so  readily  made  as  one  of  planks,  but  it  is  more  durable. 

Various  ingenious  modes  of  working  their  pumps  have  been  devised 
by  seamen  and  others ;  the  power  of  the  men  has  been  applied  as  in  the 
act  of  rowing — ^this  plan  by  far  the  most  efficient  is  adopted  in  the  French 
navy.  A  rope  crossed  over  a  pulley  and  continued  in  opposite  directions 
on  a  ship's  deck,  so  that  any  number  of  men  may  be  employed  at  the 
same  time,  has  been  extensively  used  in  pumps  with  double  suckers,  as 
shown  at  No.  92.  Ropes  passed  through  blocks  and  connected  to  the 
brake  of  the  common  pump  have  also  been  worked  in  a  similar  way. 
Captain  Leslie,  in  a  voyage  from  Stockholm  to  this  country,  adopted  the 
following  plan,  which  in  a  heavy  gale,  may  be  very  efficient :  *  He  fixed 
a  spar  aloft,  one  end  of  which  was  ten  or  twelve  feet  above  the  tojj  of  his 
pumps,  and  the  other  projected  over  the  stern :  to  each  end  he  fixed  a 
block  or  pulley.  He  then  fastened  a  rope  to  the  pump  rods,  and  after 
passing  it  through  both  pulleys  along  the  spar,  dropped  it  into  the  sea 
astern.  To  the  rope  he  fastened  a  cask  of  1 10  gallons  measurement  and 
containing  about  60  gallons  of  water*  This  cask  answered  as  a  balance 
weight,  and  every  motion  of  the  ship  from  the  roll  of  the  sea  made  the 
machinery  work.  When  the  stern  descended,  or  when  a  sea  or  any  agi 
tation  of  the  water  raised  the  cask,  the  pump  rods  descended  ;  and  the 
contrary  motion  of  the  ship  raised  the  rods,  when  the  water  flowed  out 
The  ship  was  cleared  out  in  four  hours,  and  the  exhausted  crew  were 
of  course   greatly  relieved.' 

A  ship  pump  made  of  such  boards  or  plank,  as  are  commonly  found  on 
board  of  large  vessels,  was  devised  by  Mr.  Perkins,  for  which  he  received 
a  gold  medal  from  the  London  Society  of  Arts.  It  is  figured  and  described 
in  che  38th  volume  of  the  Society's  Transactions. 

The  facility  with  which  wooden  pumps  are  made  and  repaired,  the 
cheapness  of  their  material,  the  little  amount  of  friction  from  pistons 
working  in  them,  and  their  general  durability,  have  always  rendered  them 
more  popular  than  others.  Like  many  of  our  ordinary  machines,  they 
seem  to  have  been  silently  borne  down  the  stream  of  past  ages  to  the 
I5th  and  lOth  centuries,  when,  by  means  of  the  printing  press,  they  first 
emerge  into  notice  in  modern  times.  The  earliest  representation  of  one 
we  have  met  with  in  print  is  in  the  German  translation  o£  Vegctius,  on  the 
same  page  with  No.  82,  the  bellows  pump :  No.  87,  on  next  page,  is  a  copy. 
It  is  square,  made  of  planlc  and  apparently  designed  to  drain  a  pond  or 
marsh.  The  piston  or  sucker,  which  is  separately  represented,  is  cylin- 
fl*if:ai  and  was  perhaps  intended  to  8h)w  a  variation   in  the  constiuctiou 
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of  that   instrument     It   has   no    valve    or 

ciack,  but  appears  to  lie  a  modi!  cation  oT 

sed  in  the  old  bilge  puR^,   wliich 

"'■ — mparea   to   a  'gunner's 

sponge.' 

There  are  numerous  proora  in  uiJ  au 
tliors,  that  pumps  were  common  in  xceU*  ic 
the  15th  century,  since  they  are  mentioned 
in  the  earlj  purt  of  the  following  one,  as 
things  in  ordmary.  In  1546,  th«y  were 
used  to  some  extent  in  those  of  London. 
In  the  'Practice  of  the  New  and  old  Phi- 
sicke,'  by  Conrad  Gesner,  (who  died  ir. 
1565)  translated  by  George  Baker,  'one  of 
the  Queene's  maiestioa  chitfe  chirurgiana  in 
ordinary,'  and  dedicated  to  Elizabeth,  (Lon. 
black  letter,  1599,)  is  a  description  of  a 
Florentine  distilling  apparatus,  to  which  a 
.\i>.B7.   A.D.  isil.  portable  pump  was  attached;  the  latter  is 

described  as  "an  instrument  which  Is  eo 
formed  that  the  water  by  sucking  is  forced  to  rise  up  and  run  forth,  as  the 
like  practice  is  t^lai  used  m  pit»  of  water  or  wdles."  Fnlio  SIA.  Tlie  cele- 
brated mathematician,  necromancer,  and  alchymist,  Dr.  John  Dee,  who 
was  freijuently  consulted  by  ijuecn  Elizabeth,  had  a  pump  in  uie  well  be- 
longing to  his  house.  In  Beroald's  commentary  on  the  44th  propositioti  of 
Besson,  (the  ciiaiii  of  pots)  he  observes  that  it  "open}  sans  intermission  en 
tirant  I'eau  de  tout  puits  facilement  Man»  fOJiViKa."^  Sarpi,  who  first  dis- 
covered the  valves  of  the  veins,  compared  them  to  those  of  a  pump, 
'opening  to  let  the  blood  pass,  but  shutting  to  prevent  il^  return.' 

But  pumps  had  not  wholly,  in  the  16ih  century,  superseded  the  old 
mode  of  raising  water  with  buckets  in  European  cities.  At  that  time  a 
great  piirtion  of  the  wells  were  open — of  this,  numberless  ir.timacions 
might  be  found.  Thus  in  Italy,  the  poet  Aurelli,  who  was  made  gover- 
nor of  a  city  by  Leo  X.  was  murdered  by  tiie  inhabitants  on  account  of  hit 
tyranny,  and  his  body  with  that  of  his  mule  thrown  into  a  well.  In  Lon- 
don, it  was  not  till  the  latter  part  of  the  following  century  (hat  the  chain 
and  pulley  disappeared.  This  is  evident  from  the  fallowing  enactment  of 
the  cimmon  council  of  that  city  the  year  after  the  great  fire.  (1667)  "And 
fur  the  effectual  supplying  the  engines  and  squirts  with  water,  pumps  are 
to  be  placed  in  all  wells  i"""^ — a  proof  that  many  were  open  and  the  water 
raised  in  buckets. 

Pumps  are  also  described  in  old  works  on  husbandry,  gardening,  &c. 
from  which  it  appears  that  they  were  often  used  to  raise  water  for  irriga- 
tion. In  the  'Syslema  Agriculturie,  being  the  mystery  of  Husbandry 
discovered  and  laid  open,'  Lon.  1075,  directions  arc  given  respecting  va- 
rious modes  of  making  and  working  them;  and  it  is  particularly  di- 
rected that  the  rods  be  made  of  stich  a  length  as  to  permit  the  suckers  or 
'  upper  boxes'  to  descend  at  every  stroke  below  the  surface  of  the  water 
in  the  well ;  this  it  is  observed,  'saves  much  trouble.'  The  same  remark 
accompanies  an  account  nf  windmills  for  watering  land  [pumps  driven 
by  them}  in  the  old  '  Dictionarum  Rusticum.' 

In  the  mines  of  Hungary  pumps  were  ?arly  introduced,  but  at  whs' 
period  is  uncertain.     It  is  not  improbable  that  those  described  by  Agri- 

■  Thealru  des  liutrumens.  1579.       * HoiUaud'a  Hiilory  at  London,  p.  iK>7. 
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cola,  were  similar  to  such  as  were 


lit  it  into  the  lower  end  of  the  ^uin^i  lu" 
upper  box,  oi  a  kind  occasionally  used 
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ome  of  the  same  mints  by  the 
ancients,  and  have  always  formed   part  ol 

the  machinery  for  discharffing  water  from 
them  since  the  fall  of  tlie  Roman  empiro. 
All  that  are  figured  in  ihe  De  Re  Me  tallica, 
are  extremely  simple,  and  with  one  excep- 
tion are  atmosphenc  or  sucking  piimpd. 
They  are  all  of  bored  logs.  Some  are  sin- 
gle pumps,  and  are  worked  by  men  with 
levers,  cranks,  and  also  by  a  kind  of  pendu- 
lum. Others  are  double,  trij)le,  &c.,  and 
worked  by  water  wheels.  Of  the  last  some 
are  arranged  in  rows,  and  the  piston  rods 
raised  by  cams  as  in  a  stamping  mill;  the 
weight  of  the  rods  carrying  them  down. 
Others  are  placed  in  tiers  one  above  ano- 
ther; the  lowest  one  raises  the  water  from 
the  bottom  of  the  shaft  or  well,  and  dis- 
charges it  into  a  reservoir  at  its  upiHir  end ; 
into  this  reservoir  the  next  pump  is  placed, 
which  raises  it  into  a  higher  one,  and  so  on 
to  the  top.  A  pump  of  this  kind  fi-om  Ag 
ricola,  has  been  often  ro published.  It  was 
copied  by  Bockler  and  others.  A  figure  of 
it  is  inserted  in  Gregory's  Mechanics,  Ja- 
mieson's  Dictionary,  &c, 
"'  We  have  selected  No.  88,  as  a  specimen 

of  a  single  pump,  and  of  upper  and  lower 
two  of  the  latter;  the  upper  part  of  oi 
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I  of  the  figure.     The  aeparati 


e,s  tapered  to 
one.  D,  B.  an 
present  time.  The  valve  or 
ck  is  a  disk  laid  loosely  over 
the  apertures,  and  is  kept  in  its 
place  by  the  rod,  which  passee 
through  its  centre  and  admits  it 
to  rise  and  fall.  C,  the  conical 
sucker  referred  lo,  p.  214. 

The  annexed  figure  of  a 
double  pump  is  from  Fludd's 
works.  It  appears  to  have 
been  sketched  by  him  while  in 
Germany,  from  one  in  actual 
use.  It  is  represented  juf 
worked  by  a  water  wheel, 
that,  by  means  of  cog  wheels 
transmitted  motion  to  the  hori- 
zontal shaft;  the  cams  on  which 
alternately  depressed  one  end 
of  the  levers  to  which  the  pump 
rods  were  attached,  and  thus 
raised  tbe  latter.  They  de- 
scended Sy  their  own  weight, 
as  will  appear  from  an  inspec- 
of  a  rod  is  iiitended  to  show  the 


of  cranks  on  the  horizontal  shaft,  in  place  of  e 
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vers.  The  lower  ends  of  the  pumps  are  inserted  in  baskets  which  act  a« 
strainers.  A  double  series  of  pumps,  (one  over  the  other)  as  employed 
in  a  mine  at  Markirch  in  Germany,  is  also  figured  by  Fludd.  It  is  inte- 
resting on  account  of  the  mode  of  communicating  motion  to  the  rods.  A 
crank  on  the  axle  of  a  water  wheel  imparts  motion  to  a  walking  beam,  as 
in  a  steam  engine ;  (in  the  latter  the  operation  is  reversed)  and  the  pump 
rods  are  attached  to  both  ends  of  the  beam.* 

The  idea  may  probably  occur  to  the  general  reaUer,  that  the  mechani 
cal  talent  and  enterprise  of  the  preceding  and  present  century,  which 
have  produced  so  many  original  machines  and  scarcely  left  an  ancient 
device  unimproved,  must  have  imparted  to  the  old  atmospheric  pump  new 
features,  and  made  it  capable  of  increased  results.  It  is  true  that  few  de- 
vices have  occupied  a  greater  share  of  attention,  and  on  none  have  more  ef- 
forts to  improve  them  been  bestowed;  but  how  far  these  have  been  suc- 
cessful may  be  inferred  from  the  fact — that  notwithstanding  the  endless 
variety  of  forms  into  which  its  working  parts  have  been  changed,  and 
the  great  number  of  ailed ged  improvements  in  suckers,  pistons,  valves,  &c. 
the  machine  as  made  by  the  ancients,  still  generally  prevails ;  so  that 
were  some  of  their  pump  makers  to  reappear,  and  visit  their  fellow  crafts- 
men throughout  the  world,  they  would  find  little  difRculty  in  resuming 
their  occupation. 

The  pump,  although  a  simple  instrument,  is  confined  chiefly  to  civilized 
states,  while  the  extent  to  which  It  is  employed,  indicates  pretty  correctly 
the  degree  of  refinement  attained  by  the  people  who  possess  it.  Whether 
it  was  known  to  the  Egyptians  under  the  Pharaohs  or  not,  may  be  a 
question ;  but  when  Egypt  under  the  Greeks  realized  a  partial  revival  of 
her  former  glory,  the  forcing  pump  we  know  made  its  appearance  there; 
and  under  the  second  Ptolemy,  when  that  country  was  a  school  for  the 
rest  of  the  world,  ^ts  most  valuable  modifications  were  known.  In  suc- 
ceeding afires,  the  atmospheric  pump  has  been  a  regular  attendant  on  the 
revival  of  learnmg  and  of  the  arts.  Wherever  these  have  made  the  most 
progress,  tJuire  ♦.he  pump  is  mostly  used.  In  Germany,  France,  Holland, 
Great  Britain,  and  the  United  States,  it  is  most  extensively  employed.  In 
Spain.  Portugal,  Mexico  and  South  America,  but  partially  so.  In  Turkey, 
Egypt,  Gre'^ce,  &c.  still  less ;  while  in  Asia  and  Africa,  generally,  it  is  un- 
known.** Egypt,  even  under  the  auspices  of  Mohammed  AH,  is  not  yet  pre- 
pare to  receive  it  again.  Its  history  in  any  country  is  that  of  the  people. 
Take  JVnssIa  for  an  example :  of  the  devices  for  raising  water  there,  we 
are  informed  the  inhabitants  use  the  swape,  a  rope  passing  over  a  pulley, 
(Noj«  13  and  14)  a  drum  on  which  a  rope  is  wound,  (No.  23)  horizontal 
and  vertical  wheels,  and  lastly  pumps;  these  last  it  is  said,  were  formerly 
very  rare^  but  are  now  become  common^  Just  so  of  the  people,  they  were 
formerly  very  rude  and  ignorant,  but  are  now  becoming  enlightened. 

*Do  Naturae  Simia  sen  Technica  macrocosroi  hUtoria,  pp.  453,  455. 
^  Ab  regards  a  knowledge  of  the  pump  in  China,  see  remarks  on  Chinese  bellowR,  in 
(he  next  Book. 
*^l«)-eli's  Cinracterof  the  Riusians,  and  a  detailed  history  of  Moscow.  Lon.  1S23,  p  6& 
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CHAPT  E  R     VII. 

MeUlIic  pumps— Of  more  •ztended  application  than  those  of  wood-  Description  of  one — Devices  M 
prevent  water  in  them  fVom  freesiup — Wolls  being  closed,  no  obstacle  in  raining  water  IVom  them— Ap 
plication  of  the  atmospheric  pump  to  draw  water  IVom  great  distances  as  well  as  deptli— Singular  cir< 
cnmstance  attending  the  trial  of  a  Spanish  pump  in  Seville — Excitement  produced  by  it — Water  raised 
to  great  elevatioiis  by  aimospheric  pressure  when  mixed  with  air — Deceptions  practised  on  this  prin- 
eiple — ^Derice  to  raise  water  fifty  feet  by  atmospheric  pressure— Modifications  of  the  pump  innumerable 
— Pumps  with  two  pistous— French  marine  pump— Curved  pump — Muschenbroeck's  pumi>— CentriAigal 
pump— West's  pump-'Jorge's  improvement — Original  centrifugal  pump— Ancieui  buckets  figured  in  this 
cfa«pt«r. 

That  the  public  hydraulic  machinery  of  the  Romans  was  ot*  the  most 
durable  materials  sutnciently  appears  from  Vitruvius.  The  chain  of  pots 
described  by  him  was,  contrary  to  the  practice  in  Asia  and  Egypt,  wholly 
of  metal — the  chain  was  of  iron  and  the  buckets  of  brass.  The  pumps 
of  Ctesibius  that  were  employed  in  raising  water  to  supply  some  of  the 
public  fountains,  he  informs  us,  were  also  of  brass  and  the  pipes  of  cop- 
per or  lead.  Some  of  the  oldest  pumps  extant  in  Europe  are  formed  al- 
together of  the  latter.  Leaden  pumps  were  very  common  in  the  I6th 
century.  They  are  mentioned  by  old  physicians  among  the  causes  of  cer- 
tain diseases  in  families  that  drank  water  out  of  them.  The  pump  of  tho 
celebrated  alchymist,  Dee,  alluded  to  in  the  last  chapter,  was  a  leaden 
one ;  and  which  he  expected  to  be  able  to  transmute  into  gold,  by  means 
of  the  elixir  or  the  philosopher's  stone,  which  he  spent  his  life  and  fortune 
:'n  seeking.  In  the  vicinity  of  some  English  lead  mines  such  pumps  have 
for  many  centuries  been  in  use.  The  Italian  pump  that  led  to  the  disco- 
very of  atmospheric  pressure  was  also  a  metallic  one. 

The  introduction  of  metals  in  the  construction  of  pumps  greatly  ex- 
tended their  application  and  usefulness,  for  they  were  then  no  longer  re- 
quired to  be  placed  directly  over  the  liquids  they  raised.  Those  of  wood 
were  necessarily  placed  within  the  wells  out  of  which  they  pumped 
water;  but  when  the  working  cylinder  and  pipes  were  of  copper  or 
lead,  the  former  might  be  in  the  interior  of  a  building,  while  the  reservoir 
or  well  from  whence  it  drew,  water,  was  at  a  distance  outside ;  the 
pipes  forming  an  air-tight  communication  between  them  under  the  surface 
of  the  ground. 

The  following  figure,  (No.  90)  represents  a  common  metallic  sucking 
pump ;  the  cylinder  of  cast-iron  or  copper,  and  the  pipes  of  lead.  It 
will  serve  to  explain  the  operation  of  such  machines  in  detail,  and  to 
show  the  extent  of  their  application.  When  this  pump  is  first  used,  water 
is  poured  into  the  cylinder  to  moisten  the  leather  round  the  sucker,  and 
the  pieces  which  form  the  clacks  or  valves ;  it  also  prevents  air  from  pas- 
sing down  between  the  sucker  and  the  sides  of  the  cylinder  when  th© 
former  is  raised.  Now  the  atmosphere  rests  equally  on  both  orifices  of 
the  pipe,  the  open  one  in  the  well,  and  the  other  covered  by  a  valve  at 
ihe  bottom  of  the  cylinder :  In  other  words,  it  presses  equally  on  the 
water  in  the  cylinder  and  in  the  well  which  covers  both  ;•  but  when  by 

*\ot  ah:<oliUety  so.  or  iu  a  strict  philosophical  sense,  but  the  difTenence  is  so  slif^hl  in 
ui  altitude  of  25  or  28  feet,  (the  ordinary  limits)  as  to  he  inappreciahli*  iu  a  practicji 
ropit  of  view. 
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the  depression  of  llie  handle  or  lever,  the  sucker  U  raised,  this  equality  !■ 
destroyed,  for  the  atmospheric  calumn  over  the  cylinder,  and  consequently 
over  the  valve  O  is  liftea  up,  and 
sustained  by  the  sucker  alone;  it 
therefore  no  longer  presses  on  the 
upper  orifice,  while  its  action  on  the 
lower  one  remains  undiminished. 
Then  as  the  external  air  cannot  en- 
ter the  pipe  to  restore  the  equili- 
brium except  through  its  orifice  im- 
mersed in  [he  well  j  in  its  efTorts  to 
do  so,  {if  the  expression  is  allowa- 
ble^ t  necessarily  drives  the  water 
befori!  it  on  every  ascent  of  the 
sucker,  until  the  air  previously  con- 
tained in  the  pipe  is  expelled,  and 
both  pipe  and  cylinder  become  filled 
with  water. 

The  subsequent  operation  is  ob- 
vious. When  the  sucker  descends, 
the  clack  on  its  upper  surface  is  rai- 
sed by  the  resistance  of  the  water 
through  which  it  passes  ;  and  when 
at  the  bottom  of  the  cyUnder,  this 
clack  closes  by  its  own  vreight:  so 
that  when  the  sucker  is  again  eleva- 
No,  90,   ConuioD  Haiitik  Pumi..  ted,  besides   overcoming   the   resis- 

tance of  th«  atmosphere,  it  carries 
up  all  the  water  above  it,  and  which  it  discharges  at  the  spout — at  the 
same  time  the  atmosphere  resi.ing  undisturbed  on  the  water  in  the  well, 
pushes  up  a  fresh  portion  into  the  vacuity  formed  in  the  cylinder,  and  the 
valve  O  prevents  its  return, 

Tne  horizontal  distance  between  the  cylinder  or  working  part  of 
the  pump  and  the  well  is,  in  theory  unlimited,  but  in  practice  it  seldom 
exceeds  one  or  two  hundred  feet.  In  all  cases  where  long  pipes  are 
used,  their  bore  should  be  enlarged  in  proportion  Co  their  length,  or  the 
velocity  with  which  the  sucker  is  raised,  should  he  diminished  ;  and  for 
this  reason — lime  is  required  to  overcome  the  inertia  and  friction  of  long 
columns  of  water  in  pipes;  hence  a  sucker  should  never  be  raised  faster 
than  the  pipe  can  furnish  water  to  fill  the  vacuity  formed  by  its  accent. 
In  pumps  whose  pipes  have  too  small  a  bore,  it  frequently  happens  that 
the  sucker  is  forcibly  driven  back  when  quickly  raised,  because  the  water 
had  not  time  to  rush  through  the  pipe  and  fill  the  vacuity  in  the  cylinder 
(M  rapt'/Zy  as  it  was  formed.  The  bore  of  wooden  pumps  being  equal 
throughout,  the  water  is  not  pinched  or  wiie-drawn  while  passing 
tlirough  them,  as  in  most  of  those  of  metal.  This  is  one  reason  why  ihey 
generally  work  easier  than  the  latter.  It  is  immaterial  in  what  part  of 
the  pipe  the  valve  O  is  :  it  is  usually  placed  at  the  upper  end  for  the  con- 
iience  of  ffettine:  to  it  when  requiring  repairs.      When   it   fits  close   to 


t  gettmg  to  It  when  requinng  repairs, 
its  seat,  the  water  always  remains  suspended  in  the  pipe,  (unlees  tke  latter 
should  he  defective)  as  mercury  is  sustained  in  a  haromoter  tube, 
■  In  cold  climates  it  is  a  matter  of  some  importance  to  prevent  water  ir 
pumps  from  freezing.  Metallic  pumps  are,  from  the  superior  conducting 
property  of  their  material,  more  subject  to  this  evil  than  those  of  wood. 
Of  various  devices  a  few  may  be  mentioned.    The  old  mode  of  enclonng 
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the  pump  In  a  case  containing  tanners*  bark,  charcoal,  the  dung  of  hor* 
tes.  &c.  is  continued.  Others  are  to  prevent  the  valve  O  from  sitting  chise 
to'  its  seat,  or  to  open  it,  by  pressing  'he  sucker  upon  a  pin  attached  to 
it,  so  that  the  contents  of  the  cylinder  and  pipe  may  descend  into  the  well ; 
hence  every  time  the  pump  is  used  a  fresh  portion  is  required  to  *p-ime 
it-'  A  more  common  method  is  to  connect  the  lower  part  of  the  cylinder 
with  the  suction  pipe  by  a  stop  cock  and  short  tube,  as  at  C.  By  opening 
the  cock  the  water  in  the  pump  descends  through  it  into  the  pipe.  But 
the  usual  practice  in  this  country,  is  to  make  the  cylinder  of  such  a  length 
that  two  or  three  feet  of  it  may  be  below  the  surface  of  the  ground,  and 
out  of  the  reach  of  the  frost ;  about  a  foot  above  the  valve  O  or  lower 
box,  a  plain  cock  is  inserted  :  in  winter  this  cock  is  left  partially  open, 
ana  the  water  above  escapes  slowly  through  it  into  the  ground ;  while 
that  below,  into  which  the  sucker  is  made  to  extend  at  its  lowest  position, 
serves  instead  of  fresh  'priming.* 

A  similar  device  is  attached  to  the  lateral  pipes  that  convey  the   watei 
of  the  Schuylkill  into  the  houses  of  Philadelphia. 

Some  persons  can  scarcely  conceive  how  the  atmosphere  can  have  ac 
cess  to  a  well,  while  the  latter  is  covered  with  slabs  of  stone  or  timber, 
and  a  thick  bed  of  clay  or  mould  over  all.  They  forget  that  it  is  the  ra- 
rity of  air,  the  extreme  minuteness  of  its  particles,  which  enables  it  to 
circulate  through  the  finest  soils,  as  freely  as  people  pass  through  the  va- 
rious chambers  and  passages  of  their  dwelhngs.  Were  the  sides  of  a 
well  coated,  and  its  mouth  covered  with  the  best  hydraulic  cement— no 
sooner  could  the  sucker  or  piston  of  a  pump  produce  a  partial  vacuum 
within  it,  than  the  air  would  stream  through  the  cement  as  water  through 
a  colander  or  shower  bath.  And  if  the  top  and  sides  were  rendered  per- 
fectly air-tight,  it  would  then  enter  the  bottom  and  ascend  through  the 
water  without  any  perceptible  obstruction.  If  it  were  possible  to  make 
a  well  impervious  to  air,  no  water  could  be  raised  from  it  by  one  of  these 
pumps:  no  movement  of  the  sucker  could  then  bring  it  up.  We  might 
examine  the  apparatus  with  solicitude — remove  its  defects  with  care — 
consult  the  learned  with  the  Florentines,  or  get  enraged  like  the  Spanish 
pump  maker  of  Seville; — still,  the  water,  like  Glendower's  spirits  of  the 
deep,  would  in  spite  of  all  our  efforts  refuse  to  rise. 

When  the  atmospheric  pump  is  required  to  raise  water  from  a  perpen- 
dicular depth,  not  exceeding  26  or  28  feet,  (i.  e.  in  those  parts  of  the  earth 
where  the  mercury  in  the  barometer  generally  stands  at  30  inches)  the 
length  of  the  cylinder  need  not  exceed  that  which  is  required  for  the 
stroke  of  the  sucker.  In  all  cases,  the  perpendicular  distance  between 
the  sucker,  when  at  the  highest  point  of  its  stroke  and  the  level  of  the 
water,  should  never  exceed  the  same  number  of  feet  as  the  tube  of  a  ba- 
rometer, at  the  place  where  the  pump  is  to  be  used,  contains  inches  of  mer- 
cury. But  in  the  temperate  zones  where  pumps  are  chiefly  used,  the  pres- 
sure of  the  air  varies  sometimes  to  the  extent  of  two  inches  of  mercury,  or 
between  two  and  three  feet  of  water;  hence  the  distance  should  be  some 
thing  less.  And  as  the  level  of  water  in  wells  is  subject  to  changes,  it  is  the, 
laudable  practice  of  pump  makers  to  construct  the  cylinder  and  rod  of  the 
sucker,  of  such  a  length,  that  the  latter  may  always  work  within  26  or  28 
feet  of  the  water. 

By  keeping  the  above  rule  in  view,  water  may  be  raised  by  these 
pumps  from  wells  of  all  depths ;  for  after  it  has  once  entered  the  cy- 
linder, it  is  raised  thence  by  the  sucker  independently  of  the  atmosphere, 
and  to  anv  height  to  which  the  cvlinder  is  extended.  This  seems  to  have 
H#>tn  well  understood  by  old  enspneers.     The  remark  of  those  who  made 
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the  Florentine  pump  is  a  proof;  and  others  might  be  adduced  from  mucb 
older  authorities.  Plate  48,  in  Bcsson's  Theatre,  represents  an  atmo» 
pheric  pump  raising  water  from  a  river  to  the  top  of  a  high  lower.  The 
cylinder  is  square,  formed  of  plank  and  bound  with  iron  clamps.  It  is 
shown  as  nearly  j^wr  times  the  length  of  the  suction  pipe,  which  is  round. 
When  pump  rods  are  required  of  great  length,  they  should  be  made  of 
pine.  This  wood  does  not  warp,  and  as  it  is  rather  lighter  than  water,  its 
weight  has  not  to  be  overcome  (like  iron  rods)  when  raising  the  sucker. 

A  circu»nstance  to  which  we  have  slightly  alluded,  was  announced  in 
the  public  papers  of  Europe,  in  the  yfear  1766,  which  roused  the  attention 
of  philosophers ;  for  it  seemed  to  threaten  a  renewal  of  the  disputes  about 
a  vacuum,  and  x\\e  ascent  of  water  in  pumps  and  siphons,  &c.  A  tinman 
of  Seville,  in  Spain,  undertook  to  raise  water  from  a  well  60  feet  deep, 
by  the  common  pump.  Instead  of  making  the  sucker  play  within  30  feel 
of  the  water,  he  made  the  rod  so  short,  that  it  did  not  reach  within  50 
feet  of  it.  As  a  necessary  consequence,  he  could  not  raise  any.  Being 
greatly  disappointed,  he  descended  the  well  to  examine  the  pipe,  while 
a  person  above  was  employed  in  working  the  pump;  and  at  last  in  a  fit 
of  despair,  at  his  want  of  success,  he  dashed  the  hatchet  or  hammer  in 
his  hand,  violently  against  the  pipe.  By  this  act  a  small  opening  was 
made  in  the  pipe  about  ten  feet  above  the  water — when,  what  must  have 
been  his  surprise !  the  water  instantly  ascended  and  was  discharged  at 
the  spout ! 

The  fact  being  published,  it  was  by  some  adduced  as  a  proof  that  tho 
pressure  of  the  atmosphere  could  sustain  a  perpendicular  column  of  water 
much  longer  than  32  or  34  feet,  and  consequently  that  the  experiments  of 
Torricelli  and  Pascal  were  inconclusive.  M.  Lecat,  a  surgeon  at  Rouei 
in  Normandy,  repeated  the  experiment  with  a  pump  in  his  garden :  he 
bored  a  small  hole  in  the  suction  pipe  ten  feet  above  the  water,  to  which 
he  adapted  a  cock.  When  it  was  open,  the  water  could  be  discharged 
at  the  height  of  55  feet,  instead  of  30  when  it  was  shut. 

As  might  be  supposed,  these  experiments  when  investigated,  instead 
of  overthrowing  the  received  doctrine  of  atmospheric  pressure,  more 
fully  confirmed  it.  It  was  ascertained  that  the  air  on  entering  the  pipe 
}>ecame  mixed  with  the  water;  and  which  therefore,  instead  of  being  car- 
ried up  in  an  unbroken  column,  was  raised  in  disjointed  portions,  or  in  the 
form  of  think  rain.  This  mixture  being  much  lighter  than  water  alone, 
a  longer  column  of  it  could  be  supported  by  the  atmosphere  :  and  by  pro- 
portioning the  quantity  of  air  admitted,  a  column  of  the  compound  fluid 
may  be  elevated  one  or  two  hundred  feet  by  the  atmospheric  pump;  but 
there  is  no  advantage  in  raising  water  in  this  manner  by  the  pump,  and 
we  believe  it  is  seldom  or  never  practiced.  In  a  paper,  on  the  duty  per- 
formed by  the  Cornwall  Steam  Engines  in  raising  water,  in  the  Journal 
of  the  Franklin  Institute  for  May,  1837,  it  is  stated  that  a  little  air  is 
sometimes  admitted  in  the  pump  pipes,  which  it  is  alledged,  "  made  the 
pump  work  more  lively,  in  consequence  of  the  spring  it  gave  to  the  co- 
lumn of  water,  and  caused  less  strain  to  the  machinery."  In  the  same 
paper  Mr.  Perkins  states  that  forty  years  before,  an  attempt  was  made  to 
impose  upon  him  in  this  country,  a  pump  which  raised  water  by  atmo 
spheric  pressure  100  feet :  but  he  detected  "a  small  pin  hole**  in  the  pipe 
through  which  the  air  was  admitted. 

The  same  deception  it  seems  gave  rise  to  the  humorous  poetical  satire, 
•  Terrible  Tracioration*  The  ingenious  author  states  in  his  preface,  that 
he  was  employed  in  1801,  as  agent  for  a  coFipany  in  Vermont,  and  of 
which  he  was  a  member,  to  proceed  to  London,  and  secure  a  patent  for 
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*  a  new  invented  hydraulic  machine.'  "  I  was  urged  to  hurry  my  depar- 
ture in  consequence  of  a  report  in  circulation,  that  certain  persons  by 
stealth  had  made  themselves  masters  of  the  invention,  and  were  deter- 
mined to  anticipate  us  in  our  object  of  securin.o^  a  patent  in  London.  In 
consequence  of  this  report,  tho.  experiments  made  with  this  machine  were 
performed  in  a  hasty  manner.  By  it,  water  >\'as  raised  through  leaky  tin 
pipes  in  a  hasty  experiment,  42  feet  from  the  surface  of  the  fountain  to  the 
bottom  of  the  cylinders,  in  which  the  pistons  were  worked.  I  embarked 
from  New- York  the  5th  of  May,  and  arrived  in  London  after  a  tedious 
passage  the  4th  of  July.  I  waited  on  Mr.  King,  then  ambassador  from 
the  United  States,  to  whom  I  had  letters,  and  was  by  him  favored  with  a 
letter  to  Mr.  Nicholson,  ar  eminent  philosopher  and  chemist.  With  this 
gentleman  I  had  several  interviews  on  the  subject  of  my  hydraulic  ma- 
chine, and  from  him  received  an  opinion  in  writing  unfavorable  to  its 
merits.  I  likewise  made  a  number  of  experiments  in  London,  with  a 
different  result  from  what  I  had  seen  in  Vermont.  In  this  desperate  si- 
tuation of  the  adventure,  I  received  a  letter  from  one  of  the  Vermont 
Company,  informing  me  there  was  a  deception  in  the  patent — that  from 
experiments  made  subsequent  to  my  departure,  it  appeared  that  no  water 
could  be  raised  by  Ltangdon^s  invention  higher  than  by  the  common  pump, 
unless  by  a  perforation  in  the  pipe,  which  made  what  the  inventor  called 
an  air  hole,  and  which  by  him  had  been  kept  a  secret.  Mr.  Nicholson  in- 
formed me  that  a  similar  deception  had  been  practised  on  the  Academi- 
cians of  Pans,  but  that  the  trick  was  discovered  by  the  hissing  noise  made 
by  the  air  rushing  into  the  aperture."  From  the  aisappointment  Mr.  Fes- 
senden  turned  to  his  pen,  and  wrote.  *  The  modem  Philosopher  or  Terrible 
Tractoration.^     See  preface  to  2nd  American  ed.  Phil.  1806. 

It  is  possible  however  to  raise  water  by  a  short  cylinder,  fifty  or  even 
a  hundred  feet  high,  but  for  all  practical  purposes  the  device  is  useless. 
The  first  thing  of  the  kind  that  we  know  of,  was  accomplished  nearly 
forty  years  ago  by  a  boy.  He  fixed  a  small  pump  (the  cylinder  was  12 
inches  in  length)  in  the  garret  of  a  high  dwelling,  and  a  tub  of  water 
in  the  cellar,  the  perpendicular  distance  being  nearly  50  feet.  About 
half  way  up  the  stairs,  he  placed  a  close  vessel,  (a  three  gallon  tin  boiler) 
from  the  bottom  of  which  a  small  leaden  tube  was  continued  to  the  pump 
cylinder;  and  another  tube  being  soldered  to  the  top,  descended  into  the 
tub  of  water.  A  third  tube  was  soldered  to  the  top  of  the  vessel,  and 
terminated  near  the  pump,  having  a  cock  soldered  to  the  end.  This  cock 
being  shut  and  the  pump  worked,  the  air  in  the  pipes  and  the  vessel  was 
withdrawn,  and  the  latter  consequently  filled  with  water  by  the  atmo- 
sphere ;  he  then  opened  the  cock  which  admitted  the  atmosphere  to  act  on 
the  surface  of  the  water  in  the  vessel,  and  by  again  working  the  pump  the 
contents  of  the  vessel  were  raised  and  discharged  in  the  garret.  By  a  se- 
ries of  close  vessels  placed  at  distances  not  exceeding  30  feet  above  each 
other,  water  may  be  raised  in  this  manner  to  any  elevation. 

It  is  impossible  to  notice  here  a  moiety  of  the  projects  for  improving 
the  atmospheric  pump  and  the  various  parts  of  which  it  is  composed ; 
their  name  is  legion^  and  this  volume  is  far  too  limited  to  comprise  an  ac- 
count of  them  all.  Those  that  we  are  about  to  describe  are  of  modern 
date,  but  it  does  not  therefore  follow  that  they  were  unknown  to  the  an- 
cients. Men  in  every  age,  when  striving  to  accomplish  a  specific  object, 
naturally  fall  into  similar  trains  of  thought,  and  hit  upon  the  same  or  nearly 
the  same  devices.  Could  the  ancient  history  of  this  machine  be  procured, 
it  would  we  have  no  doubt  prove,  that  (like  the  instruments  invented  by  a 
celebrated  F**eDch  surgeon,  fac-similes  of  which  of  exquisite  finish,  wer6 
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•ubsei]uently  found  in  Pompeii)  not  &  few  of  Its  divertified  moditicatiiins 
were  anticipated  by  Greek,  and  Roman  machinists.  Why  then  were  they 
not  preserved  or  continued  in  uset  For  the  same  reason  that  the  old 
pump  is  still  generally  preferred  :  and  were  it  not  for  the  art  of  priming 
It  is  probable  that  not  OQe  of  tlie  modem  improvements  of  this  trachine 
would  be  known  2000  years  hence,  any  more  than  those  devised  by  the 
ancients  are  now  known  to  us.  Those  persons  who  are  familiar  with  it, 
well  know  that  a  large  majority  of  its  supposed  improvers,  have  returned 
from  long  and  laborious  mental  pilgrimages  in  its  behalf,  laden,  like  old 
I,  with  little  e.se  than  stores  of  worthless  relics. 

tion,   the   greater   part    consists    of  different 
modes  of  communicflting  motion  to  the  rod, 
1^  by  wheels,  cranks,  racks  and   pinions,  cams. 

^^^■'  plain  and  Jointed  levers,  pendulums,  balance 

poles,  vibrating  platforms.  Sec.  Of  these  it 
would  be  useless  to  speak.  Others  consist  in 
two  or  more  suckers  in  the  same  cylinder;  ir 
altering  the  form  of  the  latter;  and  some  In 
'  imparling  motion  to  the  cylinder,  and  dispen- 
sing with  the  sucker.  We  shall  notice  some 
of  these  here,  and  others  in  the  next  Book, 

The  introduction  of  two  suckers  or  pistons 
into  one  cylinder  has  long  been  a  favorite 
project.  Dr.  Conyers  in  1673  proposed  a 
pump  of  this  kind.  He  made  it  of  plank, 
square  and  tapered,  (in  the  form  of  an  inver- 
ted and  truncated  pyramid,)  8^  feet  long,  SO 
inches  square  at  the  upper  end,  and  8  at  tha 
bottom  where  the  valve  or  lower  box  wa^ 
placed.  He  lixed  two  suckers  on  the  tamt 
rod,  one  at  its  lower  end  and  the  other  so  as 
to  play  half  way  down  the  trunk.  This  pump 
he  said,  raised  "at  least  twice  as  much  water 
as  the  ordinary  one  of  the  same  size."  I( 
such  was  the  fact,  it  was  by  the  expenditure 
of  twice  as  much  force.  Had  the  bore  of 
the  trunk,  where  the  upper  sucker  played, 
been  uniform  throughout,  and  the  lower 
sucker  laid  aside,  and  with  it  the  force  ex- 
pended in  moving  it,  the  result  would  clearly 
have  equalled  that  of  both.  Phil.  Trans. 
Abridg.  Vol.  i,  54S. 
It*.  H.   DsaU*  PiMoa  VtrnfL  About  the  year  1780,  Mr.  Taylor  of  South 

arapton,  Eng.  introduced  two  suckers  or  pis 
toil  into  one  cylinder,  each  united  to  a  separate  rod,  that  one  might  as 
cand  as  the  other  descended,  and  thus  discharge  double  the  quantity  of 
water:  No.  91  is  a  figure  of  it.  The  rod  of  the  lower  sucker  slides 
through  the  centre  of  the  upper  one ;  and  also  through  its  valve,  which 
is  a  spherical  or  hemispherical  piece  of  brass,  placed  looseW  over  its  seal 
and  to  which  the  rod  acts  as  a  guide.  The  upper  parts  of  the  rods  ter- 
minate in  racks,  between  which  a  cog  wheel  is  placed,  having  an  alternate 
movement  imparted  ti)  it,  by  a  lever  attached  to  its  axis,  as  in  the  commoD 
air  pump. 

Aiiothei  mtM'e  of  working  this  pump,  is  by  means  of  a  drvm  fixed  to 
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one  end  of  tlie  sliftft  of  the  cogr  wheel;  over  this  a  rope  la  passed  and 
crossed  below,  to  which  any  number  of  men,  on  each  side,  may  apply 
their  strength.  Bolh  parties  pull  the  rope  towards  them  by  turns,  and 
thereby  impart  the  requisite  movement  to  the  cog  wheel,  and  consequently 
to  the  pump  rods  and  suckers,  as  shown  in  No.  9S.  Mr.  Adams,  in  hit 
Lectures  on  Natural  Philosophy,  published  in  1794,  observed  that  these 
kind  of  pumps  had  been  "in  general  use  in  the  royal  navy  for  five  or  six 
veare."     Vol.  iii,  392. 


No.  93.    WotklDf  Bhip  PamiM  by  RflpM 

In  1813,  the  London  Society  of  Arts  awarded  a  medal  and  tweiit> 
guineas  to  Mr.  P.  Hedderwick,  for  various  modes  of  imparting  motion  K 
two  pistons  in  the  same  cylinder,  by  a  series  of  tevfrt,  instead  of  cog  wheel* 
and  racks.      Trans,  vol.  xxxii,  98. 

Atmospheric  pumps  with  two  pistons  are  nsed  in  the  French  marine, 
and  are  arranged  so  as  to  be  worked  by  the  men  as  in  the  act  of  rowing. 
Neither  racks  nor  pinions  are  used  in  communicating  motion  to  the 
rods.  The  upper  ends  of  these  are  continued  outside  the  cylinders  and 
bent  a  little  outwards,  and  then  connected  by  a  bolt  to  each  end  of  a  shorl 
vibrating  beam  which  is  moved  by  the  men.  The  rods  do  not  descend 
in  the  centre  of  the  cylinder,  as  in  the  preceding  figure,  but  are  attached 
to  one  side  of  the  suckers.  The  lower  rod  passes  through  an  opening  in 
the  upper  sucker,  which  is  closed  by  a  collar  of  leather.  Hachette't 
Traite  Elementaire  des  Machines.  Paris.  1819,  p.  153. 

Pumps  with  double  pistons  are  not  of  modern  date  :  there  is  one  figured 
in  Besson's  Theatre  des  Instrumens. 

The  alledged  superiority  of  these  pumps  is  more  specious  than  real. 
It  is  true  the  inertia  of  the  water  in  ascending  the  pipes  has  not  to  be 
overcome  at  every  stroke,  as  in  the  common  pump,  since  its  motion  through 
ihem  is  continuous ;  nor  is  its  direction  changed,  as  when  two  separate 
cylinders  are  used,  being  then  diverted  into  them  from  the  pipes  at  angles 
more  or  less  acute.  These  are  real  advantages;  but  if  we  mistake  not, 
they  are  the  only  ones,  unless  taking  up  less  room  on  ship  board  be  an- 
other. But  from  the  cylinders  being  twice  the  ordinary  length,  these 
machines  are  really  double  pumps ;  having  not  only  two  suckers  and  two 
rods,  but  also  two  cylinders,  and  requiring  twice  the  power  to  work  them. 
The  principal  difference  between  them  and  the  usual  double  pump,  is  that 
the  cylinders  are  united  together  on  the  same  axis,  while  in  liie  latter, 
they  are  placed  parallel  to  each  other.  In  point  of  economy,  we  think 
pumps  with  two  distinct  cylinders  are  preferable;  they  are  less  complex, 
and  of  course  less  liable  to  derangement :,  a  longer  stroke  can  be  ob- 
tained in  them,  and,  what  is  of  more  importance,  when  one  is  disordered, 
Irm  other  can  be  continued  in  use.  On  these  considerations  we  believe 
double  piston  pumps  were  abandoned  in  the  British  navy. 

;ular  modification  of  the  common  pump  was  devised  in  Englond 


in  1819,  for  which  the  Society  of  Arts  awarded  a  premium  of  twenty 
fTiiineas.    The  chamber  was  curved,  and  the  centre  of  the  circle,  of  wliici 
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The  objects  supposed  to  have  been  attained  by  this  arrangement,  werw 
"  greater  simplicity  of  workmanship,"  and  "  greater  steadiness  and  preci- 
si'jn  of  action"  {of  the  sucker.)  The  device  is  ingenious,  but  can  never  bo 
generally  adopted.  The  spring  of  the  rod  with  the  wear  of  the  bolt  on 
which  it  turns,  must  soon  render  the  play  of  the  sucker  and  wear  of  the 
chamber  unequal :  the  difficulty  and  expense  of  making  the  latter  curvi- 
.  and  of  r      ■      _  '       '      "  .  "_  '  ' 

chamber  to  gel  at  ihe 
;  and  the  application 
ted  to  depths  unthta 
'  noticed  it,  lest  the 


separated  from  the 
lower  box  or  valv. 
of  the  pump  is  lin 
We  hav 
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chanics,  should  lead  them  to  a  useless 
expenditure  of  time  and  money.  In  the 
same  year  a  patent  was  issued  in  Eng- 
land for  making  the  cylinder  in  the  form 
of  a  ring,  or  nearly  so,  the  centre  of 
which  was  the  fulcrum  on  which  the  pis- 
ton turned,  and  an  alternating  motion 
was  imparted  to  the  latter.  Repertory 
of  Arts,  vol.  xixv.   1819. 

An  interesting  modification  of  the  at- 
mospheric pump  was  described  by  Mus- 
chenbroeck  in  his  Natural  Philosophy. 
Instead  of  a  piston  or  sucker  working 
inside  of  the  cylinder,  the  latter  itself  is 
a  moved,  being  made  to  slide  over  the  pipe 

somewhat   in   the   manner   of  telescoiie 
tubes.     No.    94    represents   this    pump. 
The  upper  end  of  the  suction  pipe,  being 
No.  M    Muchsnbrsnk'i  Fsmp.  made  of  copper  oT  brass,   and   its   exte- 

rior smooth  and  straight,  is  passed 
through  the  bottom  of  a  small  cistern.  Its  oriGce  is  closed  by  a  valve 
opening  upwards.  A  short  cylinder  whose  diameter  exceeds  that  of  the 
suction  pipe  is  slipped  over  the  latter;  and  to  its  lower  end  astuflingbo* 
is  adapted  to  preveit  air  or  water  from  nassing  between  thera.    Its  uppor 
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end  is  co  rered  by  a  valve  also  opening  upward.  The  pump  rod  is  at- 
tached to  the  same  end  by  a  fork,  as  represented  in  the  figure.  By  mo- 
ving the  cylinder  up  and  down,  the  air  within  it  and  the  pipe  is  soon  ex- 
pelled, and  its  place  occupied  by  a  portion  of  the  water  in  which  the 
lower  end  of  the  suction  pipe  is  immersed.  When  the  cylinder  is  then 
raised  the  atmosphere  forces  up  water  into  it,  and  when  it  is  depressed, 
the  w^ater  being  prevented  by  the  valve  on  the  end  of  the  pipe  from  de- 
scending into  the  well,  escapes  out  of  that  on  the  top  of  thopcylinder,  pre- 
cisely as  in  the  bellows  pump.  (p.  206.)  By  keeping  water  in  the  cistern, 
air  is  effectually  prevented  from  entering  between  the  pipes  at  the  stuffing 
box,  even  if  it  be  not  perfectly  tight.  A  cup  or  dish  formed  on  the  upper 
end  of  the  cylinder  to  contain  a  little  water  over  the  valve,  would  be  an 
advantage  in  this  description  of  pumps,  for  any  defects  in  it  by  which 
air  is  admitted  would  be  fatal,  as  a  vacuum  could  not  then  be 
formed  within  the  cylinder,  and  of  course  no  water  raised  by  it.  Our 
common  pumps  would  be  almost  useless  if  water  was  not  kept  over  the 
valves;  it  is  that  which  renders  them  air  dght,  and  consequently  efficient. 

In  the  early  part  of  the  18th  century,  a  new  method  of  exciting  the  pres- 
sure of  the  atmosphere  for  the  purpose  of  raising  water  was  adopted.  Its 
discoverer  burst  the  fetters  with  which  long  established  modes  of  accom- 
plishing this  object  had  embarrassed  common  minds.  He  left  the  old  track 
entirely,  and  the  result  of  his  researches  was  a  philosophical  machine  that 
bears  no  resemblance  to  those  by  which  it  was  preceded. 

Most  people  are  practically  acquainted  with  the^principle  of  the  Centri- 
fugal  pump,  viz.  that  by  w^hich  a  body  revolving  round  a  centre  tends 
to  recede  from  it,  and  with  a  force  proportioned  to  its  velocity :  thus  mud 
is  thrown  from  the  rims  of  carriage  wheels,  when  they  move  rapidly  over 
wet  roads ;  a  stone  in  a  sling  darts  off  the  moment  it  is  released  ;  a  bucket 
of  water  may  be  whirled  like  a  stone  in  a  sling  and  the  contents  retained 
even  when  the  bottom  is  upwards.  A  sailor  on  ship  board,  or  a  house- 
maid, dries  a  wet  mop  by  whirling  it  till  the  force  communicated  to  the 
watery  particles  overcomes  their  adhesion  to  the  woolen  fibres.  Boys 
sometimes  stick  pellets  of  tough  clay  to  the  end  of  a  switch  or  flexible  rod, 
and  then  drawing  it  quickly  through  the  air,  the  force  imparted  to  the  balls 

J 2  sends  them  to  their  destination.  If  a 

^    A  tube  be  substituted  for  the  rod,  and 

^   -T    ^^    -^         —       ^Q  gjjj  ^^i  ^g  \iq\^  in  the  hand  clo- 

I  ^^^^^^^WpBB^^aBk  I      sed,  by  a  similar  movement,  balls 

K||M|^HiIIB^^  dropped  or  water  poured  into  it, 

H  would  be  thrown  forward  in  like 

H  manner;  and  if  by  some  arrange- 

H  ment  the  movement  of  the  tube  was 

n  made  continuous,  projected  streams 

H  of  either  balls  or  water  might  be 

Q  rendered  constant:  the  centrifugal 

H  gun  Is  a  contrivance  to  accomplish 

^fk^  the  one — the  centrifugal  pump  the 

wBSBKK^^^S  This  pump  generally  consists  of 

^VSSbBH^B^^-  tubes,  united  in  the  form  of  a  cross 

N«.  t9.  C^atrifagai  Pamp.  or  letter  T,  placed  perpendicularly 

in  the  water  to  be  raised.  (No.  95.; 
The  lower  end  is  supported  on  a  pivot;  perforations  are  made  to  admii 
iho  water,  and  just  above  them  a  valve  to  retain  it  when  the  pump  is  nol 
in  motion.     The  ends  of  the  transverse  part  are  bent  downwards  to  dis- 
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charge  the  water  into  a  circular  trough,  over  which  they  turn.  To  charge 
it,  the- orifices  may  be  closed  by  loosely  Inserting  a  cork  into  each,  and 
then  filling  the  pump  through  an  opening  at  the  top  which  is  then  closed 
by  a  screw  cap.  A  rapid  rotary  motion  is  imparted  to  the  machine  by  a 
pulley  fixed  on  the  axis  and  driven  by  a  band,  from  a  drum,  &c.     The 

centrifugal  force  thus  communicated  to  the  water  in  the 
arms  or  transverse  tube,  throws  it  out;  and  the  atmo- 
sphere pushes  up  the  perpendicular  one  fresh  portions 
to  supply  the  place  of  those  ejected.  These  pumps  are 
sometimes  made  with  a  single  arm  like  the  letter  L  in- 
verted ;  at  others  quite  a  number  radiate  from  the  up- 
right one.  It  has  also  been  made  of  a  series  of  tubes 
arranged  round  a  vertical  shaft  in  the  form  of  an  inver- 
ted cone.  A  valuable  improvement  was  submitted  by 
M.  Jorge  to  the  French  Academy  in  1816.  It  consists 
in  imparting  motion  to  the  arms  only,  thus  saving  the 
power  consumed  in  moving  the  upright  tube,  and  by 
which  the  latter  can  be  tndined  as  circumstances  or  lo- 
cations may  requive. 

A  combination  of  the  centrifugal  pump  with  Parent's 
or  Barker's  mill,  was  proposed  by  Dr.  West,  which  in 
some  locations  may  be  adopted  with  advantage.  It  is  sim- 
ply a  vertical  shaft  round  which  two  tubes  are  wound: 
(No.  96)  the  upper  one  is  the  pump;  the  lower  one  the 
mill.  The  area  of  the  lower  one  should  be  to  that  of  the 
upper  in  the  inverse  ratio  of  the  perpendicular  height, 
and  as  much  more  as  is  necessary  to  overcome  the  fric- 
tion. The  cup  or  basin  into  which  the  stream  (part  of 
which  is  to  be  raised)  is  directed,  may  be  attached  to  the  shaft  and  turn 
with  it,  or  the  latter  may  pass  through  it.     Tilloch's  Phil.  Mag.  vol.  xi. 

The  first  centrifugd  pump  appears  to  have 
been  invented  bv  M.  Le  Demour,  who 
sent  a  description  of  it  to  the  French 
Academy  in  1732.  (Machines  approuve. 
Tom.  vi,  p.  9.)  It  was  merely  a  straight 
tube  attached  in  an  inclined  position  to  a 
vertical  axis,  and  whirled  round  by  the 
handle— -the  tube  was  fastened  by  liga- 
tures to  three  strips  of  wood  projecting 
from  the  axis,  as  shown  at  No.  97. 

With  this  pump  we  close  our  remarks 
on  devices  for  raising  water  by  atmo- 
spheric pressure;  more  might  have  been 
added,  but  as  nearly  all  the  machines  yet 
to  be  described  illustrate  the  same  prin- 
ciple, the  reader  is  referred  to  the  fol- 
lowing Books,  and  particularly  to  the  at- 
mospheric and  forcing  pumps  described  in 
the  next  one. 

'The  vessels  under  the  pump  spouts  in  Nos.  90,  93  and  94,  are  Roman 
bronze  buckets  from  Pompeii.] 


No.  96.  Wect'iPamp. 


Na  97.    Le  Demour*!  Pump. 
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MACHINES  FOR  RAISING  WATER  BY  COMPRESSURE  INDEPEND 

ENTLY  OF  ATMOSPHERIC  INFLUENCE. 


CHAPTER    I, 

DerimTioK  of  maehioas  aescribed  in  thii  Book — Forcing  Pumps — Analogy  between  thrw  ttsd  ImIVice^ 
—History  of  the  bellows  that  of  the  pomp— Forcing  pumps  are  water  bellows — ^The  Bellows  of  antfttu 
luvtan  origin — ^Tubal  Cain— Anacharsis — ^Vulcan  in  his  forge — ^Egyptian,  Hindoo,  and  Percviaa  blowing 
kab«s — Primitive  bellows  of  goldsmiths  in  Barbary — Similar  instruments  employed  to  eject  liquid»— aa:« 
vices  to  obtain  a  continnons  blast — Double  bellows  of  the  Foulah  blacksmiths,  withoat  vcIycs — bimple 
Asiatic  bellows— Domestic  bellows  of  modern  Egypt — ^Double  bellows  of  the  ancient  KgyptikBS— Bel- 
lows blowers  in  the  middle  agea— Lantern  bellows  common  over  all  the  East—^pecimeas  from  Agricola 
— Usod  by  negroes  in  the  interior  of  Africa— Modem  Egyptian  blacksmitlis'  bellows—Vulcan's  bellows 
— Various  kinds  of  Rolnan  bellows — Bellows  of  Grecian  blacksmiths  referred  to  in  a  prediction  of  the 
Delphic  oraclo— Application  of  lantern  bellows  as  forcing  pumps — Sucking  and  forcing  bellows  pumps 
—Modern  domestic  bellows  of  ancient  origin— Used  to  raise  water— Com«ii««i.  blacksmiths'  bellows  em 
ployed  as  forcing  pumps — Ventilation  of  mines. 

Machines  of  the  third  class  described  in  this  Bock,  are  such  as  act  by 
compressure :  the  water  is  first  admitted  into  close  vessels  and  then  for- 
cibly expelled  through  apertures  made  for  that  purpose.  This  is  effected 
in  some  by  compressing  the  vessels  themselves,  as  in  bellows  pumps — in 
others  by  a  solid  body  impinging  on  the  surface  of  the  liquid,  as  in  fire  en- 
gines— sometimes  a  column  of  water  is  used  for  the  same  purpose,  at 
others  the  expansive  force  of  compressed  air.  Of  the  last  two,  Heron's 
fountain,  air  engines,  and  soda  fountains,  are  examples.  Strictly  con- 
sidered, these  machines  have  nothing  to  do  with  the  pressure  of  the  at- 
mosphere, (the  active  principle  of  those  of  the  second  class,)  but  in  prac- 
tice it  is  very  generally  employed.  When  the  working  cylinder  of  a  for- 
cing pump  is  immersed  in  the  water  it  is  intended  to  raise,  or  when  the 
latter  flows  into  it  by  gravity,  it  is  a  forcing  pump  simply;  but  when  the 
cylinder  is  elevated  aSove  the  water  that  supplies  it,  and  consequently  is 
then  charged  by  atmospheric  pressure,  the  machine  is  a  compound  one, 
embracing  the  peculiar  properties  of  both  sucking  and  forcing  pumps. 
The  latter  therefore  differ  from  the  former  in  raising  water  above  their 
cylinders;  and  to  elevations  that  are  only  limited  by  the  strength  of  their 
materials  and  the  power  employed  to  work  them.  They  have  been  con- 
sidered by  some  writers  as  the  oldest  of  all  pumps.  We  shall  consider 
tlteir  varieties  in  the  order  in  which  we  suppose  they  were  developed. 

An  intimate  connection  has  ever  subsisted  between  the  forcing  pump 
and  the  bellows ;  they  are  not  only  identical  in  principle,  but  every  form 
adppted  in  one  has  been  applied  to  the  other.  The  bellows,  from  the 
simple  sack  or  skin  employed  by  die  negroes  of  Africa  to  the  complex 
•nd  eflicient  instrument  of  China,  and  tie  enormous  blowing  machines  of 
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our  foundries,  has  been  used  to  raise  water:  and  every  modification  of  the 
pump,  not  even  excepting  the  screw,  has  been  applied  as  a  bellows.*  A 
singular  proof  of  the  analogy  between  them  and  of  their  connection  io 
ancient  times,  is,  that  in  one  of  the  earliest  accounts  we  have  of  the  ci/lin' 
drical  pump,  (viz.  by  Vitruvius)  it  was  used  as  a  bellows  **to  supply 
wind  to  hydraulic  organs."  And  that  rotary  pumps  are  as  numerous  as 
rotary  bellows,  is  known  to  every  mechanic.  Thus,  while  pumps  have 
been  used  as  bellows,  bellows  have  been  employed  as  pumps;  and  every 
device  to  obtain  a  continuous  current  of  air  in  the  one,  has  been  adopted 
to  induce  an  unbroken  stream  of  water  in  the  other. 

The  history  of  the  bellows  is  also  that  of  the  pump;  and  if  we  mistake 
not  it  affords  the  only  legitimate  source  now  open  in  which  the  origin  of 
the  latter  can  be  sought  for  with  any  prospect  of  success.  Under  this 
unpression  we  shall  examine  the  bellows  of  various  people,  and  in  doing 
so  the  reader  will  find  an  auxiliary,  but  very  important  branch  of  the  sul>- 
ject,  illustrated  at  the  same  time,  viz.  that  which  relates  to  valybs,  for  the 
bellows  was  probably  the  first  instrument  of  which  they  formed  a  part. 
No  other  machine  equally  ancient  can  be  pointed  out  in  which  they  were 
required.  In  fine,  the  forcing  pump  is  obviously  derived  from  the  bel- 
lows, or  rather  it  is  an  application  of  that  instrument  to  blow  water  in- 
stead of  air — an  application  probably  coeval  with  its  invention. 

The  origin  of  the  arts  is  generally  considered  as  a  subject  of  mere  con- 
jecture. Antiquarians  and  historians  despair  of  discovering  any  thing  of 
importance  relating  to  the  early  history  oi  any  of  the  simple  machines.  In 
the  present  case,  however,  there  can  be  no  doubt  thfit  the  Jirst  bellows  was 
the  moufli ;  and  it  was  the  first  pump  too,  both  atmospheric  and  forcing. 
The  representation  of  it  when  employed  as  a  bellows  was  a  favorite  sub- 
ject with  ancient  statuaries  and  painters.  Pliny  gives  several  examples, 
and  among  others,  Stipax  the  Cyprian,  who  cast  an  elegant  figure  of  a 
Doy  "roasting  and  frying  meat  at  the  fire,  puffing  and  blowing  thereat 
with  his  mouth  full  of  wind,  to  make  it  burn."  Arisioclldes,  was  also  cele- 
brated for  a  painting  of  a  boy,  "blowing  hard  at  the  coals  ;  the  whole  in- 
terior of  the  room  appeared  to  be  illuminated  with  the  fire  thus  urged  by 
the  boy's  breath,  and  also  what  a  mouth  the  boy  makes."  Holland's 
Translation. 

That  the  bellows  is  of  antediluvian  origin,  there  can  be  little  doubt, 
for  neither  Tubal  Cain  nor  any  of  his  pupils  could  have  reduced  and 
wrought  iron  without  it.  The  tongs,  anvil  and  hammer  of  Vulcan,  (oi:  Tubal 
Cain)  have  come  down  to  our  times,  and  although  the  particular  form  of 
his  bellows  be  not  ascertained,  that  instrument  is,  we  believe,  as  certainly 
continued  in  use  at  the  present  day,  as  the  tools  just  named.  Nor  is  there 
any  thing  incredible  in  such  belief,  for  if  even  the  common  opinion,  that 
the  whole  globe  was  enveloped  in  the  deluge,  be  true,  Noah  and  his  sons, 
aware  that  the  destinies  of  their  posterity,  so  far  as  regarded  the  arts  of 
civilization,  must  in  a  great  measure  depend  upon  them,  would  naturally 
secure  the  means  of  transmitting  to  them  the  knowledge  of  those  ma- 
chines that  related  to  metallurgy,  as  among  the  most  essential  of  all.  Of 
these,  the  bellows  was  quite  as  important  as  any  other ;  without  it,  other 
tools  would  have  been  of  little  avail.  Now  if  we  refer  to  oriental  ma- 
chinery, (among  which  the  bellows  of  the  son  of  Lamech  is  to  be  found 
if  at  all,)  we  shall  find,  in  accordance  with  its  characteristic  unchangeable- 
ness,  that  the  instrument  now  used  over  all  Hindostan  and  Asia  in  gene 
ral,  and  by  the  modern  blacksmiths  of  Cairo  and  Rosetta,  is  identical  with 
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that  with  which  the  smiths  of  Memphis,  and  Thebes,  and  Pleliopolis, 
arged  their  fires,  between  three  and  four  thousand  years  ago,  and  is  s.milar 
to  those  found  figured  in  the  forges  of  Vulcan  on  ancient  medals  and 
sculptures.  Numerous  were  the  forms  in  which  the  bellows  was  anciently 
made,  but  the  general  features  of  the  one  to  which  we  allude,  (the  lantern 
bellows)  have  remained  as  unchangeable  as  those  of  blacksmiths  them- 
selves. 

Strabo  attributed  the  bellows  to  Anacharsis  who  lived  about  600  years 
B.  C.  but  it  is  probable  that  some  particular  form  of  it  only  was  intended, 
for  it  is  not  credible  that  the  Greeks  in  Solon's  time  could  have  been  igno- 
rant of  an  instrument  that  is  coeval  with  the  knowledge  of  metals ;  and 
without  which  the  iron  money  of  Lycurgus,  two  centuries  before,  could 
never  have  been  made.  Pliny  (B.  vii,  56)  attributes  it  with  greater  pro- 
priety to  the  Cyclops,  who  are  supposed  to  have  flourished  before  the 
deluge.  The  prophet  Jeremiah,  who  lived  long  before  Anacharsis,  speaks 
of  it  in  connection  with  metallurgical  operations.  "The  bellows  are 
burned,  the  lead  is  consumed  of  the  fire,  the  founder  mclteth  in  vain." 
Isaiah,  who  lived  still  earlier,  viz.  in  the  8th  century  B.  C.  alludes  to  the 
blacksmith's  bellows — **the  smith  that  bloweth  the  coals  in  the  fire."  And 
Job,  nine  or  ten  centuries  before  the  Scythian  philosopher  flourished, 
speaks  of  "a  fire  not  blown."  The  prophet  Ezekiel  also  speaks  of  the 
blast  furnace  as  common — "they  gather  silver,  and  brass,  and  iron,  and 
lead,  and  tin,  into  the  midst  of  the  furnace,  to  blow  the  fire  upon  it  to  melt 
it"  xxii,  20.  Homer,  as  might  be  supposed,  could  not  fully  describe 
the  labors  of  Vulcan,  without  referring  to  this  instrument.  His  account 
of  the  great  mechanic  at  work,  is  equally  descriptive  of  a  smith  and  his 
forge  of  the  present  day. 

Obscure  in  smoke,  his  forges  flaming  round. 
While  bathed  in  sweat  from  fire  to  nre  he  flew  ; 
And  puffing  loud,  the  roaring  bellows  blew. 
•  *••»« 

Just  as  the  god  directs,  now  loud,  now  low, 
Thev  rai^c  a  tempest,  or  they  gently  blow. 

ttiad^  zvui,  435,  545.    Foft, 

The  first  approach  made  to  artificial  bellows  was  the  application  of  a 
reed  or  other  natural  tube,  through  which  to  direct  a  stream  of  air  from  the 
iriouth — a  device  that  has  never  passed  into  desuetude.  Such  was  the  ori- 
gin of  the  modern  blow-pipe,  an  instrument  originally  designed  to  increase 
the  intensit}'  of  ordinary  fires,  but  which  subsequently  became  (as  f'le  arts 
were  developed)  indispensible  to  primitive  workers  in  metal.  How  long 
blowing  tubes  preceded  the  invention  of  other  devices  for  the  same  pur- 
pose is  unc«rtam;  but  from  the  fact  that  oriental  jewelers  and  goldsmiths 
still  fuse  metal  in  pots  by  them,  it  may  be  inferred  they  were  the  only  in- 
struments in  use  for  ages,  before  the  bellows  proper  was  known:  a  circum- 
stance to  which  their  universal  employment  over  all  Asia  at  the  present 
time  may  be  attributed,  and  the  skilful  management  of  them  by  mechanics 
there.  As  the  only  contrivance  for  urging  fires  in  primitive  times,  men 
would  naturally  become  expert  in  using  them,  and,  as  in  all  the  arts  of 
the  East,  their  dexterity  in  this  respect  would  be  inherited  by  their  chil- 
dren, and  be  retained  in  connection  with  their  use,  with  that  tenacity  that 
nas  scarcely  ever  been  known  to  give  up  an  ancient  tool  or  the  ancient 
mode  of  using  it:  hence  the  paucity  of  their  implements;  a  file,  a  ham- 
mer, a  pair  of  tongs,  and  a  blowing  tube,  being  in  general  all  that  the 
oudgnt  of  an  African  or  Asiatic  jeweler  contains. 
As  we  have  given  figures  of  sucking  tubes  to  illustrate  the  origin  of 
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the  atmospberic  pump,  we  here  insert  some  of  blowing  tubes,  %e  allowing 
ibe  incipient  state  of  the  forcing  pump. 


No.  M.  E(7ptlu  luinf  ■  nibd.  1600  B.  C.  No.  S&    Aitciaiil  ErTPtiiD 

No.  98,  representa  an  Egyjitian  blowing  a  fire  with  a  reed.  It  is  froni 
the  paintings  at  Beni  Hassan,  and  extends  back  through  a  period  of  3.500 
years.  According  to  Mr.  Wilkinson,  the  figure  is  that  of  a  goldsmith, 
"  blowing  the  fire  for  melting  tbe  gold,"  but  from  the  comparative  large 
size  of  the  vessel,  it  would  seem  rather  to  be  a  cauldron  in  which  the  ar- 
ticles were  pickled.  No.  99,  is  the  figure  of  a  goldsmith  either  soldering 
or  fusing  melal  with  the  blow-pipe,  from  the  sculptures  at  Thebes.  The 
portable  furnace  has  raised  cheeks  to  confine  and  reflect  the  heat.  The 
pipe  is  of  metal  with  the  end  enlarged  and  pointed." 

Sonnerat,  has  given  (in  the  volume 
of  illustrations  to  his  voyages,)  a  plate 
representing  modern  goldsmiths  of 
Hindoslan,  from  which  the  annexed 
figure  (No.  100)  is  copied.  It  will 
serve  to  show,  when  compared  with 
the  preceding  cuts,  what  little  chan- 
ges have  taken  place  in  some  mechani- 
cal manipulations  in  the  East,  from 
very  remote  times.  Asimilar  figure  is 
in  Shoberl's  Hindostan.  The  same 
mode  of  fusing  their  metals  was  prac- 
ticed by  the  ancient  gold  and  silver 
smiths  of  Mexico  and  Peru.  Instead 
of  bellows,  says  Garcilasso,  the  latter 
Nikiw.   Ooldmiili gr HlndtMu  had    blow-pipes    "made    of    copper, 

about  a  yard  long,  the  ends  of  which 
were  narrow,  that  the  breath  might  pass  more  forcibly  by  means  of  the 
contraction,  and  as  the  fire  was  to  be  more  or  less;  so  accordingly  they 
used  eight,  ten,  or  twelve  of  these  pipes  at  once,  as  the  quantity  of  metal 
did  require."      (Commentaries  on  Peru,  p.  52.) 

The  next  step  was  to  apply  a  leathern  bag  or  sack,  formed  of  the  skm 
of  some  animal,  to  one  end  of  the  tube  (shown  in  No.  80)  as  a  substitute 
for  the  mouth  and  lungs.  The  bag  was  inflated  by  the  act  of  opening  ii, 
or  by  blowing  into  it,  and  its  contents  expelled  by  pressure.  To  such 
Homer  seems  to  allude  in  his  account  of  Eolus  assisting  Ulysses: 
The  advene  wind*  in  leathern  bags  he  braced. 
Couipredsed  (heir  Tarce,  and  locked  each  iitruggling  blaiL   Odft.  10. 

■Aacienl  bronze  lonf^a  or  Tarcepi.  liniilar  to  lho«e  in  the  cnl,  have  been  fonnd  '<a 
r«XPt,  which  retain  their  spring  perrecliy.  Crucibles  aimjlar  to  Ihoae  need  al  !*>• 
preiienl  day  hava  also  been  discovered.  Wilkinwin'i  Manners  and  Customs  ofUia  An 
SMiit  C^pliuH  Tol.  iii,  Hi. 
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AudOvid: 

A  Itzgem  to  Ulywes  he  consigned, 

Aud  ID  a  sleer'ii  tough  hide  eacloaed  a  wind.     Ittt.  xW, 

The  goldsmilhs'  bellows  of  Barbary  consists  of  a,  goat's  skin,  having  a 
reed  inserted  into  it:  'he  holds  the  reed  with  one  hand  and  presses  the 
bag  with  the  other.'  (Ed.  Encyc.  vol.  iil,  238.)  The  Daraaras,  a  tribe  of 
negroes  in  Southern  Africa  mentioned  by  Barrow,  manufacture  copper 
rings,  &c.  from  tha  ore.  The  bellows  they  use,  he  observes,  "is  made  of 
the  skin  of  a  gemsbok,  (a  species  of  deer)  converted  into  a  sack,  with  the 
horn  of  the  same  animal  fixed  to  one  end  for  a  pipe." 

Simple  instruments  of  this  description  have  always  been  applied  to 
eject  liquids.  Small  ones  were  commonly  used  by  ancient  physiciafts  in 
adrainisiering  enemas ;  a  purpose  for  wbich  they  are  still  used.  Large 
ones  were  recommended  by  Apollodorus  the  architect,  a  contemporary  of 
Pliny  and  Trajan,  as  a  substitute  for  fire  engines,  when  the  latter  were 
not  at  hand.  When  the  upper  part  of  a  house  was  on  fire,  and  no  ma- 
chine for  throwing  water  to  be  procured,  hollow  reeds,  he  observed 
might  be  fastened  to  leathern  bags  filled  with  water,  and  the  liquid  pro- 
jected on  the  flames  by  compressing  them. 

As  the  current  of  wind  from  a  single  sack  or  bag,  necpssavity  ceased 
as  soon  as  it  was  collapsed,  some  mode  of  rendering  the  blast  amtinuotu 
was  desirable  ;  and  in  the  working  of  trim  indispe risible.  The  most  ob- 
vious plan  to  accomplish  ibis  was  to  make  use  of  (wo  bags,  and  to  work 
them  so  that  one  m'lght  be  inhaling  the  air,  while  the  other  was  expellim' 
it — that  is,  ad  one  was  distended,  the  other  might  he  compressed.  This 
device  we  shall  find  was  very  early  adopted,  and  by  all  the  nations  of 
antiquity. 

But  by  far  the  most  important  improvement  on  the  primitive  bellows  or 
ba^,  was  ihe  admission  of  air  by  a  separate  opening — a  contrivance  that 
led  lo  the  invention  of  the  Valvb,  one  of  the  most  essential  elements  of 
hydraulic  as  well  as  pneumatic  machinery.  The  first  approach  to  tho 
ordinary  valve,  was  a  device  that  is  still  common  in  the  bellows  of  some 
African  tribes.  A  bag  formed  of  the  skin  of  a  goat,  has  a  reed  attachei] 
to  it  loconvey  the  blast  to  the  fire  ;  and  the  part  which  covered  the  neck 
of  the  animal  is  left  open  for  the  admission  of  air.  This  part  is  gathered  up 
in  the  hand  when  the  bag  i>  compressed,  and  opened  when  it  id  disi«nded 
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An  improvement  upon  this  primeval  device  is  exhibited  in  th«  bellow* 
oJ  the  Fcalah  blacksmiths,  on  the  western  coasts  of  Africa. 
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of  iwu  calabashes  connected  together  by  two  hollow  bamboos  or  reeds,  it. 

Beried  into  their  sides,  and  united  at  an  angle  to  another  which  leads  to  the 
lir«,  as  represented  in  the  figure.  A  large  opening  is  raadi.  on  the  tap 
of  each,  and  a  cylindrical  bag  or  tube  made  of  soft  goats'  skins  stitched 
or  otherwise  secured  round  the  edges.  The  workman  seats  himself  on 
till  grounil,  and  placing  the  machine  between  his  legs,  he  grasps  the  ends 
of  the  bag9,  and  by  alternately  raising  each  with  the  mouth  open,  and 
pushing  it  into  the  calabash  when  cloacd,  the  air  in  the  latter  is  forced 
into  the  lire,  and  a  uniform  blast  maintained.  The  action  is  very  similar 
to  that  of  gathering  in  the  hands  the  lower  edges  of  two  hat  linings,  and 
constantly  drawing  one  out  and  thrusting  the  other  in. 

The  negroes  of  the  Gold  Coast  are  represented  to  have  other  kinds  of 
beUows.  The  principal  tools  of  their  stnithsr  are  "a  hard  stone  for  an 
anvil,  a  pair  of  tongs  and  a  amali  pair  of  bellows,  with  three  or  more 
pipes,  which  blow  very  strong" — an  invention  of  their  own."  Wo  have 
not  been  able  to  find  any  description  of  these.  See  Grand  Gazetteer, 
Art.  Guinea  ;   and  Hisloire  Generale,  lorn,  v,  214. 

Another  species  equally  simple  but  more  eiRcient,  is  common  in  Asia, 
Africa,  and  also  in  Wallachia,  Greece  and  other  parta  of  Europe.  The 
contrivance  for  admitting  the  air  is  an  improvement  upon  the  last,  but  the 
orifice  is  still  opened  and  closed  by  the  fingers  of  the  blower.  Instead 
of  the  mouth  of  each  bag  being  drawn  up  in  the  hand,  it  is  stretched  out 
in  the  form  of  a  long  slit;  to  the  lips  of  which  two  strips  of  wood  are 
sewed.  The  inner  side  of  each  atrip  is  made  straight  and  smooth,  so  that 
when  brought  together,  they  form  a  close  joint.  They  are  grasped  in 
ihe  middle  by  the  workman,  who  alternately  opens  them  when  he  raises 
the  mouth  to  admit  the  air,  and  closes  them  when  he  expels  it. 

No.  102  represents  the  assist- 
ant of  a  Hindoo  blacksmith,  urg- 
ing his  (ire  with  a  pair  of  these 
instruments,  (copied  from  the 
volume  of  plates  to  Sonneral's 
Voyages.)  From  an  inspection 
of  the  figure,  it  will  be  perceived 
that  the  strips  facilitate  tlte  act  of 
compi-essing- each  bag,  by  their  ex- 
iver  it,  as  well  as  by 
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'  nucleus  of  the  boards  in  the  com- 

mon bellows.     In  this  device,  the 
No.  101.    Primlilrs  Bellowi  tl  Aiii.  t)alve  becomes  further  developed. 

To  similar  instruments,  Mr. 
Emerson  refers  in  hig  'Letters  from  the  Egean.'  The  crew  of  a  Hy- 
driot  vessel  having  taken  her  ashore  at  Paros  to  repair  the  iron  clasp  of 
her  rudder,  an  opportunity  occurred  of  examining  their  bellows.  Mr.  E. 
describes  them  as  "a  very  antique  device,"  consisting  of  "  two  sheepskins, 
united  by  an  iron  pipe  introduced  into  the  fire,  which  weie  alternately 
dilated  with  air  and  compressed,  by  an  Arab  slave  who  knelt  above 
them."  With  the  exception  of  their  not  being  made  of  bull's  hide  but  of 
sheepskin,  he  observes  thev  would  completely  suit  the  description  of  the 
bellows  given  by  Virgil  in"  the  Fourth  Georgic.  Blacksmiths  in  Ceylon 
use  the  same  kind,  but  made  of  bullocks'  hides,  and  furnished  with  noi- 
Eles  of  bamboo.  The  hlowe"  seats  himself  on  the  ground  between  the 
two  cigs,  and  works  them  with  fais  hands,  pulling  up  one  and  pushing 
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down  the  other.  (See  a.  figure  in  DarU'  history  of  that  island,  and  also 
in  the  Register  of  Aits,  yn\.  i,  300.)  The  domestic  heilovts  of  Egypt  is 
made  in  the  taxae  way,  and  probably  has  aKvays  been  bo  :  to  it,  Job  most 
likely  alluded,  (chap,  xx,  26.)  "The  ordinaiy  hand  tellows  now  uaed 
fiir  small  fires  in  E^pt,  (says  Mr.  Wilkinson)  are  a  sort  of  bag  made  of 
the  skin  of  a  kid,  with  an  opening  at  one  end  like  the  mouth  ofa  commuD 
carpet  bag,  where  the  skin  is  sewed  upon  two  pieces  of  wood;  and  these 
being  pulled  apart  by  the  hands  and  closed  again,  the  bag  is  pressed 
down  and  the  air  thus  forced  through  the  pipe  at  the  other  end." 

The  next  improvement  seems  to  have  been  that  by  which  the  slit  was 
superseded  fay  a  flap  or  clack,  so  as  to  be  idf-actaig,  as  in  the  ordinary 
European  or  American  bellows — in  other  words  a  value,  that  opened  by 
the  pressure  of  the  atmosphere  when  the  hag  was  raised,  and  which  was 
closed  by  ils  own  weight  or  by  the  elasticity  of  the  conlined  air,  Amorig 
the  interesting  discoveries  which  recent  examinations  of  Egyptian  monu- 
ments have  brought  to  light,  figures  of  such  bellows  have  been  found 
sculptured  in  a  tomb  at  Thebes,  which  bears  the  name  of  Thothmes  HI, 
one  of  the  Pharaohs  who  was  contemporary  with  Moses.  No.  103  repre- 
sents four  employed  at  one  fire,  each  pair  being  worked  by  the  hands  and 
feet  of  a  laborer,  and  in  a  manner  singularly  ingenious  and  effective;  prov- 
ing that  the  Egyptians  of  those  times  well  knew  how  to  combine  muscu 
lar  energy  with  the  weight  of  the  body  to  produce  a  maximum  etfect. 


No.  103.    E(ri>liu  BellDwt  mi  Bellowi  Blowsn.    15O0  B.  C. 

The  bags  were  secured  to  frames  or  to  the  ground,  and  appear  to  have 
had  rings  of  cane  within  them  to  keep  the  leather  extended  in  a  horizontal 
direction.  A  separate  pipe  proceeded  from  each  to  the  fire.  The  valves 
or  clacks  are  not  shown  because  being  place.i  underneath  they  were  out 
of  sigh L  In  working  them  a  laborer  stood  upon  two,  one  under  each 
foot,  and  taking  two  cords  in  his  hands,  the  lower  ends  of  which  were 
secured  to  the  top  of  the  bags  ;  he  alternately  rested  his  weight 
upon  each  to  expel  the  air,  and  inflated  them  when  exhausted  by  pulhng 
the  cords ;  thus  the  whole  weight  of  his  body  was  unintei-rifptedly  em- 
ployed in  closing  one  bellows,  while  the  muscular  force  of  his  arms  waa 
incessantly  engaged  in  opening  another.  We  question  if  a  more  simple 
and  efficient  application  of  human  effort  can  be  produced. 

Such  bellows  were  used  in  Egyptian  kitchens,  and  were  indeed  neces- 
sary when  [he  massive  cauldrons  and  huge  joints  of  meat  boiled  in  them, 
are  considered.*  The  same  practice  ooiitiuued  through  the  middle  ages, 
in  Europe,  when  'bellows  blowers'  formed  part  of  the  establishment  of 
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royal  kitchens,  i.nd  whose  duty  it  was  "to  see  that  soup  when  on  the  fire 
was  neither  burnt  nor  smoked.*'*  Among  the  relics  that  formerly  be- 
longed to  Guy,  the  famous  Earl  of  Warwick,  is  a  cauldron  or  kitchen 
boiler,  made  of  bell-metal,  which  contains  120  gallons,  but  whose  capacity 
does  not  equal  that  of  more  ancient  ones.^  To  the  old  custom  of  em- 
ploying persons  exclusively  at  U.s  bellows,  as  in  the  preceding  cut,  Vir- 
gil alludes  in  the  following  line: 

One  stirs  the  fire  and  one  the  bellows  blows.    En.  viii. 

Every  modern  bellows  maker  wo^ild  be  convinced  from  an  inspection 
of  the  last  figures,  that  valves  were  employed,  since  the  instruments  could 
not  possibly  have  acted  without  them ;  but  all  doubts  respecting  an  ac- 
quaintance with  the  valve  in  those  remote  ages  when  the  sculptures  were 
executed,  is  removed  by  two  other  bellows  portrayed  in  the  same  tomb, 
and  shown  in  the  next^cut.     These  differ  from  the  preceding  and  were 


No.  104.    Egyptian  Bellowa  in  use  before  the  Exodus. 

perhaps  intended  to  show  another  variety  of  the  instrument  as  made  m 
those  times.  Their  upper  surfaces  seem  to  have  been  of  wood,  in  the 
centre  of  which,  the  orifices  of  the  valves  are  distinctly  shown;  the  valves 
or  clacks  were  therefore  inverted,  as  in  our  ordinary  bellows  turned  up- 
side down.  To  persons  not  familiar  with  the  subject,  this  circumstance 
might  excite  surprise,  but  the  class  to  which  these  belong  have  almost  al- 
toays  had  the  valve  in  the  moveable  board ;  and  in  whatever  position  they 
were  used — whether  horizontally  as  in  these  figures,  or  vertically  as  in 
the  next.  In  Ceylon  and  other  parts  of  the  East  they  are  used  as  shown 
m  No.  104. 

But  are  not  both  bellows  in  the  last  cut  double-acting,  that  is,  impelling 
air  from  them  both  when  moved  up  as  well  as  when  pushed  down]  From 
the  figures  it  would  seem  that  such  were  intended ;  for  two  pipes  are  rep- 
resented as  proceeding  from  each,  while  one  only  is  connected  to  those  m 
No.  103 ;  and  one  instrument  was  deemed  sufiUcient  to  occupy  one  la- 
borer— to  this  there  possibly  may  be  an  allusion  in  the  knots  on  the  ends 
of  the  cords,  which,  in  the  hieroglyphical  language  of  Egypt  may  sig- 
nify the  greater  liability  of  slipping  through  the  hands,  in  consequence 
of  the  superior  force  required  to  work  them.  Indeed  ^wr  different  bel- 
lows are  represented.  In  No.  103,  two  are  made  of  single  bags,  and  two 
of  double  ones,  as  appears  by  the  binds  around  them  :  and  in  No.  104, 
one  is  round  like  the  lantern  bellows,  and  the  other  oblong,  both  kinds  of 
which  are  common  at  this  day  in  the  East;  and  both,  as  already  re- 
marked, seem  to  be  double  acting  like  those  of  our  smiths. 

This  variety  was  probably  designedly  introduced  into  the  sculptures  to 
aid  in  conveying  to  posterity  a  knowledge  of  the  state  of  the  arts  at  that 
time  in  Egypt  The  circumstance  is  an  mteresting  one,  and  should  lead 
to  a  more 'thorough  examination  of  those  wonderful,  those  eternal  records 
of  the  arts  and  sciences  of  past  ages,  than  has  ever  been  given  them;  not 
only  every  group  but  every  figure  among  the  millions  imprinted  on  these 
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iicperishable  pages,  deserves  not  merely  to  be  scrutinned,  but  accurately 
eopicd.  Many  of  them  are  fraught  with  information  of  the  highest  in« 
terest  to  the  arts;  and  whether  the  mass  of  hieroglyphical  records  be  ever 
understood  or  not,  there  is  no  difficulty  in  comprehending  the  most  in- 
teresting of  these. 

One  of  the  figures  in  the  last  illustration  is  obviously  a  modlBcation  of 
the  >ld  lantern  bellows  (so  named  from  its  resemblance  to  the  papet 
lantern,  still  common  in  Egypt:)  they  consist  of  two  circular  boards 
anited  to  the  ends  of  a  cylindrical  bag  of  flexible  leather.  In  the  centre 
of  one  board  is  an  opening  covered  by  a  fiap  opening  inwards,  and  to  the 
other  the  tuyere  is  attached.  In  working  them,  the  board,  through  which 
the  air  is  admitted,  is  moved,  and  the  other  kept  stationary.  They  are 
quite  common  in  Asia,  Egypt,  and  generally  throughout  the  oriental 
world;  and  appear  to  have  undergone  no  change  whatever,  either  in  their 
materials,  form,  or  modes  of  working  them,  since  the  remotest  times: 
even  working  them  by  the  feet,  as  practiced  by  Egyptians  under  the  Pha- 
raohs, is  still  common  at  the  native  iron-forges  of  Ceylon.  Dr.  Davy  in 
his  account  of  that  island  has  given  a  figure  of  them,  a  copy  of  which  is 
inscted  in  the  Register  of  Arts  for  1828,  page  267:  the  cords  for  raising 
them  are  attached  to  an  elastic  stick,  instead  of  being  held  in  the  hands 
as  m  the  two  last  cuts. 

They  are  used  by  modern  blacksmiths  of  Egypt  in  a  horizontal  position, 
(as  in  the  next  figure)  and  worked  by  an  upright  lever,  which  the  assist- 
ant pushes  from  and  draws  towards  him.  M.  P.  S.  Girard  has  given  a 
figure  and  description  of  them  in  the  Grande  Description,  tom.  ii,  E.  M. 
p.  618,  planche  21.  He  observes  that  the  coppersmiths  of  Cairo  and 
Alexandria  use  the  same;  and  further  that  they  are  common  in  the  inte- 
rior of  Africa:  "leur  forme  est  probablement  tres  ancienne.  II  n^sulte 
en  effet  de  quelques  reseignemens  que  m'ont  donnes  des  marchands  venui 
avec  )es  caravanes  de  D^rfour,  que  des  soufflets  de  la  m^me  forme  sont 
employd  par  les  peuples  de  Vinterieur  de  VAfriqite^^ 

Lantern  bellows  were  formerly  common  in  Europe.  They  were  em 
ployed  in  old  organs.  See  L'Art  du  Facteur  d'Orgues,  Arts  et  M^tierea^ 
p.  667,  plates  132  and  135.  Sometimes  the  blowers  had  their  feet  fixed 
upon  the  upper  boards,  and  holding  by  a  horizontal  bar  they  inflated  one 
bellows  by  raising  one  foot,  and  compressed  the  other  by  pushing  dowQ 
the  other  foot.  (Encyc.  Antiq.)  The  scabilla  of  the  Romans  were  small 
bellows  oi  the  same  kind,  one  of  which  was  attached  to  one  foot  for  the 
purpose  of  beating  time,  and  with  castanets  were  used  to  animate  dancers. 
Several  are  figured  by  Montfaucon.  The  ancients  varied  the  form  of  the 
bellows  almost  infinitely  in  adapting  them  to  various  purposes.  Some 
were  attached  to  altars  to  aid  in  the  combustion  of  victims  :  one  for  thic 
purpose  is  represented  on  one  of  the  Hamilton  vases.  Lantern  bellow& 
were  also  common  in  European  hla^t  furnaces.     No.  105  shows  their  ap- 

gUcation  to  this  purpose,  copied  from  the  De  Re  Metal lica  of  Agricola. 
imilar  bellows,  except  the  boards  being  of  an  oblong  form  like  the  one 
in  103,  are  common  in  Hindostan,  and  worked  by  hand  as  in  the  next 
figure,  but  without  any  frame  to  support  them;  the  blower  kneels  and 
works  them  in  nearly  a  vertical  position.  See  a  figure  in  Shoberl's  Hin- 
dostan, vol.  V,  p.  9. 

The  bellows  of  Vulcan  were  probably  of  the  same  kind.  Those  reprt>» 
sented  in  tom.  i,  p.  24,  of  Montfaucon's  Antiquities,  appear,  from  that 
portion  of  them  which  is  seen  projecting  from  the  back  of  the  forge,  to 
be  identical  with  those  in  No.  105,  and  worked  in  precisely  the  same 
way.     In  plate  xx,  on  Painting,  of  D'Agincourt's  History  of  the  Fine 
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ArU,  wliich  contains  some  illustrations  of  the  Ene!d,  executed  in  the  4rt 
knd  5th  centuries,  Vulcan's  forge  \»  represented  and  the  belluws  l)liiw«i 
behind  it,  apparently  with  the  same  kind  of  instrument  as  h<tre  shown. 


That  Vulcan's  bellows  were  not  permanent  fixtures  as  1 
HDtths  are,  but  were  similar  to  those  figured  above,  appear 
having  been  laid  aside  when  not  in  use,  in  common  with  other 
of  the  forge;  a  practice  usual  at  the  present  tim 
the  east :  and  v 

U  their  dwelling,  he  replied  : — 

Ha4tR.  ihrn.  find  ho*plIably  pprend  ihe  boHrd 

Ffir  her  resale,  while  with  my  best  despatch 

I  fiji  ma  hornet  and  my  tools  unite. 

He  «pake,  aitd  vast  in  bulk  and  hoi  with  toil. 

Ann  limping  from  hia  anvjl^ilock. 

Upborne  with  pain  on  legs  lurtuous  and  weak: 

Firai.  From  the  forge  dislode'd  he  thruttapart 

HisielioKt,  and  hi*  tnoli  conecting  ah. 

Bestowed  Iheiii  cuTeful  in  ■  silver  cheat. 

And  when  he  subsequently  returned  to  make  the  armo 
n<]uired  for  her  son.  he 


lein  move. — B.  itiii. — CoKptr. 
A  singular  circumstance  is  related  by  Herodotus,  which  shows  that  the 
fame  fiode  of  ohtaining  a  continuous  blast,  viz.  by  two  bellows,  (and  in  all 
probability  by  the  same  kind  as  those  above  figured)  was  employed  by 
blacksmiths  in  ancient  Greece.  The  Lacedemonians  having  been  repeat- 
edly defeated  by  the  Tegeans,  sent  an  embassy  to  the  Delphic  oracle,  to 
ascertain  the  means  by  which  they  could  oveecome  them.  The  Pythian 
assured  them  of  success  if  they  recovered  the  body  of  Orestes,  the  son 
of  Agamemnon,  which  had  been  buried  several  centuries  somewhere  in 
Arcadia,  the  land  of  their  enemies.  Bein^  unable  to  discover  the  tomb 
:hey  sent  a  second  lime  to  inquire  concemmg  the  place  of  his  intermenti 
when  they  received  the  following  answer- 
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A  plain  within  ih'  ArCBdian  land  I  know, 

Where  doMe  iniufa  wilh  forced  exerlioii  b  ow. 

Where  rorm  la  rorin  witlj  niutuul  atreaglh  repltea, 

And  ill  by  other  u<>.  sapported  lic-Hi 

That  earth  conUim  the  grant  Alridea'  aon; 

Take  him  and  couquer  l  Tegea  Ihen  ia  won. 
On  the  receipt  of  this,  search  was  again  mode  for  the  body  without  inter- 
iDission,  and  at  last  it  was  discovered  in  a  singular  manner.  At  the  time  a 
commercial  intercourse  existed  between  the  two  countries,  a  Spartan  cav- 
alry officer,  named  Lichas,  being  in  Tegea,  happened  to  visit  a  smith  at  his 
forge,  and  observing  with  particular  curiosity  tne  process  of  working  the 
iron,  the  smith  desisted  fmrn  his  labor  and  addressed  him  thus :  "  Stranger 
of  Spatla,  you  seem  to  admire  the  art  which  you  contemplate;  but  how 
much  more  would  your  wonder  be  excited,  if  you  knew  all  that  I  am  able 
to  communicBiel  Near  this  place,  ss  I  was  sinking  a  well,  I  found  a 
coffin  seven  cubits  long.  1  never  belicvnd  that  men  were  formerly  of 
larger  dtmenMions  than  at  present,  but  when  I  opened  it,  I  discovered  a 
body  equal  in  length  to  the  coffin — 1  correctly  measured  it,  and  placed  it 
where  I  found  iL"  Lichas,  after  bearing  this  relation,  was  induced  to 
believe  that  this  might  be  the  body  of  Orestes,  concerning  which  the 
Oracle  hod  spoken.  He  was  further  persuaded,  when  he  recollected 
that  the  bellow*  of  the  smith  might  intimate  ihe^i^  windi;  the  anvil  and 
the  hammer  might  express  one  form  opposing  another;  the  iron  also, 
which  was  beaten,  might  signify  ill  succeeding  ill,  rightly  conceiving  that 
the  use  of  iron  operated  to  the  injury  of  mankind.  The  result  proved 
the  sagacity  of  the  Spartan ;  the  body  was  recovered,  and  finally  tb^ 
Tegeans,  tiays  Herodotus,  were  con({uer«d.     Clio,  47,  68. 


No.  in.  etofla  FsKlBf  Poap, 


The  application  of  lantern  bellows  as  forcing  pumps  is,  without  doubt, 
of  great  antiquity  :  their  adaptation  to  raise  water  was  too  obvious  not  to 
have  been  early  perceived,  and  hence  we  infer  that  they  were  at  least  oc- 
casionally employed  for  that  purpose  by  moat  of  the  nations  of  old.  Such 
pumiM  are  raentioned  in  old  works  on  hydraulics ;  but  as  they  have  nevci 
31 
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come  into  general  use,  even  in  modern  times,  a  particular  account  of  them 
previous  to  the  art  of  printing,  is  not  to  be  expected.  A  writer  it.  the 
O-randc  Description  of  Egt/pt,  describing  the  smith's  bellows  of  that  coun- 
try, observes  : — **  Ces  sortes  de  soufflets  ^toient  employes  verticalement 
dans  le  seizieme  siecle  tant  pour  animer  le  feu  des  forges  que  j'our  clever 
V  eau,  soit  en  rarefiant  Fair  soit  en  le  comprimant ;  ils  sont  decrits  dans 
I'onvrage  de  Ramelli,  imprimo  en  1558." 

No.  106  represents  a  double  lantern  bellows-pump,  as  used  m  the  IGtli 
century.  The  mode  of  its  operation  is  too  obvious  to  require  detailed 
description.  As  one  bellows  is  distended  by  working  the  lever,  the  at- 
mosphere drives  water  up  the  suction-pipe  into  its  cavity  ;  and  the  other 
at  the  same  time  being  compressed,  expels  its  contents  through  the 
ascending  or  forcing  pipe  :  the  valves  at  the  lower  piart  of  the  latter,  and 
those  over  the  orifices  of  the  two  branches  of  the  suction-pipe  opening  and 
closing,  as  shown  in  the  figure.  There  is  a  pump  similar  to  this,  but 
geared  in  a  different  manner,  in  Hachette*s  Traite  tiementaire  des  machi 
nes.  Papin,  in  a  way  to  raise  water,  which  he  proposed  enigmatically 
in  the  Philosophical  Transactions  in  1685,  used  the  lantern  bellows  as  a 
forcing-pump.  In  a  solution  by  another  writer,  it  is  said :— **  A  vessel 
made  like  the  body  of  a  pair  of  bellows,  or  those  puffs  heretofore  used  by 
barbers  being  filled  with  water,  a  piece  of  clockwork  put  under  it,  may 
produce  the  jets."  Phil.  Trans.  Abridg.,  vol.  i.  539.  A  similar  appli- 
cation of  the  bellows  was  described  in  Besson's  Theatre,  in  1579,  the 
moveable  board  being  impelled  by  a  spring. 

No.  107  is  another  example  of  bellows  forcing-pumps.  It  consists 
of  the  frictionless  piston  of  Gosset  and  Deville,  (No.  S3,)  but  without  a 
valve ;  a  forcing  or  ascending  pipe,  having  its  lower  orifice  covered  by  a 
valve,  is  attached  to  the  cylinder  below  the  piston.  Pumps  of  this  kmd 
have  also  been  made  double  acting,  by  passing  the  piston  rod  through  a 
stuffing  box  on  the  top  of  the  cylinder,  and  by  a  double  set  of  valves 
arranged  as  in  the  pump  of  La  Hire. 

Of  late  years  machines  like  those  figured  in  the  two  last  cuts,  have  been 
reintroduced  into  Europe  and  this  country. 

Although  we  have  not  heard  of  any  one  having  run  out  of  his  wits  for 
joy  at  their  discovery,  like  the  blacksmith  mentioned  by  Cardan,  we  have 
heard  of  some  who  were  nearly  in  that  predicament  from  disappointment 
in  having  found  themselves  anticipated.  A  few  years  ago  they  were  an- 
nounced in  this  city  as  a  new  and  very  important  discovery ;  and  several 
gentlemen  allowed  their  names  to  go  abroad  as  vouchers  of  their  origina- 
lity and  superionty  over  the  common  pump. 

The  proofs  of  the  antiquity  of  many  of  our  ordinary  utensils  are  derived 
from  representations  of  them  on  vases,  candelabra,  and  other  works  of 
art  that  have  come  down.  Of  this,  the  domestic  bellows  is  an  example ; 
the  only  evidence  of  its  having  been  known  to  the  Greeks  or  Romans, 
is  furnished  by  a  lamp;  but  for  th^  preservation  of  which,  it  might  have 
been  deemed  a  modem  invention.  Of  no  other  article  of  ancient  house- 
hold furniture  are  more  specimens  extant  than  of  lamps,  and  not  a  little  of  the 
public  and  private  economy  of  the  ancients  has  been  illustrated  by  them. 
Amo':g  those  in  private  collections  and  public  museums,  are  some  that 
were  once  suspended  in  temples,  others  that  illuminated  theatres  and 
baths — that  decorated  the  banqueting-rooros  of  wealthy  patricians,  as  well 
as  such  as  glimmered  in  the  dwellings  of  plebeians;  the  former  are  of 
bronze,  elaborately  wrought  and  enriched,  the  latter  mostly  of  earthen- 
ware. The  fertility  of  conception  displayed  in  these  utensils  is  wonderful. 
All  nature  seems  to  have  been  ransacked  for  devices,  and  in  modifying 
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them,  the  Jma^nations  of  the  designers  ran  perrecily  wild  ;  while  many 
ftre  in  their  forms  and  decorations  exquisitely  chitalc,  nlhCrs  are  bizarre 
and  ■ome  are  obscene.  There  is  one  ot' bronze  an  which  an  individual  ia 
re))re«eiiled  blowing  the  fiame  with  his  mouth,  as  in  the  act  of  kindling  a 
fire;  and  in  another  the  artist  has  introduced,  as  an  appropriate  pmbellish- 
iiient,  a  person  performing  the  same  operation  with  a  pair  of  bellows,  of 
precisely  the  same  form  as  those  in  our  kitchens.  No.  108  is  a  figure  "^ 
this  iarap,  from  the  5th  volume  of  Montfaucon's  Antiquities. 
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mple  of  the  application  of  such  bellows  as  atmospheric  pumps 
has  already  been  given,  page  307.  The  adjoining  figure  (No.  109)  is  copied 
from  Kircher's  Mundus  Subterraneus,  torn,  i.,  p.  230,  Amsterdam,  16G5  : 
it  represents  two  large  bellows  employed  as  sucking  and  forcing  pumps, 
being  worked  by  a.  water  wheel,  to  the  axis  of  which  the  crank  repre 
senied  was  attached. 

Bellows  like  the  last  and  worked  in  a  similar  manner,  were  among  an- 
cient devices  for  ventilating  mines  :  the  various  modes  of  adapting  them 
to  the  purpose  may  be  adduced  as  another  example  of  their  analogy  to 
pumps.  Sometimes  tliey  were  used  to  force  down  fresh  air  in  sufKcient 
quantities  to  render  the  impure  and  stagnant  atmosphere  below  respira- 
ble;  at  others  they  drew  the  foul  air  up.  In  the  first  case,  they  were 
placed  near  the  mouth  of  the  shaft,  a  pipe  was  attached  to  the  nozzle  and 
continued  down  to  the  place  where  the  miners  worked,  and  when  the  bel- 
lows were  put  in  motion,  currents  of  fresh  air  were  supplied.  In  the 
latter  case,  the  pipe  was  connected  to  the  opening  in  the  unaer  board,  i.  e. 
to  the  aspiraung  valve,  through  which  the  impure  air  was  drawn,  and 
then  expelled  out  of  the  nozzle  ;  but  in  this  case  an  expiring;  valve  was 
required  in  the  nuzzle,  opening  outwards  to  prevent  air  from  entering 
through  it  when  the  bellows  were  again  distended.  The  same  result  was 
tometimes  obtained  in  the  following  (nanner  :  An  opening  was  made  and 
covered  by  a  valve  in  the  upper  board  instead  of  the  lower  one,  and 
when  the  bellows  were  distended,  the  impure  air  rushed  up  the  pipe 
which  was  attached  to  the  nozzle,  and  was  expelled  through  the  opening 
covered  ijy  the  flap  when  the  bellows  were  closed.  Several  figures  re- 
presenting these  and  other  applications  of  bellows  are  given  by  Agricola. 

Goguet  observes  that  draft  furnaces  were  probably  invented  early, 
hmt  btllowi tpere  not.  We  should  suppose  the  reverse  was  the  fact;  for 
'Jie  advaniagea  of  an  artificial  blast  must  have  been  obvious  from  the  first 
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use  of  fire,  and  naturaliij  led  to  the  use  of  the  moutb  to  blow  it,  then  ihe 
reed,  sack,  and  subseiguently  a  slit  or  valve  in  tlie  latter,  would  follow  ai 
an  almost  neceasary  sequence ;  and  long  before  the  idea  of  increasing  tho 
intensity  of  heat  by  flues  or  chimneys  could  have  been  Uiought  of.  No 
tiatural  occurrence  could  have  led  to  the  invention  of  these  befoie  la£ 
other,  nor  has  there,  as  yet,  been  found  any  account  or  repreeeaiadan  ol 
draft  furuacea  of  equal  antiquity  with  thoae  of  bellows. 
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Thb  bellows  described  in  tlie  last  chapter  are  oil  formed  of  leather  ot 
skins,  and  arc  obvious  modifications  of  the  priiiiitive  bag  or  sock;  the 
wooden  ends  of  some  of  them  being  adopted  merely  to  facilitate  their 
(''Mension  and  coUapaion.  From  the  aimpliciiy  of  their  construction  and 
general  eHiciency  they  still  retain  a 
place  in  our  workshops  and  dwell- 
ings, and  are  in  no  danger  of  being 
replaced  by  modem  substitutes  : 
but  the  ingenuity  of  ancient  bellows 
makers  was  not  exhausted  on  these, 
for  they  had  others,  differing  both 
in  form,  materials  and  mode  of  ac- 
tion ;  viz;  pitton  bcUowi;  machines 
identical  with  cylindrical  forcing- 
pumps.  At  what  time  tbese  were 
first  devised  we  have  no  account ; 
but  as  they  are  described  by  Vitru- 
vlus,  in  his  account  of  hydraulic  or- 
^ns,  without  the  slightest  intima- 
tion of  their  being  tlien  of  recent 
date,  they  may  safely  be  classed 
among  those  inventions,  the  origin 
of  which  is  too  remote  to  be  dis- 
co verod. 

No.  1 1 0  represents  a  person  work- 
ing two  of  them  to  supply  wind  for 
a  water  organ,  from  Bavbaro's  Vi- 
truvius,  Venice,  1567.  They  are  sub- 
.,    .,„  „        „,      „  ..  fitanrially  the  same  as  those  fieured 

No,  110.  RomB  Pinion  BsLLon'i.  l       -n  i  i     x-  •   °  .     ■ 

by  i'erraiilt  and    !newton   in  their 
mmslations,  and  by  Kircher  in  his  Musurgia  Universalis,  (torn,  ii,  332.) 
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The  blower,  by  alternately  raising  one  piston  and  depressing  the  (ither, 
pumped  air  into  a  large  reservoir:  this  was  an  open  vessel  inverted 
into  another  containing  water,  and  &s  the  air  accumulated  in  the  former, 
the  liquid  was  gradually  displaced  and  rose  in  the  latter,  as  in  a  gas 
holder.  It  was  the  constant  pressure  exerted  by  this  displaced  water 
that  urged  the  air  through  the  pipes  of  the  organ,  whenever  the  valves  for 
its  admission  were  opened.  Ihe  question,  perhaps  may  be  asked,  Why 
did  the  ancients  prefer  these  bellows  in  their  organs  to  those  formed  of 
leather  and  boards,-  such  as  are  figured  at  Nos.  105,  108,  109  ?  Probably 
because  the  pressure  -equired  to  be  overcome  in  forcing  air  into  the  reser- 
voirs was  greater  than  the  form  and  materials  of  the  latter  could  safely 
bear.  It  is  very  obvious  from  the  brief  description  of  tiie  piston  bellows 
of  the  Romans,  that  they  were  calculated  to  produce  much  stronger  blasts 
than  could  be  obtained  from  those  made  of  leather.  Vitruvius  informs  us 
that  the  cylinders  and  valves  were  made  of  brasSf  and  the  pistons  were 
accurately  turned  and  covered  (or  packed)  with  strips  of  unshorn  sheep- 
skins.    They  seem  to  have  been  perfect  condensing  air-pumj)s. 

A  figure  of  an  ancient  hydraulic  organ  is  preserved  on  a  medal  of  Val- 
entinian :  two  men,  one  on  each  side,  are  represented  as  pumping  and 
listening  to  its  music.  This  medal  is  engraved  in  the  third  volume  of 
Montfaucon's  Antiquities,  (plate  26,)  bqt  the  piston  rods  only  are  in  sight ; 
the  top  of  the  cylinders  being  level  with  the  base  on  which  the  blowers 
stand. 

As  piston  bellows  were  known  in  tlie  old  world,  it  might  be  supposed 
they  would  still  be  employed  in  those  parts  of  the  East  where  the  arts 
and  customs  of  former  ages  have  been  luoic  or  less  religiously  retained. 
Such  is  the  fact ;  for  like  other  devices  of  ancient  common  life,  they  are 
used  by  several  of  the  half  civilized  tribes  ot  Asia  and  Africa — people, 
among  whom  we  are  sure  to  meet  with  numerous  primitive  contrivaiicea, 
embodied  in  the  same  rude  forms  and  materials  as  they  were  befori» 
Grecian  taste  or  Roman  skill  improved  them.  It  is  chiefly  to  the  in- 
cidental observations  .of  a  few  ti'avelers  that  we  are  indebted  for  a  know- 
ledge of  these  implements  in  modem  days ;  but  when  the  times  arrive 
for  voyages  of  discovery  to  be  undertaken  for  the  purpose  of  describing 
the  machines,  manufactures  and  domestic  utensils  of  the  various  nations 
of  the  earth ;  (undertakings  of  equal  importance  with  any  other,)  these 
bellows  and  their  numerous  modifications  will  furnish  materials  for  a  chap 
icr  in  the  history  of  the  useful  arts  that  will  be  replete  with  interesting 
information.  As  they  are  clearly  identified  with  the  forcing-pump,  an 
account  of  sonae  of  them  will  not  be  out  of  place. 

Dampicr  thus  describes  the  bellows  used  by  the  blacksmiths  of  Min- 
danao,  **  They  are  made  of  a  wooden  cylinder,  the  trunk  of  a  tree,  about 
three  feet  long,  Vx)red  hollow  like  a  pump,  and  set  upright  on  the  ground; 
on  which  the  fire  itself  is  made.  Near  the  lower  end  there  is  a  small  hole 
in  the  side  of  the  trunk  next  the  fire  made  to  receive  a  pipe  ;  through 
which  the  wind  is  driven  to  the  fire  by  a  great  bunch  of  fine  feathers, 
fastened  to  one  end  of  a  stick,  which  closing  up  the  inside  of  the  cylinder, 
drives  the  air  out  of  the  cylinder  throuo;^h  the  pipe.  Two  of  these  trunks, 
or  cylinders,  are  placed  so  nigh  together,  that  a  man  standing  between 
them  may  work  tiiem  both  at  once,  one  with  each  hand."*  Here  we  have 
both  the  single  and  double  chambered  forcing-pump;  and  although  Dam- 
pior  las  not  noticed  the  valves,  the  instruments  were  certainly  furnished 
with  Uiem,  or  with  some  contrivance  anaU»gous  to  them,  but  being  out  o/ 


*  Dainpier's  Voyages,  i.  33*2. 
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eight,  were  left  unnoticed  by  that  intelligent  sailor.  Tlie  bellows  o£  MaUti' 
gascar,  says  Sonnerat,  '■  is  composed  of  the  hollow  trunks  of  two  tree* 
tied  together.  In  the  bottom  there  are  two  iron  fiinnela,  and  in  the  iustde 
of  each  trunk  a  sucker  furnished  with  raiiia,  which  supplies  the  place  of 
tiiw.  The  apprentice,  whose  busiiiess  it  is  to  use  this  machine,  alterr^ely 
sinks  one  of  the  suckers  while  he  raises  the  other."''  Similar  implements 
are  also  used  in  smelting  iron  as  well  as  in  for^ng  iL  In  the  first  volume 
of  EUis'b  "  History  of  MadagascBr,"  Lon,  1838,  there  is  a  representatior 
of  two  men  reducing  iron  ore  by  means  of  four  piston  bellows.     No.  11 1 
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The  furnace  is  described  as  a  mere  hole  dug  in  the  ground,  lined  with 
nide  stonework  and  plastered  with  clay.  It  was  filled  with  alternate 
layers  of  charcoal  and  ore,  and  covered  by  a  conicnl  roof  of  clay,  a  small 
opening  being  left  at  the  apex,  'i'he  bellows  were  formed  of  the  trunks 
of  trees,  and  stood  five  feet  above  the  ground,  in  which  they  were  fiimly 
imbedded.  The  lower  ends  were  closed  "  air  tight,"  and  a  short  bamboo 
tube  conveyed  the  wind  from  each  to  the  fire,  as  represented.  "  A  rude 
sort  of  piston  is  fitted  to  eEch  of  the  cylinders,  and  tlie  apparatus  for  rais- 
ing the  wind  is  complete."  As  no  mention  is  made  of  valves  nor  of  the 
Openings  through  which  air  entered  the  cylinders,  it  is  probable  that  the 
]>iston3  were  perforated  for  that  purpose,  and  the  {lassages  covered  by 
flaps  or  valves  opening  downwards,  a  device  which  Itie  artlficera  of 
Madagascar  are  a''i|uainred  witli.  See  No.  114.  These  bellows  are  of 
various  sizes,  though  generally  from  4  to  6  inches  in  diameter.  S^mciiraes 
only  one  i*  used,  but  it  is  then  made  of  larger  dimensions,  and  the  blower 
ttaniU  and  works  it  with  both  his  hands.  To  do  it  conveniently,  he  raisM 
himself  on  a  bank  of  earth.  The  bellows  are  not  always  perpcndicul&r, 
hut  are  inclined  as  figured  in  the  back  ground  of  the  cut. 

^Roniioni'i  VoviKH.  iii.  M. 
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The  blacksmiths  of  Java  use  the  same  kind.  RafHes,  in  his  History  oi 
the  Island,  (2  vol.  193,)  after  quoting  Dampier's  description  of  the  bel« 
k>\vs  of  Mindanao,  observes  his  account  "exactly  corresponds"  \v\\h 
that  of  Java.  *'  The  blacksmiths'  bellows  of  Sumatra,**  says  Mr.  Marsden 
"  are  thus  constructed :  two  bamboos  of  about  four  inches  diameter  an(? 
five  feet  in  length,  stand  perpendicularly  near  the  fire,  open  at  the 
upper  end  and  stopped  below.  About  an  inch  or  two  from  the  bottom  a 
small  joint  of  bamboo  is  inserted  into  each,  which  serve  as  nozzles,  point- 
ing to  and  meeting  at  the  fire.  To  produce  a  stream  of  air,  bunches  of 
feathers,  or  other  soft  substance,  are  worked  up  and  down  in  the  upright 
cubes  like  the  piston  of  a  pump.  These,  when  pushed  downwards,  force 
ihe  air  through  the  small  horizontal  tubes ;  ana  by  raising  and  sinking 
each  alternately,  a  continual  current  of  air  is  kept  up."*  The  Bashee 
Islanders  use  the  same  kind  of  bellows.'  The  smiths  of  Bali  have  them 
also :  **  their  instruments  are  few  and  simple,  their  forge  small,  and 
worked  by  a  pair  of  upright  bellows,  such  as  we  find  described  in  Raf- 
fles' Java  '**  They  are  not  confined  to  southern  Asia  and  the  Ethiopian 
Archipelago,  but  are  used  in  continental  Africa.  "  The  bellows  of  the 
negro  artincers  on  the  Gambia,  are  a  thick  reed  or  a  hollow  piece  of  wood, 
in  which  is  put  a  stick  wound  about  with  feathers,  [a  piston,]  which  by 
moving  of  the  stick,  makes  the  wind/*' 

Without  entering  into  the  controversy  respecting  the  origin  of  wooden 
bellows,  it  may  be  inferred  from  the  preceding  extracts,  that  such  have 
been  in  use  from  remote  times ;  and  that  the  cylindrical  forcing-pump,  so 
far  as  regards  the  principle  of  its  construction,  is  equally  ancient :  of  this. 
the  instrument  now  to  be  described,  aflbrds  another  indication.  It  is  the 
bellows  of  the  most  numerous  and  most  singular  of  all  existing  people — 
a  people,  the  wisdom  of  whoso  government  has  preserved  them  as  a  na- 
tion, through  periods  of  time  unexampled  in  the  history  of  the  world,  and 
vrhich  still  preserves  them  amidst  the  prostration  by  European  cupidity  of 
nearly  all  the  nations  around  them ;  a  people,  too,  who  notwithstanding 
all  that  our  vanity  may  suggest  to  depreciate,  have  furnished  evidence  of 
an  excellence  in  some  of  the  arts  that  never  has  been  surpassed.  The 
Chinese,  like  the  ancient  Egyptians,  whom  they  greatly  resemble,  have 
been  the  instructors  of  Europeans  in  several  of  the  useful  arts;  but  the  pu- 
pils, like  the  Greeks  of  old,  have  often  refused  to  acknowledge  the  source 
whence  many  inventions  possessed  by  them  were  derived,  but  have 
claimed  them  as  their  own :  of  the  trutli  of  this  remark,  we  need  only 
mention  printing,  the  mariner's  camjtass,  and  gunparoder. 

In  the  bellows  of  the  Chinese,  we  perceive  the  characteristic  ingenuity 
and  originality  of  that  people's  inventions.  A  description  and  figure  of  their 
bellows  were  published  in  London,  1757,  by  Mr.  Chambers,  in  a  work  en- 
titled *'  Designs  of  Chinese  Buildings,  Furniture,  Dresses,  Machines  and 
Utensils,  from  drawings  made  in  China."  The  foUoA^dng  account  from 
the  fourth  volume  of  the  "  Chinese  Repository,"  a  very  interesting  work 
published  at  Canton  in  China,  is  substantially  the  same.  "  The  bellows 
used  by  them  is  very  aptly  called  '  Fung  Sedng,  '  wind  box,'  and  is 
contained  in  an  oblong  box  about  two  feet  long,  ten  inches  high,  and  six 
inches  wide.  These  dimensions,  however,  vary  according  to  the  whim  of 
the  maker,  and  they  occur  from  eight  inches,  to  four  feet  or  more  in  length, 
and  so  of  the  width  and  height.  The  annexed  profile  \iew  will  give 
some  idea  of  the  principle  upon  which  it  is  constructed." 

Hietory  of  Sumatra,  p.  181.     '  Dampier's  Voyages,  i.  429.    •  Chinese  Repotitorr 

iv.  456.     f  Ogilvy^s  Africa,  Lon.  1670,  p.  356. 
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"  A,  B,  C,  D,  is  a  box  divided  into  two  chambera  Ht  the  line  O  H.  In 
the  upper  one  la  the  piston  E,  which  is  moved  backwards  and  tbrwards 
by  means  of  the  handles  attached  to  it;  and  is  made  to  fit  closely  by 
~  IS  of  leather  or  paper. 


^ 


I  ^  The  lid  oi  die  box  slides 

upon  the  top,  and  is  suiB- 
ciently  thick  to  allow  the 
workmEUi  lo  labor  u|>on  it 
■  At    F  J    are    two    small 

)  ['I  "  holes  each  covered  with  a 

valve ;     and    just    below 
No-iii  SM)o.Br.ciii>».B.ii.n  thera,atO  H  in  the  dr.*- 

■ion  of  the  two  chambers,  are  larger  holes,  for  the  entrance  of  ti-e 
wind  into  die  lower  chamber.  This  part  of  the  bellows  is  made  of  a 
thick  plank,  hollowed  into  an  ovoid  form,  and  is  about  an  inch  iihick. 
The  clapper  G  is  fastened  to  the  back  side  of  the  box,  and  plays  hori- 
zontally ag;ainst  the  two  stops  placed  near  ihe  mouth  I.  It  is  made  as 
high  as  the  chamber,  and  when  forced  against  the  stop,  it  entirely  closes 
the  pass^e  of  air  beyond.  When  the  piston  is  forced  inwaida,  as  repre- 
sented in  the  cut,  the  valve  at  F  is  closed,  and  that  at  J  is  upened  ;  and 
tljus  the  upper  chamber  is  constantly  tilled  with  air.  The  wind  driven 
into  the  lower  chamber  by  tlie  piston  urgea  the  clapper  G  against  the 
Htop,  andis  consequently  forced  out  at  the  mouth.  The  stream  of  iir  is  unin- 
terrupted, but  not  equable,  though  in  the  laj-ge  ones  the  inequality  is  hardly 
perceived.  An  iron  tube  ia  aometimea  attached  to  the  mouth  which  leaus 
to  the  furnace,  and  in  other  casea  the  mouth  ilaelf  is  made  of  iron."  The 
Chinese  generally  use  them  in  an  inclined  or  horizontal  position,  freijuenily 
making  use  of  the  upper  side  as  a  work  bench.  In  the  figure  (and  ihi 
■jne  given  by  Chambers)  two  rods  are  connected  to  the  piston  to  prevent 
k  from  springing  when  used  :  this  apjwars  to  be  the  practice  with  regafl 
t«  those  of  large  dimensions.  In  small  ones  a  single  toA  is  soinetimcH  used, 
and  die  chamber  is  cylindrical.  In  the  collection  of  M.  Berlin,  (a  Fretic'i 
minister  and  secretary  of  state  in  the  former  part  of  tlie  last  cmiiury,) 
which  contiuned  "  about  400  original  drawings,  made  at  Pekin,  of  the 
arts  and  manufactures  of  China  "  a  portable  and  tingk-aeiijtg  bellows  is 
rcf  resented  as  in  the  next  figure.* 

"  This  instniment  U 
made  like  a  box  in 
which  is  a  piston,  so 
constructed  tliat  when 
it  u  drawn  out  behind, 
the  vacuum  which  it  oc- 
casions in  the  box  makei 
the  air  rush  in  with  great 
impetuosity  through  a 
lateral  opening,  to  wtuch 
a  sucker  [a  vajve]  is  af* 
fixed;  ana  when  Uie  pit- 
ton  returns  in  an  inverse 
direction,  the  sucker 
[valve]  closes  itself,  and 
Navarette  preferred  tlw 
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s  forced  out  by  the  opposite  extremity.' 
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Clnnese  bellows  to  the  European  one,  he  said  it  was  more  commodious 
and  efficient.'*  It  is  employed  to  some  extent  in  Java,  having  been  intro- 
duced from  China.® 

Since  the  preceding  remarks  were  written,  we  have  examined  two 
1)ellow8  from  China, in  the  splendid  "Chinese  Collection"  in  Philadelphia. 
One  of  them  belonged  to  a  traveling  blacksmith.  It  is  formed  of  a  cylin- 
drical joint  of  bamboo,  2 J  feet  in  length,  and  between  five  and  six  inches 
'liameter.  The  piston  rod  is  a  wire  J  or  f  of  an  inch  thick,  with  a  small 
gimlet  handle.  Air  is  admitted  through  a  cluster  of  Bve  or  six  small  holes 
111  each  «nd^  which  are  covered  in  the  inside  by  paper  flaps :  these  are  the 
induction  valve»,  marked  J  F  in  No.  112.  Along  one  side  of  the  bellows 
a  strip  of  wood  2^  inches  s^dde  and  1^  thick,  is  secured  by  what  appears 
to  be* eight  small  diunib  screws,  and^thc  junction  made  tight  by  cement  or 
wax  ;  this  projecting  piece  resembles  those  on  the  sides  of  high  pressure 
steam-engine  cylinders;  and  is  intended  for  a  somewhat  similar  purpose,  its 
interior  being  hollowed  into  a  passage  for  the  wind  when  expellQa  by  tlie 
piston  from  either  end  of  the  cylinder.  A  short  metallic  tube  conveys 
the  wind  from  the  middle  of  this  piece  to  the  furnace  as  in  No.  112;  Xh«" 
ends  of  the  bellows  are  secured  from  splitting  by  two  thin  and  narro'U 
iron  hoops,  and  at  one  place  a  small  clamp  is  driven  across  a  crack,.as  is 
sometimes  practiced  in  mending  wooden  bowls.  The  instrument  resem-- 
bles  the  one  in  the  last  figure,  but  is  double  acting:  the  figure  of  the  artist 
accompanying  it  is  seated  on  the  ground  and  works  it  with  one  hand  while 
he  attends  the  fire  with  the  other. 

The  other  bellows  consists  of  along  box  like  tlie  one  figured  SLt  No.  112. 
From  the  circumstance  of  its  not  being  confined  in  a  glass  case,  and  per- 
mission to  examine  its  interior  having  been  politely  accorded,  we  haa  an 
opportunity  of  ascertaining  some  particulars  that  are  not  mentioned  in  any 
published  account  of  those  instruments  that  has  fallen  in  our  way.  It  is 
twenty-two  inches  long,  seven  deep,  and  dve  wide,  made  of  thin  boards 
of  a  species  of  fir  and  extremely  ligfht :  the  sides  and  ends  are  dovetailed 
together  ;  and  the  bottom  appeared  to  be  intended  to  slide  over  the  sides, 
having  sti*ips  projecting  from  it  and  no  pins  or  nails  visible  ;  this  arrange- 
ment enables  a  person  to  examine  the  interior,  and  to  replace  or  repair  uie 
valves,  &c.  with  gi'cat  facility.  The  boards  of  which  the  machine 'is -made 
are  of  a  uniform  thickness  (about  §  of  an  inch)  except  tlie  top,  which  is 
1^  inches.  The  reason  for  this  extra  thickness  wbb  perceivea  as  soon  aa 
it  was  removed,  (it  was  secured  to  the  sides  and  ends  by  long  w^ooden 
pins,)  for  a  deep  and  wide  groove  is  made  through  its  whole  length  with 
the  exception  of  ^  of  an  inch  at  each  end,  and  at  the  middle  of  the  groove 
a  passage  is  cut  at  right  angles  to  it  through  one  side  for  tlie  air  to  pass 
into  the  tuyere.  Upon  the  removal  of  this  thick  cover,  the  inside  of  the 
box  was  not  exposed,  for  another  thin  ono  was  found  in.«tened  within  the 
•ides,  and  flush  with  their  edges,  lliis  yr^LS  a  board  slipped  between  the 
sides  and  resting  upon  the  upper  edge  of  the  piston,  having  two  openings, 
one  at  each  end,  which  coincided  with  the  gT€>ove  in  the  outer  cover,  (the 
inner  cover  is  represented  by  the  line  H  O  in  No.  112;)  henc'e'  die  wind 
18  driven  by  the  piston  alternately  through  each  opening  into  the  groove, 
uid  by  the  action  of  the  valve  in  the  middle  of  tlie  latter,  is  compelled 
to  pass  into  the  tuyere.  This  valve  is  represented  at  G  in  No.  112, 
and  from  an  inspection  of  that  cut,  it  "^rill  be  apparent  that  some  contri- 
vance of  the  kind  is  absolutely  necessary,  in  order  to  prevent  the  wind 
when  forced  from  one  end  of  the  bellows,  from  passing  along  the  groove 
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into  the  othe^  end  :  it  consists  of  a  narrow  piece  of  hard  wood  of  the  same 
depth  as  the  groove,  and  of  a  length  that  ratlier  exceeds  the  width  of 
the  groove.  A  hole  is  di*illed  through  one  end  and  a  pin  driven  through 
it  into  the  solid  part  of  the  cover,  so  tliat  it  turns  freely  on  this  pin,  aiA 
closes  and  opens  a  passage  for  the  escape  of  the  wind  into  the  tuyere,  h 
is  driven  bv  the  wind  at  every  stroke  of  the  piston  against  tlie  opposite 
cheek  of  tne  groove,  and  thus  prevents  the  wind  from  passing  into  the 
other  end  of  the  cylinder,  as  shown  at  G  in  No.  112.  It  is  surprising  how 
easily  this  valve  plays  although  its  upper  and  lower  edges  rub  against  the 
surfaces  of  the  two  covers — a  trifling  movement  of  tlie  piston  drives  it 
against  the  cheek,  and  occasions  a  snapping  sound  somewhat  like  that 
from  the  contact  of  metal. 

When  the  inner  cover  was  raised  out  of  its  place,  the  piston  and  induc- 
tion valves  were  exposed  to  view,  and  the  simplicity  hud  cfHciency  of 
these  parts  were  in  keeping  with  the  rest :  the  two  valvob  are  mere  flaps 
of  paper,  glued  at  their  lower  edges  to  the  under  side  of  the  openings, 
and  hence  they  stand  nearly  perpendicular,  instead  of  being  suspended  from 
above ;  the  slightest  impulse  of  air  closed  them.  The  piston  is  hal£^  an 
inch  thick,  but  is  reduced  at  the  edges  to  a  quarter  of  one  ;  it  appears  to 
be  formed  of  two  thin  pieces  which,  united,  are  equal  in  thickness  to  that 
mentioned ;  and  between  tliem  arc  inserted  two  small  sheets  of  moderately 
BtiiF  paper,  which  project  an  inch  over  every  side.  The  part  that  pro- 
jects is  folded  at  die  comers  and  turned  over  the  edges  of  the  piston ; 
one  sheet  being  turned  one  way,  and  the  other  the  contrary,  so  that  when 
the  piston  is  moved,  the  air  presses  the  paper  against  the  sides  of  tlie  bel- 
lows and  renders  the  piston  perfectly  tight,  on  the  same  principle  as  the 
double  cupped  leathera  of  flre-engines  and  utlicr  forcing- pum^is ;  and  ai 
the  same  time  without  any  perceptible  increase  of  friction.  The  two  j)is- 
ton  rods  are  half  inch  square,  and  work  tlirough  holes  in  one  end  of  the 
box  without  any  stuflUng-box.  The  whole  machine  is  of  wood,  except 
the  paper  for  the  piston  and  valves.  Altliough  tlie  instrument  appears  to 
be  a  rectangular  box,  it  is  not  exactly  so,  the  bottom  being  a  little  wider 
than  the  top. 

It  would  be  superfluous  to  point  out  the  application  of  piston  bellows  tc 
raise  water,  since  they  are  perfect  models  of  our  atmosphenc  and  forcing- 
pumps.  Why,  then,  it  may  be  asked  are  not  the  Chinese  found  in  the 
possession  of  the  latter  'i  In  reply  to  tliis  question,  it  may  be  observed  :  1. 
That  from  our  imperfect  knowledge  of  the  people,  it  is  not  certain  that 
Buch  machines  have  not  been,  and  are  not  used  to  a  limited  extent  in  tlie 
interior  of  that  great  empire.  2.  That  custom,  and  probably  experience, 
have  induced  them,  in  common  witli  other  nations  of  die  Oriental  world, 
to  give  the  preference  to  more  simple  devices — to  dieir  chain  pump,  bam- 
boo wheel,  &c.,  a  preference  which  wo  know  is  in  some  instances  based 
on  solid  grounds :  for  example,  die  chain  pump  as  used  by  diem,  raises 
more  water  with  the  same  aniomit  of  labor,  than  any  atmospheric  or  forc^ 
mg-pump,  if  placed  under  the  same  circumstances.  And  as  for  the  noria 
or  bamboo  wheel,  which  driven  by  a  cuiTeut,  raises  water  night  and  day, 
and  from  20  to  50  feet,  we  are  told  diat  it  answers  die  purpose  "  as  com- 
pletely as  the  most  complicated  European  machine  could  do;  and  I  will 
answer  for  it  [says  Van  Braam]  that  it  does  not  occasion  an  expense  of 
ten  dollars."  3.  A  circumstance  connected  with  one  of  their  ancient  as  well 
as  modern  scenic  representations,  shows  that  when  xUve  forcing  oi  spoutine 
of  water  is  required,  their  artists  are  at  no  loss  for  devices  to  effec  t  it ;  and 
that,  too,  under  very  unusual  circumstances.  One  of  the  pantomimes  per- 
formed at   Pekin  is  die  "  Marriage  of  the  Sea  with  the  LandJ"     The 
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latter  divinity  made  a  diuplay  of  his  wealth  and  productions,  such  as  di-a< 
gons,  elephants,  tigers,  eagles,  ostriches,  chestnut  and  pine  trees,  &c 
The  Ocean,  on  the  other  hand,  collected  whales,  dolphins,  porpoises  and 
other  sea  monsters,  together  with  ships,  rocks,  shells,  &c.,  **  all  these  ob- 
jects were  represented  by  performers  concealed  under  cloths,  and  who 
played  their  parts  admirably.  The  two  assembla^s  of  productions,  ter- 
restrial  and  marine,  made  the  tour  of  the  stage,  ana  then  opened  right  and 
left  to  leave  room  for  an  immense  whale,  which  placed  itself  directl^* 
before  the  emperor,  and  spouted  out  several  hogsheads  of  tvater,  which 
inundated  the  spectators  who  were  in  the  pit.''*  As  both  the  water  and 
forcing  apparatus  were  contained  within  the  moving  figure,  we  can  only 
imagine  the  jets  to  have  been  produced  by  means  of  piston  or  bellows 
ibrcmg^pumps,  or  sonietliing  analogous  to  them— or  by  air  condensed  in 
one  or  more  vessels  contaimng  water,  like  soda  fountains.  4.  If  Chinese 
lads  never  discovered  a  source  of  amusenoent  in  the  application  of  their 
bellows  (some  of  which  are  only  eight  inches  long)  as  squirts  or  pumps, 
they  must  differ  essentially  from  lads  of  other  nations— a  position  that  few 
judges  of  himian  nattire  would  admit.  Boys  are  the  same  in  all  ages,  and 
the  mischievous  youngsters  of  the  Celestial  £mpire  have  doubtless 
often  derived  as  much  pleasure  from  annoying  one  another  with  water 
ejected  from  these  implements,  as  those  of  Europe  and  this  country  do 
with  similar  devices.  Such  an  application  of  them  was  sure  to  be  found 
oiit  by  boys,  if  by  no  one  else.  Whether  the  bellows-pump  originated 
in  this  manner  or  not,  may  be  uncertain,  but  several  useful  discoveries 
have  been  brought  to  light  in  much  the  same  way  :  it  was  a  youth  who 
ehanged  the  whole  character  of  the  steam-engine,  by  giving  it  uat  feature 
upon  which  its  general  utility  depends — his  ingenuity,  sUmulated  by  a 
love  of  play,  rendered  it  self-acting. 

The  antiquity  of  the  Chinese  bellows  is  a  subject  of  much  interest.  It 
mav  have  been  the  instrument  which  Anacharsis  introduced  into  Greece,  it 
having,  perhaps,  been  employed  by  his  countrymen,  the  ancient  Scythians, 
as  well  as  by  their  descendants,  the  modem  Tartars.  If  it  has  been  in 
use,  as  supposed,  from  times  anterior  to  Grecian  and  Roman  eras,  the 
origin  of  the  pump  in  the  second  century  B.  C.  can  hardly  be  sustained; 
for  when  the  induction  valves  of  one  of  these  bellows  are  placed  in  water, 
(as  we  suppose  has  occasionally  been  done  ever  since  its  invention,)  it  is 
then  the  "  water  forcer"  of  Ctesibius ;  and  if  pipes  be  connected  to  F  and 
J,  (No.  112,)  and  their  orifices  placed  in  a  liquid,  the  apparatus  becomes 
tlie  double  acting  pump  of  La  Hire.  But  what  may  be  surprising  to  some 
persons,  its  construction  is  identical  vrith  that  of  the  steam-engine ;  for  let 
It  be  furnished  with  a  crank  and  fly  wheel  to  regulate  the  movements  of 
its  piston,  and  with  apparatus  to  open  and  close  its  valves,  then  admit 
steam  through  its  nozzle,  and  it  becomes  the  double  acting  engine  of  Boul- 
ton  and  Watt.  Again,  connect  its  induction  orifices  to  a  receiver,  and  it 
becomes  an  exhausting  air-pump ;  apply  its  nozzle  to  the  same  vessel,  and 
it  is  a  condensing  one.  The  most  perfect  blowing  machine,  and  the  chef 
^iBuvre  of  modern  modifications  of  the  pump,  are  also  its  fac-similes. 

It  would  seem  that  the  Chinese  have  other  kinds  of  bellows,  or  differ- 
ent modes  of  working  these.  Bell,  in  his  account  of  the  Russian  embassy 
in  1720,  says  that  he  was  lodged  in  a  village  twelve  miles  from  Pekin  in 
a  cook's  house,  which  ^ve  him  an  opportunity  of  observing  the  customs  of 
the  people  even  on  trifling  occasions :  *'  My  landlord,"  he  observes,  '*  be 
ing  m  his  shop,  I  paid  him  a  visit,  where  I  found  six  kettles  placed  in  a 
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row  on  furnaces,  having  a  separate  opening  under  eacb  of  them  for  re- 
ceivinp  the  fuel,  which  consisted  of  a  few  small  sticks  and  airaw.  On 
hi4  pulling  a  ikimg,  he  blew  a  pair  ■of  hellows  which  made  all  bi  j  kettle< 
boil  ill  a  very  short  tirao."''  Lwe  other  Asiatics,  the  Chinese  have  proba- 
hiy  a  variety  of  these  instnimtmiB.  The  van,  or  winnowing  machine, 
which  we  have  received  from  them,  is  a  rotary  bellows.  See  page  70 
of  this  volume. 

Various  rotary  bellows  are  deacribed  by  Agricola,  aa  employed  in  the 
vendlation  of  mines,  and  worked  by  men  with  cranks,  and  in  one  instance 
by  a  horse  treading  on  the  periphery  of  a  wheel.''  Rotary  blowing 
machines  have  been  represented  as  of  more  recent  origin,  but  they  are  m 
all  probability  of  great  antiquity.  The  Spaniards  introduced  them  into 
Peru  as  early  as  1545,  to  reduce  the  silver  ores,  but  they  were  soon  aban- 
doned.*    For  rotary  pumps,  see  a  subsequent  chapter  of  this  book. 

We  are  indebted  for  some  interesting  niformation  respecting  the  aria  of 
vaHous  islanders  of  the  Indian  ocean   to  Mr.  William  Clark  of  Philadel 
phia,  who,  besides  spending  several  years  in  whaling  voyages,  resided 
two  years  in  Southern  Africa.     The  vessel  to  which  he  was  attached  hav- 
ing on  one  occasion  touched  on  the  coast  of  Madagascar,  some  native 
smiths  were  found  using  bellows  that  excited  particiilar  attention  ;  some 
were  cylindrical,  being  formed  of  bored  logs,  others  were  square  trunks, 
five  or  six  inches  in  diameter,  and  about  five  feet  long;  but  the  internal 
construction  of  both  was  the  same.     The  ship's  carpenter  was  permitted 
M'open  one.      It  was   composed  of  four  planks  that  had  been  split  from 
trees,  the  insides  shaved  smooth  and  straight,  and  the  whole  put  together 
with  wooden  pins  instead  of  nails  or  screws.      It  was  divided   into  two 
parts  by  a  partition  or  disk,  which  was  permanently  secured  in  its   place, 
(shown   Bt  A  in   the   annexed  cut,)  where,  like   a  piston,  it  occupied  the 
entire  space  across.   On  one  side  of  the  trunk,  and 
Opposite  the  edge  of  A,  an  opening  was  made  for 
die  insertion  of  the  tube  0  that  convevcd  the  wind 
to  the -fire,  the  edge  of  A  at  this  place  being  feather- 
ed, and  a'  small   projecting  piece  added  to  it,   in 
order  to  direct  the  current  of  air  from  either  side 
ol'tlie  paroOon  into C   ,  An  opening  was  made  in 
the  centre   of  A,  through  which  a  smooth   piston 
rod  B,  played ;   two  pistons  or  boards,  P  P,  accu- 
rately ntted  to  work  in  tVie  trunk,  were  attached 
on  opposite  sides  of  the  partition  to  B ;  these  pis- 
tons were  perforated,  imd  tlic  openings  covered  by 
flaps  or  valves  like  those  ol'  a  common  pump  box, 
but  the  npper  one  was  secured  to  the  mider  side 
of  the  piston  as  shown  in  tlie  figure.     The  trunk 
rested  on  four  short  pieces  of  wood  pegged  to  it. 
In  some,  holes  were  made  at  the  lower  part  for 
the  admission  of  air.      These  Irellows  were  there- 
fore double  acting,  and   consequently  one   of  them 
was  equal  in  its  effects  to  two  of  those  represented 
at  No.  Ill,  which  drive  the  air  out  only  on  tlic  de- 
scent of  the  piston,  wbcrcai  these  forced  it  into  the 
fire   both   on  ascending  ai:d   descending.      Thus, 
when  the  blower  raised  the  rod  B,  die  flap  on  llic 
lower  piston  closed,  and  the  air  in  that  division  o( 
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Ice  irunk  was  expelled  through  C  ;  at  the  same  time  the  flap  of  the  upper 
piston  was  opened  by  its  own  weight  and  the  air  passing  through  it,  and 
on  the  descent  of  B  all  the  air  in  the  upper  part  of  the  trunk  was  forced 
into  the  fire  in  like  manner;  hence  an  uninterrupted,  though  not  an  equable 
blast  of  wind  was  kept  up.  The  whole  apparatus  was  of  wood  except 
the  Haps,  which  were  pieces  of  g^en  hide  rendered  pliable  by  working 
tliem  in  the  hands ;  and  they  were  prevented  from  opening  too  far  by 
na.trow  slips  of  the  same  material  pegged  over  them.  There  was  no 
packing  to  *he  pistons,  but  they  were  moved  with  great  rapidity. 

These  bellows  are  different  from  those  described  by  Dampier,  Sonnerat 
and  Ellis,  as  used  in  the  same  island ;  but  they  serve  to  corroborate  a  re- 
mark tliat  has  been  made  by  several  travelers,  viz :  that  tlie  negroes  o/ 
Africa  are  in  possesbion  of  a  ^reat  variety  of  those  instruments.  The  one 
aljove  described  is  a  tine  specimen  of  their  ingenuity,  for  there  can  be  little 
doubt  that  it  is  original  with  them — it  evidently  is  not  derived  from  the 
double  acting  bellows  of  China,  nor  can  it  have  been  procured  from  Europe, 
since  nothing  of  the  kind  has,  we  believe,  ever  been  used  there.  It  is  the 
only  bellows  that  we  have  met  with  having  valves  in  the  pistons. 

it  need  hardly  be  observed  that  double  pumps  have  been  made  on  tlie 
same  principle.  There  is  one  figured  by  Bclidor  in  the  second  volume  ol 
his  Architecture  Hydraulique,  which  diners  from  the  above  figure  only  in 
having  two  short  piston  rods  connected  together  by  a  frame  on  the  outside 
of  the  cylinder,  instead  of  one  lon^  one  working  through  the  disk. 

No  stronger  proofs  could  possibly  be  adduced  of  the  analogy  between 
pomps  and  bellows,  than  what  the  figures  in  this  and  the  preceding  chapter 
afford. 

While  engaged  on  this  part  of  the  subject  we  were  induced  to  refer 
again  to  the  accounts  of  the  old  Mexicans  and  Peioivians,  in  hopes  of  find- 
ing some  indications  of  the  pump  in  the  instruments  employed  to  urge  air 
into  their  furnaces ;  but,  strange  as  it  will  appear  to  modern  mechanics,  they 
are  said  to  have  been  wholly  ignorant  of  the  bellows.  This,  if  true,  is  a 
very  singular  fact;  and,  con^dering  the  extent  to  which  they  practiced  the 
arts  of  metallurgy,  one  that  is  unexampled  in  the  history  of  the  world.  It 
appears,  moreover,  irreconcilable  with  the  opinion  of  their  oriental  origin; 
for  it  is  difficult  to  conceive  how  emigrants  or  descendants  of  emigrants 
from  Asia,  could  have  been  ignorant  of  this  simple  instrument  which  has 
been  used  in  one  form  or  another  on  that  continent  from  the  earliest  times, 
and  which  is  still  employed  by  the  rudest  tribes  there,  and  also  in  all  those 
parts  whence  the  early  Peruvians  are  supposed  to  have  come.  The  bel- 
lows is  common  almost  as  the  hammer,  n*om  the  peninsular  of  Malacca  to 
that  of  Kampschatka,  and  from  the  Phillippine  islands  to  those  of  Japan. 
In  Africa,  too,  it  is  used  in  g^rcat  variety  and  by  people  whose  progress  in 
the  arts  is  far  behind  that  of  the  ancient  smiths  of  America. 

How  little  is  known  respecting  tlie  mechanical  implements  of  Mexican 
and  Peruvian  workmen  and  of  their  processes,  and  yet  but  three  centuries 
have  elapsed  since  the  latter  were  in  full  operation  !  We  are  not  aware 
that  a  single  tool  has  been  preserved,  much  less  their  modes  of  manufac- 
ture ;  nor  is  this  much  to  be  wondered  at  when  the  spirit  that  animated 
the  conquerors  is  considered — it  was  the  acquisition  of  fi[old,  not  the  tools 
for  or  manner  of  working  it,  that  they  had  in  view ;  and  had  it  not  been 
for  the  prodigious  amount  of  bullion  which  they  found  worked  into  va- 
rious figures  and  utensils,  we  should  scarcely  have  ever  heard  of  the  latter; 
anJ  yet  the  workmanship  on  some  of  them,  exceeded  the  value  of  the  metal. 
I'hat  there  are  errors  in  the  accounts  of  early  writers  on  the  arts  and  ap- 
perktus  of  old  Americar  mechanics  is  unquestionable,  and  among  thenr 
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may  he  mentioned  tliat  which  confined  the  materials  of  their  cutting  in 
strumeuts  to  obsidian  and  other  stones ;  whereas  it  is  now  certain  thai 
they  had  chisels,  &c.  of  bronze  or  alloys  of  copper  and  tin ;  asd  probably 
of  a  similar  composition  to  those  of  Egyptian  workmen,  ^..s  for  bello';v9. 
It  was  no  easy  task  (supposing  it  had  been  undertaken  by  the  old  histo- 
rlans  of  Mexico  and  Peru)  to  determine  positively  that  they  were  unknowr. 
throughout  those  extensive  countries.  To  ascertain  what  tools  were  and 
were  not  used,  re(]uired  something  more  than  a  superficial  knowledge  of 
the  people.  Before  a  stranger  could  speak  decidedly  on  the  subject  of 
bellows,  it  was  necessary  that  he  should  become  familiar  with  their  modes 
of  working  the  metals,  by  frequently  visiting  them  in  their  workshops  end 
dwellings;  and,  from  an  intimate  knowledge  of  their  lan^^age,  making  'n 
quiries  respecting  the  tools  and  details  of  the  processes  adopted  by  artisans 
of  distant  tribes;  for  bellows  might  be  used  to  a  limited  extent  in  on? 
country,  and  (from  variety  in  the  ores,  articles  manufactured  or  custom's 
of  workmen)  not  at  all  in  another.  But  there  does  not  appear  to  hays 
been  any  eiforts  made  to  collect  information  of  this  kind  by  the  con- 
querors— its  value  was  not  appreciated  by  them  or  by  their  immediate 
successors,  and  hence  the  opportunity  was  neglected  and  could  never  he 
recalled  ;  for  other  historians  agree  with  Clavigero,  that  the  wonderfal 
arts  of  the  Mexican  and  Peruvian  founders  were  soon  last,  **  by  ths  de- 
basement of  the  Indians  and  the  indolent  neglect  of  the  Spaniards.^'  £/en 
Garcilasso,  although  a  native  Indian,  by  his  mother's  side,  does  not  sesna 
to  have  possessed  any  particular  knowledge  on  the  subject  of  working  the 
metals :  he  derived  his  information  from  Acosta,  to  whose  work  he  refers 
his  readers. 

But  what  are  the  proofs  that  bellows  were  unknown  to  the  subjects  of 
Manco  Capec  and  Motezuma  ]  The  principal  one  is  derived  fi'om  the'r 
fusing  metal <*  without  them :  they  kept  their  tumaces  in  blast,  it  is  alledged . 
by  the  breath  of  a  number  of  men  who  blew  on  the  fi'^s  through  tubes  of 
bamboo.  That  this  was  often  practiced  there  is  no  doubt,  and  that  it  was 
die  general  custom  is  admitted ;  but  it  does  not  therefore  follow  that  they 
had  no  contrivances  for  producing  artificial  blasts :  this  will  appear  trcm 
the  practice  of  oriental  gold  and  silver  smiths,  both  of  ancient  and  modern 
times.  The  fusion  of  gold  and  silver  with  blowing  tubes  is  a  device  of  remote 
antiquity,  and  like  all  ancient  customs  relating  to  the  useful  arts,  it  is  stiJi 
practiced  by  the  Hindoos,  Malays,  Ceylonese,  Persians  and  other  Asiatics  ; 
and  also  by  Egyptians  and  numerous  African  tribes.  The  goldsmiths  of 
Sumatra,  Mr.  Marsden  observes,  "  in  general  use  no  heUows,  but  blow  tho 
fire  with  their  mouths  through  a  joint  of  bnmhoo ;  and  if  the  quantity  oi 
metal  to  be  melted  is  considerable,  three  or  four  persons  sit  round  the  fur- 
nace, which  is  an  old  broken  kwali,  or  iron  pot,  and  blow  together :  at 
Padang  alone,  where  the  manufactiire  is  more  consxtlerable,  they  have 
adonted  the  Chinese  bellows.*'*  We  have  already  described  the  siniz-Lj 
and  also  a  double  acting  bellows  of  these  people ;  besides  which  they  have 
that  of  China,  and  yet  it  seems  that  all  the  working  goldsmiths  of  the  coun- 
try, except  those  of  a  single  town,  still  melt  their  metal  as  the  Mexicans 
and  the  Penivians  did  :  hence  the  mere  fact  of  the  old  smiths  of  these  con- 
tinents using  blowpipes  to  fuse  metal,  is  no  more  a  proof  of  their  igrr- 
rance  of  bellows,  than  the  like  practice  is  of  modem  Asiatics  being  also 
ignorant  of  them. 

Nothing  is  easier  than  to  err  respecting  a  knowledge  of  bellows  in  for- 
mer times,  by  inferences  drawn  from  the  use  of  blowpi{)e8.    In  the  oldest 
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monuments  of  Egypt  (those  ofBeni  Hassan)  the  latter  are  represe.ited  in 
the  remote  age  of  Osirtasen,  1700  B.  C.  which  to  a  superficial  observer 
might  lead  to  the  supposition  that  the  former  were  then  unknown ;  but  a 
close  examination  of  tne  sculptures  shows  the  fallacy  oii  such  a  conclusion, 
since  blowing  tubes  are  also  figured  long  after  the  reig^  of  Thothmes  in 
whose  time  bellows  were  certainly  common.*  Again,  on  the  last  day  of 
the  feast  of  Talx*rnacles,  the  Jews  were  allowed  by  rabbinical  precepts 
tu  light  one  fire  from  another,  but  not  to  strike  new  fire  from  stone  or 
raetai,  nor  to  quench  it,  although  to  save  their  goods,  "  nor  to  l>low  it  with 
Itellowes, but  with  a  reede"^  Now  a  stranger,  having  an  imperfect  know- 
ledge of  Jewish  customs,  upon  witnessing  fires  thus  blown  would,  in  some 
parts  of  the  world,  be  very  apt  to  conclude  that  they  had  no  bellows.  And 
again,  if  we  had  not  a  proof  that  our  domestic  bellows  was  known  to  the 
Romans,  we  might  have  inferred  from  Pliny's  account  of  statuaries  and 
painters  representing  individuals  blowing  fires  with  thmmcuths,  that  artifi- 
cial instruments  for  the  purpose  were  then  unknown. 

Enough  may  be  gathered  from  early  writers  on  America  to  account 
for  bellows  not  being  employed  in  those  operations  in  which  they  would 
seem  to  have  been  most  re(|uired,  viz :  in  smelting  of  metals.  According 
to  Acosta,  some  ores  could  not  be  reduced  by  bellows,  but  only  by  air 
furnaces.  Grarcilasso,  in  the  last  chapter  of  the  eighth  book  of  his  Uom- 
mentaries,  makes  the  same  remark.  In  smelting  the  silver  ore  of  Fotosi, 
he  says  the  Indians  used  neither  bellows  nor  bloMring  tubes,  but  a  natural 
wind,  which,  in  their  opinion,  was  the  best ;  they  therefore  fused  the  ore 
in  small  furnaces  placed  on  the  hills  in  the  night  time,  whenever  the  wind 
was  sufficient  for  the  purpose ;  and  it  was  a  pleasant  sight,  he  observes, 
"  to  behold  eight,  ten,  or  twelve  thousand  of  those  fires  at  the  same  time, 
ranged  in  order  upon  the  sides  of  the  mountains.' '  The  Spaniards  suspect- 
ing that  the  metal,  when  thus  diffused  among  a  great  number  of  hands, 
might  be  more  readily  purloined,  and  that  much  of  it  wns  wasted  in  so 
many  fires,  introduced  blast  furnaces,  the  fires  in  which  were  urged  "  by 
larse  bellows,"  but  these  not  succeeding,  (the  blast  being  too  strong,)  they 
had  recourse  to  rotary  bellows,  ("  engines  with  wheels,  carried  about  with 
sails  like  a  windmill  which  fanned  and  blowed  the  fire,")  but  these  also 
failed  to  accomplish  the  purpose,  "  so  that  the  Spaniards  despairing  of  the 
success  ot  their  inventions,  made  use  of  those  f  chief i  tJie  Indians  hud  framed 
and  contrived^  No  stronger  reason  could  be  adduced  why  the  bellows 
was  not  previously  used  in  the  reduction  of  ores. 

At  a  subsequent  fusion  of  the  metal  in  their  dwellings,  the  workmen 
(says  Grarcilasso)  instead  of  bellows,  continued  to  use  blowing  tubes, 
'*  though  our  [Spanish]  invention  of  bellows  is  much  more  easie  and  forci- 
ble to  raise  tne  fire."  Supposing  they  were  ignorant  of  bellows  before  the 
arnval  of  the  Spaniards,  nere  is  a  proof  that  after  they  became  acquainted 
with  these  instruments,  they  still  preferred  tlieir  tubes,  as  the  gold  and 
silver  smiths  of  Asia  generally  do  at  this  day ;  and  hence  the  use  of  suoL 
tubes  does  not  show,  as  has  been  stated,  '*  that  they  were  unacquainted 
with  the  use  of  bellows." 

If  there  was  nothing  else  to  adduce  in  favor  of  the  old  Peruvians  bein^; 
acquainted  with  bellows,  or  with  the  principle  of  their  construction  and  ajv 
plication,  than  the  balsas  or  blown  floats  which  their  fishermen  and  those 
of  Chili  used  instead  of  boats,  we  should  deem  them  sufficient,  'i^hese 
were  large  bags  made  of  skins  of  the  sea  wolf  and  filled  with  air.     They 
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were  "  so  well  sewed,  thsit  a  considerable  weight  could  not  force  any  of 
It  out."  They  carried  from  twelve  to  fourteen  hundred  pounds,  and  if  any 
air  escaped,  there  were  two  leathern  pipes  through  which  the  fishermen 
"blow  into  the  bags  when  there  is  occasion."  Frezier's  Voyage  to  the 
South  Seas,  page  121.  These  were  real  bellows,  only  applied  to  another 
purpose.  Had  iLoy  not  been  found  less  efficient  or  less  economical  than 
blowing  tubes,  they  would  doubtless  have  been  used  as  substitutes  for  the 
latter  in  the  fusion  and  reduction  of  ores.  It  may  here  be  noticed  as  a 
singular  fact,  and  one  which  may  possibly  have  reference  to  bellows,  that 
Quetzalcoatl,  the  Mexican  God  of  the  air  or  wind;  was  also  the  Vulcan 
of  all  the  nations  of  Anahuac. 

Both  Mexicans  and  Peruvians  were  accustomed  from  their  youth  to  use 
blowing  tubes,  for  the  primitive  air  gun,  through  which  to  shoot  arrows 
and  other  missiles  by  the  breath,  was  universally  used,  and  the  practice 
is  still  kept  up  by  their  descendants.  Motezuma,  in  his  first  interview 
with  Cortez,  shrewdly  compai*ed  the  Spanish  guns,  as  tubes  of  unknown 
metal,  to  tlie  sarbacans  of  his  countrymen.  From  the  expertness  acquired 
by  the  constant  employment  of  these  instruments  in  killing  game,  it  was 
'/latural  enough  to  use  them  instead  of  bellows  to  increase  the  heat  of  their 
furnaces,  and  custom  rendered  them  very  efficient. 

We  have  prolonged  our  remarks  on  this  subject  because  it  has  been 
concluded  that  remains  of  furnaces,  found  far  below  the  surface  in  various 
parts  of  this  continent  and  in  regions  abounding  with  iron,  could  never 
have  been  employed  in  reducing  that  metal ;  for  in  those  remote  ages  in 
which  such  furnaces  were  in  action,  the  bellows,  it  is  said,  was  unknoivn; 
a  position  that  we  think  untenable,  and  quite  irreconcilable  with  the 
advanced  state  of  metallurgy  in  those  times. 

Before  leaving  the  subject  of  bellows  and  bellows  pumps,  we  may  re- 
mark that  numerous  illustrations  of  the  latter  may  be  found  in  the  natural 
world.  To  an  industrious  investigator,  die  animal  kingdom  would  furnish 
an  endless  variety,  for  every  organized  being  is  composed  of  tubes  and 
of  liquids  urged  through  them.  The  contrivances  by  which  the  latter  is 
accomplished  may  be  considered  among  the  prominent  features  in  the 
mechanism  of  animals ;  and  although  modified  to  infinitude,  one  general 
principle  pervades  the  whole ;  this  is  the  distension  and  contraction  of 
flexible  vessels  or  reservoirs  in  which  fluids  are  accumulated  and  driven 
through  the  system.  On  the  regular  function  of  these  organs  the  neces- 
sary motions  of  life  chiefly  depend ;  by  them  urine  is  expelled  from  the 
bladder,  blood  from  the  heart,  breath  from  the  lungs,  &c. ;  they  are  natural 
bellows  pumps,  while  other  devices  of  the  Divine  Mechanician  resemble 
syringes  or  piston  pumps. 

The  whale  spouts  water  with  a  bellows  pump,  and  in  streams  compared 
with  which  the  jet  from  one  of  our  fire-engines  is  child's  play.  His  blow- 
ing apparatus  consists  of  two  large  membranous  sacs;  elastic  and  capable 
of  being  collapsed  with  ^rcat  force.  They  are  connected  with  two  oony 
canals  or  tubes  whose  orifices  are  closed  by  a  valve  in  the  form  of  two 
semicircles,  similar  to  those  known  to  pump  makers  as  butterfly  valves. 
When  the  animal  spouts,  he  forcibly  compresses  the  bags,  already  fiUed 
with  water,  and  sends  forth  volumes  of  it  to  the  height  of  40  or  50  feet 
The  roaring  noise  that  accompanies  this  ejection  of  the  liquid  is  heard  at  a 
considerable  distance,  and  is  one  of  the  means  by  which  whalers,  in  foggy 
weather,  are  directed  to  their  prey.  The  proooscis  of  the  elephant  is 
sometimes  used  as  a  hose  pipe,  through  which  he  plays  a  stream  m  every 
direction  by  the  pump  in  his  chest.  Numerous  insects  that  live  in  water 
move  their  bodies  by  the  reaction  of  that  liquid  on  streams  they  eject  frocs 
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their  bodies :  oysters  and  some  other  shell  fish  move  in  this  manner.  My- 
riads of  marine  animals  also  ascend  and  descend  in  their  native  element  I)y 
means  of  forcing  pumps :  when  aljout  to  dive,  tliey  admit  water  into  cci^ 
tain  receptacles,  and  vn  such  quantities  as  to  render  their  bodies  speci 
fically  heavier  than  the  fluid  they  float  in ;  and  when  they  wish  to  ascend, 
they  pump  out  the  water  which  carried  them  down. 

That  expert  gunner,  the  jaculator  fish,  shoots  his  prey  with  pellets  or 
globules  of  water  as  from  a  piston  pump.  When  an  insect  hovers  near  or 
rests  on  some  aquatic  plant  within  five  or  six  feet  of  him.  he  shoots  from 
his  tubular  snout  a  drop  of  water,  arid  with  so  "  .^ure  an  aim  as  generally 
CO  lay  it  dead."  The  habit  of  ejecting  saliva,  which  some  persons  ac- 
quire, is  by  making  a  pump  of  the  mouth  and  a  piston  oi  the  tongue. 
Cither  animals  practice  the  same ;  thus  the  llama  of  Chili  and  Peru,  when 
irritated,  "  ejects  its  saliva  to  a  considerable  distance" — Frezier  says  ten 
paces,  or  thirty  fc3t.  The  spurting  snake  of  Southern  Africa,  it  is  said, 
ejects  its  poison  into  the  eyes  of  those  who  attack  it  with  unerring  aim. 
The  tongue  of  the  lamprey  moves  backwards  and  forwards  like  a  piston, 
and  produces  diat  suction  which  distinguishes  tliis  animal  and  others  of  the 
same  family.  The  sting  of  some  insects,  that  of  the  bee.,  for  example,  is 
a  very  complex  apparatus,  consisting  of  a  lancet  with  its  sheath,  to  pene- 
trate the  bodies  of  their  enemies ;  first  acting  as  a  trocar  and  canular,  and 
then  as  a  pump  to  force  poison  into  the  wound — "  an  aw'i  to  bore  a  hole, 
[says  Paley,]  and  a  syringe  to  inject  the  fluid." 

It  perhaps  may  be  supposed  from  the  Jbrm  of  common  pumps,  that 
there  is  little  resemblance  between  them  and  these  natural  machines,  but 
it  should  be  remembered  that  this  form  is  purely  ar>*'*xary.  (they  are,  as 
we  have  already  seen,  sometimes  made  of  flexible  materials,  ar.d  alter- 
nately dilated  and  collapsed  like  the  chests  of  animals.)  The  general 
custom  of  making  them  of  hollow  cylinders  and  of  inflexible  materials, 
arose  from  experience  having  proved  that  when  thus  made,  they  are  more 
durable  and  less  liable  to  derangement  than  any  others  that  have  yet  been 
devised. 

The  circulation  of  the  blood  in  man  and  other  animals  is  eflTected  by 
apparatus  strikingly  analogous  to  sucking  and  forcing  bellows  pumps.  The 
liean  is  one  of  these — the  arteries  are  its  forcing,  the  /3ins  its  suction 
[*ipes,  and  both  pump  and  pipes  are  furnished  with  the  most  perfect 
valves.  By  contraction,  this  wonderful  machine  forces  the  blood  through 
ihe  former  to  the  uttermost  parts  of  the  system  ;  and  by  distension,  draws 
.t  back  through  the  latter.*  They  vary  m  dimensions  as  in  construction. 
Some  are  adapted  to  the  bodies  of  animals  so  minute  as  to  be  impercep- 
tible to  unaided  vision,  and  from  tliese  to  otliers  of  every  size  up  to  the 
iiuge  leviatlian  of  the  deep.  The  aorta  of  the  whale,  says  Paley,  "  is 
larger  in  the  bore  than  the  main  pipe  of  the  water-works  at  JiOndon 
bridge ;  and  tlie  water  roaring  in  its  passage  through  that  pipe,  is  inferior 
111  impetus  and  velocity  to  the  blood  rushing  from  uie  whale's  heart." 

Every  human  being  may  be  considered  as,  nay  is,  f .  living  pump.  His 
1/ody  is  wholly  made  up  of  it,  of  the  tubes  belonging  ':o  it,  and  tlie  liquid 
n;oved  by  it — with  such  additions  as  are  required  to  communicate  the  ne- 
cessary motion  and  protect  it  from  injury.  Health,  life  itself,  every  thing, 
depends  upon  keeping  it  in  order.  If  one  of  its  forcing  pipes,  (an  artery,) 
bo  severeci,  we  bleed  to  death ;  are  any  of  its  sucking  tubes  (the  veins) 


*  In  the  6tli  vol.  of  Machines  approved  by  the  French  Academv.  is  the  description  of 
a  b«Wiows  pump,  made  in  imitation  of  the  heart,  by  M.  Bedant,  who  named  the  working 
p.-irt  of  it  "  La  Cmur"  the  heart — of  which  it  was  a  rude  resemblance. 

33 


£58  Advanfnges  of  Studying  the  Mechanism  ofAmmah.    [T3ook  III 

choked,  the  parts  around  them  become  diseased,  like  sterile  land  for  wan« 
of  nourishment ;  does  the  pump  itself  stop  working,  we  instantly  die.  The 
regularity  and  irregularity  of  its  motions  are  indicated  by  the  pulse,  which 
has  always  been  adopted  as  the  unerring  criterion  of  health  and  disease, 
or  as  an  engineer  would  say,  the  number  of  its  strokes  per  minute,  is  the 
proof  of  its  state  whether  in  good  or  bad  working  order.  The  pulse  not 
only  indicates  incidenud  disorders  in  this  hydraulic  machine,  but  is  a  crite- 
rion of  its  age,  as  well  as  of  its  constant  condition :  the  movements  are 
strong  and  uniform  in  yauth,  feeble  and  uncertain  in  sickness  and  age,  and 
as  the  machine  w^ears  out  and  the  period  of  its  labor  approaches,  its  strokes 
at  last  cease  and  its  vibrations  SLre  then  silent  for  ever. 

What  mechanic  can  contemplate  this  surprising  machine  without  being 
electrified  with  aston..sh]Qent  that  it  should  last  so  long  as  it  does  in  some 
people  !  Formed  of  materikls  so  easily  injured,  and  connected  with  tubes 
of  the  most  delicate  texture,  whose  ramifications  are  too  complex  to  be 
traced,  their  numbers  too  great  to  be  counted,  and  many  of  tliem  too  mi- 
nute to  be  perceived,  and  the  orifices  of  ail  furnished  with  elaborate  valves ; 
that  such  complicated  machinery  should  continue  incessantly  in  motion, 
sixty,  eighty,  and  a  hundred  years,  not  only  without  our  aid,  but  in  spite 
of  obstructions  that  are  daily  thrown  in  its  way,  is  as  inexplicable  and  mys- 
terious as  the  power  tjiat  impels  it. 

Few  classes  of  men  are  more  interested  in  studying  natural  history,  and 
particularly  the  structure,  habits,  and  movements  of  animals,  than  mechan- 
ics ;  and  none  can  reap  a  richer  reward  for  the  time  and  labor  expended 
upon  it.  It  Dreeents  to  the  studious  inquirer  sources  of  mechanical  com- 
binations and  movements  so  varied,  so  perfect,  so  novel,  and  such  as  are 
adapted  to  every  possible  contingency,  as  to  excite  emotions  of  sur]>rise 
that  they  should  Have  been  so  long  neglected.  There  is  nc^  doubt  tliat 
several  modern  discoveries  in  pneumatics,  hydraulics,  hydrostatics,  optics, 
mechanics,  and  even  of  chemistry,  might  have  been  anticipated  by  tlie 
Ltudy  of  this  deoartmeni  of  science.  Of  this  truth  examples  might  be  ad- 
ducod  from  every  art,  and  from  every  branch  of  engineering :  the  flexible 
water-mains  (comp)scd  of  iron  tubes  united  by  a  specips  of  ball  and  socket 
joint)  by  which  Wi.<t  conveyed  fresh  water  under  the  river  Clyde  were 
suggested  by  the  mechanism  of  a  lobster's  tail — the  process  of  tunneling 
by  which  Brunei  has  fonned  a  passage  under  the  Thames  occurred  to  him 
by  witnessing  the  operations  of  the  Teredo,  a  testaceous  wonn  covered 
with  a  cylintlrical  shel\  which  eats  its  way  through  the  hardest  wood — 
ijid  Smeaton,  in  seeking  the  form  best  adapted  to  impart  stability  to  the 
(ight-house  on  the  Eddystone  rocks,  imitated  the  contour  of  the  bole  of  a 
tree,  Tlie  fishermen's  boats  of  Europe,  adapted  to  enJui-e  the  roughest 
weather,  are  the  very  mod^l  of  those  formed  for  her  progeny  by  the  fe 
male  gnat ;  "  elevated  and  narrow  at  each  end,  and  broad  and  depressed 
et  the  middle" — the  beaver  when  building  a  dam — but  it  is  vain  to  quota 
examples    with  whica  volumes  might  be  filled. 
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Foreittf  Painp*  with  tolid  pistoDs:  Th«  Syrinfe:  Its  tuea,  material*  and  antiquity— Employed  by  the 
Hiodooa  tn  relig^ious  festival*— Figured  on  an  old  eoatofarma— Simple  Garden  Pump— Single  ralve  Fore- 
taig-pamp— Comnion  Forcing-pump— Stomach  punp— Forcing-pump  with  air-veasel — ^Machine  of 
Cieaibiua:  Ita  deaeription  by  Vitruriu — Renmrkaon  ita  origin — ^Errors  of  the  ancienta  respecting  the 
authors  cf  aeveral  inrentiona— Claims  of  Clesibius  to  the  pump  limited — ^Air  yeaael  probably  invented  by 
him— Compi  eased  ur  a  prominent  feature  in  all  his  inventiona— Air  veasela  In  Heron's  fountain— Ap 
imrsntly  referred  to  by  Pliny— Air  gun  of  Clesibius- The  Hookah. 

T  IE  earliest  machine  consisting  of  a  cylinder  and  piston  that  was  ex- 
pressly designed  to  force  liquids  was  probably  the  syringe^  an  instrument 
of  vc.y  high  antiquity :  see  its  figure  in  the  foreground  of  the  next  illustra- 
tion. To  the  closed  end  a  short  conical  pipe  is  attached  whose  dimensions 
are  adapted  to  the  particular  purpose  for  which  the  instrument  is  to  be 
used.  The  piston  is  solid  and  covered  with  a  piece  of  soft  leather,  hemp, 
woollen  listing,  or  any  similar  substance  that  readily  imbibes  moisture,  m 
order  to  prevent  air  or  water  from  passing  bet^^een  it  and  the  sides  of  the 
cylinder.  WTien  the  end  of  the  pipe  is  placed  in  a  liquid  and  the  piston 
drawn  back,  the  atmosphere  drives  the  liquid  into  the  cylinder;  whence  it 
ifi  expelled  through  the  same  :  rlfice  by  pushing  the  piston  down  :  in  the 
former  case  the  syringe  acts  «£  a  sucking  pump  ;  in  the  latter  as  a  forcing 
one.  They  are  chiefly  employed  in  surgical  operations,  for  which  they 
are  made  of  various  dimensions — from  the  size  of  a  quart  bottle  to  that  ot 
a  quill.  They  are  formed  of  silver,  brass,  pewter,  glass,  and  sometimes 
of  wood.  For  some  purposes  the  small  pipe  is  dispensed  with,  the  end 
of  the  cylinder  being  closed  by  a  perforated  plate,  as  in  those  instruments 
with  which  gardeners  syringe  their  plants. 

It  has  be^n  said  that  the  syringe  was  invented  by  Ctesibius,  being  the- 
result  of  his  first  essays  in  devising  or  improving  the  pump ;  but  such 
could  not  have  been  its  origin,  since  it  is  mentioned  by  philosophers  whn 
flourished  centuries  before  him.  It  was  known  to  Theophrastus,  Anaxa- 
goras,  Democritus,  Leucippus,  Aristotle,  and  their  pupils :  to  the  rushing 
of  water  into  it  when  the  piston  was  drawn  up,  these  philosophers  ap- 
pealed to  illustrate  their  opposite  views  respecting  the  cause  of  the  liquid's 
ascent,  some  contending  that  it  proved  the  existence  of  a  vacuum,  others 
that  it  did  not.  To  this  ancient  application  of  the  syringe,  most  of  the 
early  writers  on  atmospheric  pressure  allude.^  "  It  is  pretty  strange  [ob- 
serves Desaguliers]  that  the  ancients,  who  were  no  strangers  to  the  nature 
of  winds,  and  knew  a  great  deal  of  their  force,  were  yet  entirely  ignorant 
of  the  weight  and  perpendicular  pressure  of  the  air.  This  is  evident,  be- 
cause they  attribute  the  cause  of  water  rising  up  in  pumps,  or  any  liquors 
being  drawn  up  into  syringes  (commonly  called  syphoits  on  that  account, 
while  pumps  were  caird  sucking-pumps)  to  nature's  abhorrence  of  a  va- 
cuum ;  saymg,  that  it  fill'd  up  with  water  the  pipes  of  pumps  under  the 
moving  bucket  or  piston,  rather  than  suffer  any  empty  space.  The  syringe 
M'as  in  use,  and  this  notion  concerning  its  suction  obtain'd  long  before 
Ctesibius,  the  son  of  a  barber  at  Alexandria,  invented  the  pump."*^ 

•  Sec  RohaiiltV  I^IIouophy  with  Claike's  Notc§.  Lon.  1723;  vol.  i,  172.  Switzer'f 
HydronUticfl,  rrsface  and  172.  Chambe-r'  Diet  Articles  Syringe,  EinboJua,  Vaciitmi. 
*  Ex.  Philofc  vol.  'i  '>49 
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Tliere  U  reason  to  believe  ihat  the  syringe  was  employed  by  the  Egyp- 
tians in  the  process  of  embalming.  In  various  translations  of  tha  account 
given  by  HerodoCua  {Euterpe,  S7)  it  is  expressly  named:  "They  fill  ■ 
syringe  with  germe  of  cedar  wood  and  inject  IL"'  Dr,  Rees,  in  hia  edi- 
tion of  Chambers'  Dictionary,  (Art,  Embalming,)  uses  the  terms  "  ini'using 
by  a  syringe,"  and  "  syringing  a  liquid,"  &c.  The  least  expensive  mode 
of  embalmmg  was  "  infusing  by  a  syringe  a.  certain  liquid  extracted  from 
the  cedar."^  Beloe,  in  his  translation,  does  not  indicate  the  instrumeni 
used — they  "  inject  an  unguent  made  from  the  cedar."  As  clysters  origi- 
nated in  Egypt,  and  were  used  monthly  by  the  inhabitants  as  a  preserva- 
tive of  healm,  (Herod,  ii,  77,)  we  are  most  probably  indtbtud  to  tlie  people 
of  that  country  for  the  syringe.  Had  it  been  a  Grecian  or  Roman  iiivgn- 
lion,  the  name  of  its  author  would  have  been  known,  for  from  its  utility  and 
application  to  various  useful  purposes,  an  account  of  the  circumstances 
cotmected  with  its  origin  was  as  worthy  of  preservation,  as  those  relating 
to  the  pump  or  any  other  machine.  Suetonius  uses  the  term  "clyster"  to 
denote  the  instrument  by  which  it  was  administered  j  and  Celsus  by  it, 
refers  to  "a  little  pipe  or  squirt."  (Ainsworth.)  Hippocrates  and  the  elder 
Pliny  frequently  mention  clysters,  but  wiinout  duscribing  distinctly  ibe 
instrument  employed  :  the  latter  m  his  30th  book,  cap.  7,  seemj  to  refer 
to  the  comnion  pewter  syringe,  '  an  iiulrunumt  or  pipe  of  tin:"  this  is  at 
least  probable,  for  pewler,  according  to  Whitlaker,  was  borrowed  from  (he 
Romans.  It  is  well  ascertained  tiiat  pewierers  were  among  the  earliest 
workers  of  metal  in  England.  A  company  of  them  was  incorpoi^ted  in 
1474  ;  but  at  what  time  the  syi'inge  becar>e  a  staple  article  of  their  Torn- 


No.  IIS.    SyiinfEj  uHil  bjr  Hiadiibi  in  colotHii-Ti  font  nligiou  htand. 

Had  the  syringe  not  been  mentioned  by  ancient  authors,  iu  antiquity 
might  be  inferred  from  a  particular  emi  btyraent  of  it  by  the  Hindoos.  I'hn 
arts,  manners  and  customs  of  these  people  have  remained  unchanged  from 
very  remote  times ;  and  such  is  their  predilection  for  .^le  reltsious  insu- 
tutiona  of  their  ancestors,  that  nothing  has,  and  apparent.y  r 

duce  them  to  admit  of  the  slightest  cbange  ir  ''—   ■■ 

to  the  worship  of  their  deities  :   hence  the  si 

•Qiinied  in  O^ilby's  ATrka.    Lou.  1670,  p.  SI.    "  Hirtortcal  D««?ripiiao  of  F.fn» 
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and  by  means  of  the  same  kind  of  instrunienls  as  when  Alexander  oi 
even  Bacchus  invaded  India.  In  some  of  their  religious  festivals  tlie 
syringe  is  made  to  perform  a  prominent  part ;  for  a  red  powder  is  mixed 
with  water,  with  which  die  worshipers  "  drench  one  another  by  means 
of  a  species  of  squirt ;  to  represent  Parasou  Rarna,  or  some  other  hero 
returning  from  battle  covered  with  bluod."  Some  writers  suppose  the 
ceremony  is  designed  to  celebrate  "  the  orgies  of  Krishna  with  his  mis- 
tresses and  companions."  No.  115  represents  a  rajah  and  some  of  his 
wives  engaged  m  this  singular  species  of  religious  worship  and  connubial 
exercise,  m  honor  of  Krishna.  The  instruments  are  clearly  garden  syringes, 
and  probably  of  the  same  kind  as  are  mentioned  by  Heron  of  Alexandria, 
as  used  in  his  time  for  sprinkling  and  dispersing  water. 

The  Holdee  is  another  Hindoo  festival  which  resembles  in  some  mea 
sure  the  Saturnalia  of  the  Romans.  It  is  c/oserved  through  all  Hindostan, 
and  in  celebrating  it,  the  syringe  is  put  in  requisition.  Mr.  Brougiiton, 
who,  with  some  other  Europeans,  visited  a  Mahratta  rajah  tc  witness  the 
ceremony,  observes — "  A  few  minutes  after  we  had  taken  our  seats,  large 
brass  trays  filled  with  abeer,  and  the  Uttle  balls  already  described  were 
brought  in  and  placed  before  the  company,  together  with  a  yellow-colourpd 
water,  and  a  large  silver  squirt  for  each  individual.  The  Muha  Raj  him  • 
self  began  the  amusements  of  the  day,  by  sprinkling  a  little  red  and  yellow 
water  upon  us  from  the  goolabdans,  small  silver  vessels  kept  for  tlie  pur- 
pose of  sprinkling  rose-water  at  visits  of  ceremony.  Every  one  then 
began  to  throw  about  the  abeer,  and  to  squift  at  his  neighbour  as  he  pleas- 
ed." (Shoberl's  Hind.  vol.  ii,  241,  and  vol.  vi,  14.)  A  somewhat  similar 
custom  prevails  in  Pegu.  At  the  Jeasi  of  waters,  the  king,  nobles,  and 
all  the  people  sport  themselves  by  throwing  water  upon  one  another ;  and 
"  it  is  impossible  to  pass  the  streets  without  being  soundly  wet."  (Oving- 
ton's  Voyage  to  Surat  in  the  year  1689.     Lon.  1696  :  page  597.) 

The  syringe  in  front  of  No.  115,  is  copied  frorri  Rivius*  German"  Trans- 
lation of  Vitruvius,  A.  D.  1548.  It  is  from  a  view  of  the  barber's  shop 
belonging  to  the  father  of  Ctcsibius.  (See  pp.  121  and  122  of  this  volume.) 
Across  the  shop  is  a  partition,  behind  which  the  young  philosopher  is  seen 
intently  perusing  a  book,  and  on  the  floor  around  him  are  a  flute,  a  syiinge, 
a  pair  oi  bellows,  bagpipes,  &c. ;  while  in  front,  the  old  gentleman  in  the 
European  costume  of  the  16th  century,  and  with  a  sword  at  his  side  !  is 
•ctive.y  engaged  in  purifying  the  head  and  face  of  a  customer. 

In  the  third  volume  of  a  Collection  of ''Emblems,  Human  and  Divine" 
in  Latin :  Prague,  1601,  page  76,  a  pair  of  bellows,  a  sifnnge,  and  a  flying 
eolipik  are  represented  as  forming  tiie  device  of  some  old  Italian  family, 
with  the  singular  motto,  "  Todo  est  vienf^f,** 

Few  ancient  devices  could  be  pointed  out  that  have  given  rise  to  more 
important  improvements  in  the  arts  than  the  primitive  syringe.  Its  modi- 
fications exert  an  extensive  and  beneficial  influence  in  society.  As  a  pis- 
ton bellows  it  is  still  extensively  used  in  oriental  smitheries — and  as  the 
same,  it  contributed  to  one  of  the  most  refined  pleasures  of  the  ancients,  by 
supplying  wind  to  their  organs  It  may  be  considered  as  tlie  immediate 
parent  of  the  forcing  if  not  of  the  atmospheric  pump — in  both  of  which 
It  has  greatly  increased  the  comforts  and  conveuencies  of  civilized  life : 
in  tlie  fire-engine  it  protects  both  our  lives  and  our  property  from  the 
most  destructive  of  the  elements  ;  and  in  the  hands  of  the  surgeon  and 
physician  it  extends  the  duration  of  life  by  removing  disease.  The  mo- 
dern philosophical  apparatus  for  exhausting  air,  and  the  ancient  one  for 
condensing  it;  the  mammoth  blowing  machines  in  our  foundurios,  and 
the-steam  engine  itself,  are  all  modifications  of  the  s^*  ringe. 
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A  forcing  pump  differs  but  little  from  a  syringe :  the  latter  receives  and 
expels  a  liquid  through  the  same  passage,  but  the  former  has  a  separate 
pipe  for  its  discharge,  and  both  the  receiving  and  discharging  orifices  are 
covered  with  valves.  By  this  arrangement  it  is  not  necessai-y  to  remove 
a  pump  from  the  liquid  to  transfer  the  contents  of  its  cylinder,  as  is  done 
with  the  syringe,  but  the  operation  of  forcing  up  water  may  be  continuous 
while  the  instrument  is  immove;il>le.  A  forcing  pump,  therefore,  is  merely 
a  syringe  furnished  with  an  induction  and  eduction  valve — one  through 
wliich  water  enters  the  cylinder,  the  other  by  which  it  esca]>es  from  it. 
Of  the  process  or  reasoning  which  led  to  the  application  of  valves  to  tlie 
syringe,  history  is  silent ;  but  as  has  been  remarked  in  a  previous  chap- 
ter, their  employment  in  bellows  or  air  forcing  machines,  probably  opened 
the  way  to  their  introduction  into  water  forcing  ones.  The  ordinary  bel- 
lows has  but  one  valvp.  and  the  simplest  and  most  ancient  forcing  pumps 
bavft  no  more.  One  of  these  is  shown  U  No.  116.    It  represents  a  syringe 

having  the  orifice  at  the  bottom  of 
the  cylinder  covered  by  a  vaJve 
or  clack,  opening  upwards  (  and 
a  discharging  pipe  connected  to 
tlie  cylinder  a  little  above  iti  when 
placed  in  water  the  orifice  of  tliis 
pipe  is  closed  with  the  finger,  and 
the  piston  being  then  drawn  up, 
the  clinder  becomes  charged,  and 
when  uie  piston  is  pushed  down 
the  valve  closes  and  the  liquid  is 
forced  through  the  pipe.  In  th's 
machine  the  finger  performs  the 
part  of  a  valve  by  preventing  au 
from  entering  the  cvlinder  when 
the  piston  is  being  raised.  Such 
pumps  made  of  tin  plate  were  for- 
merly common,  and  wertj  used  to 
wash  wirdcws,  syringe  plants  anl 
garden  trees,  ^c.  The  figjre  is 
from  plate  57  of  **  T/Bxploiter  des 
Mines/*  in  Arts  et  Metiers,  and  is  described  (page  ••  584)  as  a  Dutch 
pump,  "  pour  envoyer  commodement  de  Teau  dans  les  differents  quartiei-s 
de  Tattelier." 

No.  1 17  is  anotlier  single-valve  forcing  pump  from  the  second  volume 
of  a  Latin  treatise  on  Natural  Philosophy,  by  P.  P.  Steinmeyeh-,  Friburgh, 
1767.  It  is  secured  in  a  cistern,  the  surface  of  the  water  in  which  is  al- 
ways kept  above  the  small  openings  made  through  the  upper  part ;  so 
th.u  when  the  piston  is  drawi.  up,  as  in  the  figure,  the  liquid  flows  in  a.nj 
fills  it ;  and  on  th^  descent  of  the  piston  the  water  is  forced  up  tlie  as- 
cending pipe,  the  valve  preventing  its  return.  This  is  a  very  simple 
and  emcient  forcing  pump  ;  and  having  no  induction  v<Jve  and  the  piston 
being  always  under  water,  it  is  not  ve'-y  liable  to  derangement.  It  has, 
however,  its  defects  ;  for  in  elevating  tne  piston  the  whole  weight  of  the 
atmosphere  above  it  has  to  be  ove.xome,  a  disadvantage  that  in  large  ma- 
chines would  not  be  compensated  by  the  saving  of  a  valve.  As  the  piston 
has  to  pass  the  holes  in  the  upper  part  of  the  cylinder,  its  packing  would 
be  injured  if  their  inner  edges  were  not  rounded  off.  This  pump  has  been 
erroneously  attributed  to  a  modern  European  engineer  :  see  the  London 
Register  of  Aits,  v,  154,  and  Journal  of  the  Franklin  Institute,  viii,  379 
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tv. 


The  ordinary  forr.ing'  pump  has  iwo  valves,  aa  in 
nrhicb  reprepcnts  it  as  generally  made.     The  cylinder  is  placed  above  the 
suriiiee  of  the  w:  :er  to  be  raised,  and  consequently  is  charged  by  the  pros- 
sure  or  the  s,'jiio»Iihere  j  the   machine,  therefore,  is  a  compound  one,  dif- 
fering from  that  last  described,  which 
is  purely  a  forcing  pump,  ihe  water  en-  . 
teiing   Its   oyl.nder    by   gravity  alone. 
The   aclion  of  the  machine  now  unjer 
consideration  is   similar  to  thai  of  the 
syringe  J  when  the  piston  is  riised  the 
air  in  the  pipe  below  the  cylin  rier  rushes 
through   the  valve  and   is   expelled  on 
the  descent  of  the   piston  through  tiie 
other   valve   in   the   ascending  or   dii- 
;   and  on  a   repetition  o( 

the  suction  pipe,  enters  "the  cylinder, 
and  is  expelled  in  the  like  manner. 
Pumps  of  this  kind  are  aome'imes  placed 
in  the  yards  of  dwelHng  houses,  the 
suction  pipe  extending  into  a  well,  and 
the  ascending  one  to  a  cistern  in  the 
upper  parts  of  the  building.  In  tliese 
cases  a  cock  is  generally  inserted  n  lit- 
tle above  the  valve  in  the  ascending 
No.  118.  Common  Forciiif  Tamp.  pipe  to  supply  Water  if  required  in  the 

vicinity  of  the  pump. 
The  beautiful  instrument  used  of  late  years  to  transfer  liquids  into  and 
fiom  the  human  stomach  is  a  modification  of  the  above  machine.  It  cannot 
with  propriety  be  named  a  svrinee,  f<)r  as  it  is  furnished  witk  valves,  it  is, 
in  every  respect,  a  pump.  Havmg  been  employed  with  much  success  in 
withdrawing  poison  from  the  stomach,  it  is  now  justly  classe  1  urr.on  j  the 
essential  apparatus  of  the  surguo.i.  Its  origin  and  history  cj--:  detailed  in 
a  pamphlet  published  by  its  inventor,  Mr,  John  Read,  of  England,  who 
devised  it  in  1819,  and  in  the  following  year  obtained  a  patent  for  it  under 
the  name  of  a  "Stomach  and  Enema  Pump."  After  visiting  London 
twice  in  vain  for  the  purpose  of  procuring  suitable  tubes,  be  tried  to  get 
(ome  made  in  the  country,  but  failed.  On  a  third  visit  tc  the  metropolis 
he  obtained  an  indillerent  one  which  he  thouc;!:'.  might  F.nswer,  and  ai^r 
adapting  it  to  a  pump,  "  I  then  [he  cbserves]  presented  it  to  Sir  Astley 
Cooper,  who  asked  me  for  what  purpose  it  was  intended  :  I  told  him  it 
w^s  intended  for  the  removal  of  fiuid  pouions  from  the  iiuman  stomach  ; 
after  a  few  minutes  inspection  of  the  instrument,  Sir  A.  made  the  follow- 
(Dg  reply  : — '  alwut  three  weeks  ago  I  was  called  to  attend  a  young  lady 
about  10  o'clock  in  tl.e  morning  who  had  tiken  opium ;  I  gave  her  sul- 
phate of  copper,  sulphate  of  zinc  and  other  Uiirgs  r  1  sat  by  her  until 
eight  in  the  evening,  when  she  died  !  If  I  had  be<.>n  >n  possession  of  tliis 
instrument  at  the  time,  I  could  have  relieved  lier  in  five  minutes,  and  have 
■aved  her  lite.'  After  many  questions  how  I  came  to  think  of  such  a 
thing,  which  1  satisfactorily  explained,  he  said  '  what  can  I  do  for  you  1' 
my  answer  was — the  publicity  of  your  opinion  is  all  I  wish  :  he  replied, 
'  tliat  you  shall  soon  have  ;'  and  he  ordered  me  to  meet  him  the  next  dav 
at  Guy's  Hospital  at  one  o'clock,  when  he  proposed  to  try  an  experijiieui 
on  a  dog ;  but  as  no  dog  could  be  procured,  [that  day,]  Sir  Astley  pn- 
(>osed  Friday  at  the  same  hour ;  when  I  attendnd  as  before,  and  a  du^ 
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was  then  readv  for  the  oxpi-riment  In  the  oporaiing  theatre,  which  wai 
crowded  to  excels.  The  uos  was  brought  to  Sir  A.  who  gave  him  four 
drachms  of  opium  dissolved  in  water.  The  dog'a  pulse  wus  first  at  120; 
in  aeven  minutes  it  fell  to  110,  and  from  that  to  90.  The  poison  was  suf- 
fered to  remain  in  the  dog''s  siomach  33  minutes  till  he  npoe^.-pd  to  be 
dead,  and  I  was  (lo.;blful  it  would  be  die  case  bel'ore  S':v  ft.  wojid  let  me 
use  the  pump.  I  must  confess  1  was  very  impatient  to  be  at  wcrk  on  the 
dog  with  my  instrument  in  hand  ready  for  action.  Sir  A.  kept  h^ linger 
on  tlie  dog's  pulse,  then  at  90,  and  said  very  deli  be  rat  ely, '  I  think  it  will 
do  now,  aa  it  is  33  minutes  since  I  gave  him  the  dose.'  A  tiiisin  of  wjirm 
water  being  then  brought,  Sir  A.  passed  the  tube  I  had  provided  inio  th« 
dog's  stomach  :  1  immediately  pumped  the  whole  contents  of  the  basin 
[the  warm  water]  into  the  stomach,  and  aa  i]uickly  repumped  the  whole 
from  the  stomach,  containing  the  laudanum,  back  aguin  into  the  busiii.  'Sir 
A.  observed,  while  I  was  emptying  the  dog's  stomach,  the  laudanum  swim- 
ming on  the  surface,  and  said  '  It  iciU  do  ;'  a  second  basin  of  water  was 
then  injpcied  and  withdrawn  by  the  pump  as  before  ;  I  asked  for  a  lliird, 
but  Sir  Astley  said  it  was  unnecessary,  aa  the  laudanum  had  all  tieen  re- 
turned in  tt)e  Hrst  basin."  In  half  an  hour  the  animal  was  completely  re* 
vived  and  ru^ning  about  the  theatre. 

It  may  bo  nf  use  to  state,  that  the  quickest  and  easiest  mode  of  employ- 
ing a  stomacn  pump  (according  to  the  inventor)  ia  to  use  it  only  as  a.fort:- 
ing  pumji — that  is  to  inject  warm  water  or  other  dilutents  into  the  stomach 
until  that  organ  becoming  surchai^d,  the  fluid  regiirgilatcs  by  the  mouth  j 
ill  other  words  to  fill  the  stomach  to  overflowLng — ihe  li<)uid  passing  down 
the  tube  and  rising  through  the  (esophagus  by  the  aide  of  it ;  the  opera- 
liiin  being  continued  till  the  fluid  retunia  unchang'id.  In  ti:  absence  of 
K  pump,  a  tunnel  or  other  vessel  attached  to  a  flexible  tube  might  answer. 


stomach  pumps,  arising  from  the  dif- 
ferent modca  of  constructing  and  arranging  the  valves,  so  as  either  to  in- 
ject Or  withdraw  liquids  through  the  same  tube  without  shifting  the  appa- 
ratus. No.  119  represents  one  that  ia  described  in  the  Journal  of  the 
Franklin  Institute,  (vol.  xiii,  S23.)  It  consiats  of  an  ordinary  syringe 
•crewed  to  a  cyliairica!  valve  box  which  contains  two  egg-shapea  cavi- 
ties. In  each  cavity  is  a  small  and  loose  spherical  valve  that  fits  either  of 
the  orifices.  Two  fiaxible  tubes  are  attached  to  each  cavity  aa  represented. 
Suppose  the  upper  lube  inserted  into  a  person's  stomach  and  the  lower 
one  mto  a  basin  of  warm  water ;  if  the  eyringe  were  then  worked,  the 
liquid  would  be  forced  into  the  stomach  and  the  poison  diluted  :  then  by 
turning  the  instrument  in  the  hand  so  as  to  bring  the  upper  lube  down, 
(without  withdrawing  the  one  in  the  stomach,}  the  valves  would  drop  upon 
the  othi!r  orific<'s  in  each  cavity,  and  the  syringe  would  raise  the  content! 
of  the  stomach  into  the  basin,  as  represented  in  the  figure. 
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We  have  no  idea  that  the  inventor  of  the  Btomach  pump  wa«  indebted 
to  Htidibrat  for  the  hbt,  yci  that  old  warrior  seems  not  only  to  have  been 
a  proper  subject  for  its  occasional  application,  but  he  app<?u.ra  to  have  had 
some  notions  that  might  erentually  have  led  to  it.  Those  readers  who 
are  familiar  with  Butler's  account  of  him  will  remember  thai  when  he  was 
insulted  by  Talgol  the  butcher,  the  knight,  as  he  justly  might, 

"graw  high  in  wroth. 

And  liAinf  hauda  and  eyn  up  bolh. 
Three  times  he  urtiole  od  itomach  xliiiil 
Frain  whence  bi  \a»\  Iheae  words  broke  out : 


Nor  all  ihat  farce  thai  makes  thee  proud, 
BecHu^e  by  bullack«  ne  er  nithatood, 
Shall  iBve.  or  help  thee  lo  ernde 
The  hand  orjiialice.  or  this  bliide. 
Nor  ihall  ihote  words  uf  veuom  base, 
Which  Iho't  hn«l  I'roni  their  unlive  place 
Tky  ttTijuidt,  pump'd  to  UinK  on  ine 

Thou  down  ihn  same  throat  shall  devour  'em. 

Like  tUiDUd  beef,  and  paj  dear  lor  'em." — Caula  ii.  Part  1. 

It  was  a  common  practice  with  the  ancient  Roman  epicures  to  empiy  the 
■tORiach  by  aji  emetic  iefore  dinner.  Had  the  application  of  the  pump 
for  such  a  purpose  been  then  Itnowc,  it  would  of  course  bavo  been  pre- 
ferred as  llie  more  agreeable  and  certain  device  of  the  two.  But  if  the 
ancients  had  no  a^paratus  for  withdrawing  the  contents  of  the  stomach, 
they  were  not  desiit'zle  of  means  for  conveying  nauseous  or  corroding 
liquids  into  it.  Pii.ny,  in  his  Kat.  Hist,  xxx,  6.  says  such  medicines  wero 
swallowed  "  thrcugh  a  pipe  or  tunnel"  inserted  mto  the  mouth  for  that 
purpose. 

The  pump  figured  atNo.llB  ejects  water  as  a  syringe  and  only  when  the 
piston  is  forced  down^  but  by  the  addition  of  what  is  called  ttn  air-veMel,  the 
stream  from  the  discharg- 
ing pipe  may  be  made  con- 
tinuous :  this  vessel  is  clos- 
ed at  its  upper  part,  and 
open  at  bottom,  where  it  is 
connected  by  screws  to  the 
forcing  pipe  directly  over 
the  valve,  oa  represented  in 
the  annexed  illustratJon.  A 
discharging  pipe  may  tlwn 
be  co-jineciej  to  the  lower 
part  of  t'pe  vessel,  or  it  may 
De,  as  it  often  !a,  inserted 
through  the  top,  in  which 
cose  Its  lower  end  should 
extt-cd  nearly  t3  the  bottom. 
When  by  the  (Jescent  of  the 
piston  »/tter  is  forced  out 
((.m.   Iorci.,.'»iiip.iikAir.»M«.  ^f  jjjg  cylinder,  part  of  it 

enters  the  p>pti  and  part  rushes  past  it  and  compreues  the  air  confined  in 
the  upper  part  of  the  vessel ;  and  when  the  plsljn  is  raised  to  draw  a 
fresh  portion  into  the  cylinder,  this  air  expands  and  drives  out  the  water 
that  compressed  it  and  thus  renders  the  stream  constant.  It  will  be  pei^ 
ce!vt-d  tliat  the  uuantiiy  of  water  raised  is  not  incieased  by  this  arrange- 
34 
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ment;  it6<flow  frora  the  discharging  orifice  being  merely  rendered  uiiiform, 
or  nearly  so. 

In  the  ordinary  use  of  forcing  pumps  a  constant  instead  of  an  inters 
rupted  flow  o£  water  from  the  discharging  oriHce,  may  be  a  matter  of 
no  importance ;  but  when  those  of  large  dimensions  are  required  to  raise 
it  to  great  elevations,  air  vessels  are  not  only  valuable  but  indispensable 
adjuncts ;  for  the  elastic  fluid  within  them  forms  a  medium  for  gradually 
overcoming  the  inertia  of  the  ascending  liquid  columns,  and  thereby  pre- 
vents those  Jars  and  shocks  which  are  incident  to  all  ^non-elastic  substances 
in  rapid  motion,  when  brought  suddenly  to  a  state  of  rest.  A  column  of 
water  moving  with  great  velocity  through  a  pump,  produces,  when  in- 
stantly stopt,  a  concussion  like  that  of  a  solid  rod  of  the  same  length,  w^hen 
its  end  is  driven  against  an  unyielding  object  j  but  with  an  air-vessel,  the 
effect  is  like  that  of  the  same  rod  when  brought  in  contact  with  a  bale  of 
cotton  or  caoutchouc.  Less  force  is  required  also  to  work  pumps  that 
have  air-vessels,  because  in  them  the  column  of  water  in  the  discharging 
pipe  is  continued  in  motion  during  the  ascent  of  the  piston,  hence  it  has 
not  to  be  moved  from  a  state  of  rest  on  the  piston's  return.  When  two 
or  more  cylinders  are  connected  to  one  discharging  pipe,  one  air-vessel 
only  is  required,  as  in  fire-engines,  water-works,  &c. 

ft  is  this  kind  of  forcing  pump  that  is  generally  adopted  in  water- works 
for  the  supply  of  towns  and  cities ;  the  piston  rods  being  moved  by 
cranks  or  levers  attached  to  water  wheels :  sometimes  they  are  driven  by 
windmills,  steam-engines,  and  by  animals.  The  cylinders  are  commonly 
used  perpendicularly  as  in  the  figure,  but  they  are  sometimes  worked  in 
an  inclined  and  also  in  a  horizontal  position. 

The  celebrated  pump  of  Ctesibius  was  constructed  like  that  represented 
in  the  last  figure,  except  that  it  had  two  cylindei*s.  It  seems  to  have  been 
almost  identical  in  its  construction  with  our  fire-engines.  "It  remains  now 
[says  Vitruvius]  to  describe  the  machine  of  Ctesibius  which  raises  water 
very  high.  This  is  made  of  brass;  at  the  bottom  a  pair  of  buckets  [cylin- 
ders] are  placed  at  a  little  distance,  having  pipes  like  the  shape  of  a  fork 
annexed,  meeting  in  a  basin  in  the  middle.  At  the  upper  holes  of  the 
pipes  within  the  basin,  are  made  valves,  hinged  with  very  f  xact  joints ; 
which,  stopping  the  holes,  prevent  the  efflux  of  the  water  that  will  be 
pressed  into  the  bsisin  by  the  air.  Upon  the  basin  a  cover  like  an  inverted 
tunnel  is  fitted,  which  is  adjoined  and  fastened  to  the  basin  by  a  collar, 
riveted  through,  that  the  pressure  of  the  water  may  not  force  it  off:  and 
on  the  top  of  it,  a  pipe  called  the  tuba^  is  affixed  perpendicularly.  The 
buckets  [cylinders]  have  valves  placed  below  the  lower  mouths  of  the 
pipes,  and  fixed  over  holes  that  are  in  their  bottoms  :  then  pistons  turned 
very  smootli  and  anointed  with  oil,  being  inclosed  in  the  buckets  [cylin- 
ders] are  worked  with  bars  and  levers  from  above ;  the  repeated  modon 
of  these,  UT)  and  down,  pressing  the  air  that  is  therein  contained  with  the 
water,  the  lioles  being  shut  by  the  valves,  forces  and  extrudes  the  water 
through  the  mouths  of  the  pipes  into  the  basin ;  from  whence  rising  to  the 
cover,  the  air  presses  it  upwards  through  the  pipe ;  and  thus  from  tlie  low 
situation  of  the  reservoir,  raises  it  to  supply  the  public  fountains."  Book 
X,  cap.  12.     Newton  8  Trans. 

The  machine  as  thus  described  :3  a  proof  of  the  progress  which  *^u3  an- 
iients  had  made  in  hyJravlics  :  the  whole  appears  to  have  been  of  the 
most  durable  ma^^ria^s,  and  of  tlie  best  workmanship.  Although  the  nguree 
of  this  and  other  machines  which  Vitruvius  inserted  in  his  work  arc  lost, 
there  is  little  difficulty  in  realising  its  construction  from  the  text.    Transia 
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tors  and  commentators  hiivo  generally  agreed  in  their  views  of  ■■  aa  i 
presemej  helow,  viz :  two  ordinary  forcing  pumps  coiiiiecied  'c  an  ti 
vessel  and  one  discharging  pipe. 


No.  191.    Muliiua  oTCldiihiiw. 

T  lit  oyilndijrs  p.re  secured  in  a  frame  of  timber,  and  the  piston  rods  are 
e'luched  by  joints  to  levers,  one  end  of  wliich  are  depreased  by  cams  ^n 
:!>e  axis  of  tr>e  wheel,  h^  shown  above  and  also  at  No.  89.  Barbara  has 
t!f  jred  a  crar.k  at  the  axis  which  gives  a  reciprocating  motion  to  a  hori- 
tunla'  rJ  af;  placed  over  the  pumpa,and  projecting  pieces  from  which  iTnoart 
u.otiun  \n  the  piston  rods.  Vitruvius  informs  lis  that  when  machines  were 
■mnloyed  to  rai^e  water  from  rivers,  they  were  worked  by  undarahot 
whi^cls  iroper^d  by  the  stream,  ^nd  hence  the  pumpa  of  Ctesibius  wei-o 
believeti  t/>  bai-e  been  moved  by  the  same  means. 

But  for  Vitnivius  we  should  not  have  known  thut  forcing  pumps  con- 
stituted part  of  the  water  workc  of  aniiauity ;  and  had  he  not  remarked 
that  tliey  were  en;;!  >yed  to  supply  "  rublic  fountains,"  it  might  have  been 
supposed  that  wa*.er  never  rose  hig'ier  in  the  dwellings  of  ancient  cities 
than  that  whicb  was  drawn  directly  iom  the  &f,jediicta. 

It  would  bo  almost  unpardonable  to  pass  over  this  c^lecratcd  machine 
without  furthep  remark,  since  it  Is,  in  several  lespeu,  c;3  of  the  most 
iriturestiiig  of  all  antiijiiity.  An  account  of  its  ori^n  &id  early  history 
would  form  a  commcntai  v  on  mo»t  of  the  arts  and  sciences  of  thit  ancients, 
aiid  would,  we  believe,  furnish  evidence  of  theii  progress  in  some  of  them 
that  few  are  wiliing  to  believe.  Although  it  was  attributed  to  Ctcsibius, 
there  is  some  uncertainty  respecting  the  extent  of  his  claims.  It  may  ap- 
\».\i  irrvidiuus  to  attempt  to  rob  this  illustrious  man  of  inventions  ascribed 
to  h  n^,  but  our  \  bjecl  is  to  asceitain,  no:  to  depreciate  them  or  diminish 
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their  number.  It  has  frequently  been  remarked  that  little  dependence 
can  be  placed  on  ancient  writers  'as  regerds  the  authors  of  the  useful  ma- 
chines. Generally  those  who  introduced  them  from  abroad,  who  im- 
proved them,  increased  their  effects,  or  extended  their  application,  were 
reputed  their  inventors.  This  has  been  the  case  more  o/  lass  m  every 
part  of  the  world,  and  is  so  at  the  present  day.  The  Greeks  found  au- 
thors among  themselves  for  almost  every  machine,  although  most  of  then» 
were  certainly  derived  from  Egypt.  Thus,  the  sails  and  masts  of  ships, 
the  wedge,  auger,  axe  and  level,  w^ere  known  before  Daedalus.  The 
saw,  drill,  compasses,  glue  and  dovetailing,  before  Talus.  Cast  iron  was 
employed,  and  moulding  practiced,  and  the  lathe  invented,  long  before 
Theodorus  of  Samos  lived ;  and  the  screw  and  the  crane  before  Archytas. 
The  last  individual  was  celebrated  for  various  inventions,  and  among 
others,  Aristotle  mentions  the  child's  rattle,  from  which  it  may  be  infer- 
red that  he  was  an  amiable  man  and  fond  of  children — ^but  Egyptian 
children  were  amused  with  various  species  of  toys,  centuries  before  te 
flourished ;  and  they  then  had  dolls  whose  limbs  were  moved  by  the 
pulling  of  strings  or  wires,  as  ours  have  at  this  day.  Wilkinson's  Man- 
ners and  Customs  of  the  Ancient  Ey  gptians.     Vol.  li,  426-7. 

As  regards  machines  for  raising  water,  we  have  already  seen,  that 
some  have  been  ascribed  to  others  than  their  authors.  Even  tha  siphon 
has  been  attributed  to  Ctesibius,  (Adams's  Lectures,  vol.  iii,  372,)  because 
it  was  found  in  the  construction  of  his  clepsydra,  and  no  earlier  appilct-on 
of  it  was  then  known ;  but  it  is  now  asceilained  to  have  been  in  common  use 
among  his  countrymen  in  the  remote  age  of  Rameses — in  tlie  Augustan 
era  of  Egypt,  when  the  arts,  we  are  informed,  **  attained  a  degree  of  per- 
fection, which  no  after  age  succeeded  in  imitating."  Had  the  "  Commenta- 
ries of  Ctesibius"  to  which  Vitruvius  referred  his  readers  for  further  inf*  i- 
mation,  been  preserved,  we  should  have  had  no  occasion  to  attempt  a  Jed* 
nidon  of  his  claims  to  the  forcing  pump ;  unfortunately,  however,  thoa 
and  Archimedes'  Treatise  on  Pneumatic  and  Hydrostatic  Engines  have 
perished,  and  have  left  us  in  comparative  ignorance  of  the  history  of  suih 
machines  among  the  ancients. 

We  have  already  seen  that  the  syringe  was  in  common  use  ages  befure 
Ctesibius,  and  that  it  was  employecf  by  philosophers  to  illustrate  their  hy- 
pothesis of  water  rushing  into  a  vacuum.  Now  a  forcing  pump  is  merely 
a  syringe  with  an  addidonal  orifice  for  the  1iquid*s  discharge,  and  having 
both  its  receiving  and  discharging  orifices  covered  by  valves  or  clacks.  Ctc- 
si^Iua  therefore  did  not  invent  the  piston  and  cylinder,  nor  was  he  the  first 
to  discover  the  applicadon  of  these  to  force  water,  for  they  were  in  pre- 
vious use  and  for  that  purpose.  Was  he  the  inventor  of  valves  1  No,  for 
they  were  usedintheEgypdan  bellows  thirtean  or  fourteen  hundred  years 
before  he  lived,  and  appear  always  to  have  been  an  essential  part  of  those 
instruments.  They  were  employed  in  clepsydra  ;  and  were  most  likely 
used  in  the  hydraulic  organ  of  Archimedes,  which  Tertullian  has  des- 
cribed. Is  the  arrangement  of  the  valves,  by  which  water  is  admitted 
through  one  and  expelled  by  the  other,  to  be  ascribed  to  himi  Webelice 
not,  for  the  xame  arrangement  was  previously  adopted  in  the  beliows,  so 
far  as  regards  the  application  of  one  of  them,  and  the  principle  o:  !>«  ih  : 
and  if  it  could  be  shown  that  the  Chinese  bellows  was  then  ii:  use,  as  we 
suppose  it  was,  and  possibly  known  in  Egypt,  (for  that  some  Sniorcourso 
did  take  place  in  ancient  dmes  betwen  Egypt  and  China,  tven  if  one  peo- 
ple be  not  a  colony  of  the  other,  is  proved  by  Chinese  bottles  and  inscrip 
dons  found  in  the  tombs  at  Thebes,)  then  the  merit  of  CtesiV  ius  would 
seem  to  be  confined  principally  to  the  construcdon  of  metallic  bellows  as 
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"  toater  forcere,"  or,  to  the  application  of  valves  to  the  ordinary  syringe,  hy 
which  it  was  converted  into  a  forcins^  pump,  either  for  air  or  water.  But 
it  is  not  certain  that  the  last  was  not  done  before,  for  neither  Vitruvius  nor 
Pliny  asserts  that  *'  water  forcers"  were  not  in  previous  use.  The  former 
says  he  applied  the  principle  of  "  compressed  air"  to  them,  in  common 
with  "  hydraulic  organs,"  "  automatons,"  **  lever  and  turning  machines," 
and  "  water  dials,"  (Book  ix,  cap.  9;)  hsnce  it  may  as  well  be  concluded 
from  ijiis  passage,  that  he  invented  thesd  as  the  pump.  It  is,  indeed,  almost 
i:m possible  to  believe  that  the  Egyptians,  of  whose  sagacity  ai  d  ingenuity, 
unri /ailed  monuments  have  come  down,  did  not  detect  the  application  both 
of  the  bellows  and  syringe  to  raise  water  long  before  Cto8ir>ius  lived  ; 
Lence  we  are  inclined  to  place  the  forcing  pump  in  its  simplest  form,  with 
\h^  syrnge  and  atmosphenc  pump,  among  the  workc— - 

"  CTqaines  once  famed,  oow  dubioas  or  forgot 
A:«d  buried  'midst  the  wreck  of  things  that  were.'* 

That  the  forcing  pump  was  greatly  improved  by  Ctesibius,  theie  car 
be  no  q*;est7un  ;  but  that  which  gave  celebrity  to  his  machine  was  prol>a- 
Lly  the  air-vessel,  an  addition,  which  though  not  very  clearly  described  hy 
Vi'ruvius,  appears  to  have  originated  with  him.  By  it  the  pump  instead 
of  acting  as  before  like  a  squirt  or  syringe  produced  a  continuous  stream 
as  in  dijet  d*eau,  a  result  well  adapted  to  excite  admiration,  and  to  give 
eclat  to  his  name.  The  whole  account  of  his  machine  shows  its  connec- 
tion with  and  dependence  upon  air;  whereas  had  it  been  simply  a  forcing 
pump  it  would  have  had  nothing  to  do  with  it:  it  would  have  raised  watei 
independently  of  it ;  and  without  an  air-vessel  Vitruvius  never  could  have 
asserted  that  it  forced  water  up  the  discharging  tube  by  means  of "  air 
pressing  it  upwards."  Compressed  air  acted  a  prominent  part  in  all  his 
machines.  In  hh  wind  guns,  water  clocks,  and  numerous  automata;  some 
of  the  latter  in  the  shape  of  birds,  &c.  appeared  to  sing,  others  "  sounded 
trumpets,"  and  these  results  are  said  to  nave  been  produced  wnth  **  fluids 
compressed  by  the  force  of  air."  We  may  add  that  he  compressed  air  in 
his  hydraulic  organs  and  precisely  in  the  same  manner  as  m  the  pump, 
viz  :  by  water,  and  by  either  air  or  water  forcing  pumps.  The  commence- 
ment of  his  discoveries  was  the  experiment  on  air  with  the  weight  and 
speculum  in  his  father's  shop,  (see  page  122)  in  which  the  descending 
we:ght  "  compressed  the  inclosed  air"  and  forced  it  through  the  several 
apertures  into  the  open  air,  and  thereby  produced  distinct  sounds.  "  Whon 
thorefo*'e  Ctesibius  observed  that  sounds  were  produced  from  the  com- 
pression 8Jid  concussion  of  air,  he  first  made  uss  tf  tJict  principle  in  con- 
tnv'r^  hydraulic  organs,  also  water  forcers,  automatons,"  &c.  What 
principle  was  this  which  Vitruvius  says  he  applied  to  water  forcers  in 
common  with  organs,  &c.  1  That  of  compressed  air,  as  we  understand 
it ;  and  the  employment  cf  which  is  so  evident,  in  the  description  of 
\i\M  machine  already  given. 

Does  any  one  douot  that  the  air-vessel  was  known  to,  and  used  by 
Cte3)bir3  7  Let  him  re2'>llect  that  Heron,  his  disciple  and  intimate  friend, 
has  also  described  it;  for  the  celebrated  fountain  oi  this  philosopher. 
which  still  bears  his  name,  and  remains  just  as  he  left  it,  is  simply  ait 
e.ir  c\mber,  in  which  the  fluid  is  compressed  by  a  column  of  water  in- 
•tead  of  a  pump ;  and  one  of  his  machines  for  raising  water  by  steam,  was 
another,  in  which  the  elasticity  of  that  fluid  was  used  in  a  similar  manner. 
Besides  these,  there  are  others  represented  in  the  Spiritalia;  indeed,  a 
erreat  portion  of  the  figures  in  that  work  are  modiBcations  of  air  cham- 
bf!r8      At  pages  42  and    118,  of  Commandine's  Translation,  are  shown 
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spherical  vessels  containing  water,  into  which  perpendicular  discharginff 
tubes  descend  :  to  expel  the  liquid,  syiinges  or  minute  pumps  are  adapted 
to  the  vessels,  for  the  purpose  of  injecting  air  or  water,  and  by  that  means 
to  produce  ^^^«  d*eau.  The  common  syringe  is  also  figured  at  large  and  in 
section,  p.  120.*  Piiny  also  seems  to  refer  to  air-vessels  in  his  xix  book,  cap. 
4,  where  he  speaks  of  water  forced  up  "  by  pumps  and  such  like,  going 
with  t/ie  strength  of  wind  enclosed.*^     Holland's  Trans. 

As  the  ancients  have  not  particularized  the  claims  of  Ctesibius  to  the 
pump,  it  is  impossible  to  dcBne  them  with  precision  at  this  distance  of  time. 
Perhaps  the  instrument  had  been  laid  aside,  or  the  knowledge  of  it  almost 
lost  when  he  revived  and  improved  it,  as  some  of  his  own  inventions  have 
been  in  modem  times — his  gun,  for  example,  of  which  Philo  of  Byzai> 
tium  has  given  a  dsscription,  and  which  "  was  constructed  in  such  a  man- 
ner as  to  carry  stones  with  great  rapidity  to  the  greatest  distance."^  ltd 
ir  vention  has  been  claimed  by  the  Germans,  the  French,  D  irsh,  and  fr  iM 
the  following  remark  of  Blainville,  by  the  Swiss  also:  speaking  of  Bas'l, 
he  observes,  "  They  make  a  great  noise  here  about  a  hellish  invention  >f 
a  gunsmith,  who  invented  wind  guns  and  pistols.  This  invention  may  be 
truly  called  diabolical,  and  the  use  of  it  ought  to  be  forbid  on  pain  of 
death."*  Now  if  the  modem  inventor  of  the  air  gun,  an  instrument  which, 
two  centuries  ago,  was  spoken  of  as  "  a  late  invention,"**  cannot  with  cer- 
tainty be  ascertained,  it  can  hardly  be  expected  that  the  specific  claims  of 
Ctesibius  to  the  pump  can  be  pointed  out  after  a  lapse  of  2000  years.  If  he 
was  the  first  to  combine  two  or  more  cylinders  to  one  discharging  pipe — 
to  form  them  of  metal,  as  well  as  the  valves  and  pistons — and  the  first  to 
invent  and  apply  air-vessels,  his  claims  are  great  indeed,  and  for  aught 
that  is  known  to  the  contrary  he  is  entitled  to  them  all.  His  merits  as 
respects  the  latter  will  be  apparent,  if  we  call  to  mind  the  fact  that  their 
application  to  pumps  has  not  been  known  in  Europe  for  two  centuries ; 
and  that  their  introduction  was  in  all  probability  derived  from  him,  for  it 
was  not  till  a  hundred  years  after  Vitruvius's  description  of  his  machine 
had  been  translated,  printed  and  circulated,  that  we  first  hear  of  air-vessels 
in  moderr.  times. 

We  may  here  remark  that  at  whatever  period  tobacco  was  first  smoked 
in  the  Hookah,  (and  according  to  some  authors,  this  weed  was  used  in 
Asia  bsfore  the  discovery  of  America,)  the  air-vessel  was  known;  for  that 
instTiment  is  a  perfect  one,  as  any  person  may  p.r>vH  by  the  following 
experiment :  let  a  smoker,  instead  of  sucking  at  the  end  of  the  tube  which 
he  inserts  in  his  mouth,  blow  through  it,  and  the  liquid  contents  of  the 
hookah  will  be  forced  out  through  the  perpendicular  tube  on  which  the 
weed  is  placed  as  in  a  miniature  fire-engine,  carrying  up  with  it  the  pellet 
of  tobacco,  somewhat  in  the  manner  of  those  light-balls  which  are  some- 
times placed  on  jet^  d'eaUf  or  the  boy's  pea  playing  on  a  pipe  stem.  An 
operation,  in  the  opinion  of  some  physicians,  more  beneficial  to  the  per- 
former than  the  ordinary  one,  and  disposing  of  the  scented  material  i.i  a 
manner  more  suited  to  its  value. 

*  Heron ifl  Alezandrini  Spiritaliam  liber.    A  Federico  Commandino  orbinate   «i 
Graeco  nuper  in  Latiniun  conversus.  1583. 
^  Daten  8  Inquiry  into  the  Origin  of  the  Arts  attributed  to  the  Modems,  p  IPS 
Travels,  i,  338.    ^  Wilkins'  Mat  Magic. 
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iJt.  rorci=( i-unH  wlOi  buUoB'pulDn;  Ki 
lEn  UuLj^LLfliDf  pump  tTotD  AKricol 
ireulir— Lining  pump.  wiUi 
f-PeKim'pump. 

Or  the  various  modifications  n-hich  the  forcing  pump  has  undcrgon« 
in  recent  times  we  can  notice  but  a  fow,  and  of  these  the  greater  part 
ve^e  mcst  hk^ly  known  to  ancient  eno;ineers.  The  most  prominent  one 
is  'hat  by  which  the  machine  is  made  double  acting.  Now  the  device  by 
vrhicli  this  is  effected  hafl  not  only  frequently  occurred  to  quite  a  number 
of  ingeniniiH  men  in  their  endeavours  to  improve  the  pump  who  were  ig- 
ncrant  of  its  having  been  accomphshed  ;  hut  it  is  an  exact  copy  of  one 
that  h^j  been  applied  to  the  wind  pump  of  China  from  time  immemorial, 
(*ee  Nj.  112;)  it  probably  therefore  did  not  escape  such  men  as  Ctcsibius, 
and  Huron,  and  others  who  appear  to  have  exercised  dieir  ingenuity  and 
sogkcity  to  the  utmost  in  order  to  improve  this  machine,  and  who  were 
enthusiiiBUcally  attached  to  such  researches.  The  remarks  on  modem 
impruvemcnts  of  the  Btmoapheric  pump,  pages  325-6,  are  equally  applica- 
ble to  those  of  the  forcing  one;  and  it  is  worthy  of  remark,  that  not-with- 
Standing  the  present  improved  state  of  mechanical  science,  the  ancient 
fbrtna  of  both  now  prevail — :for  the  forcing  pump  as  made  by  Ctcsibius  in 
Egypt,  and  as  described  by  Viiruvius  as  used  by  the  Romans,  is  still  more 
common  than  any  other. 

The  double  acting  pump  represented  in  the  figure,  was  devised  by  M. 
La  Hire  in  the  early  part  of  iho  last  century.  His  description  of  it  was 
published  in  the  Memoirs  of  the  French  Academy  in  1716;  and  from  one 
of  his  expressions  we  perceive  iwhat  was  in- 
deed very  natural)  that  if  he  was  nat  indebted 
for  the  improvement  to  the  contemplation  of 
bellows,  these  insti'uments  were  at  least  close- 
ly associated  with  it  in  his  mind.  The  pump 
I  propose  [he  observes]  furnishes  w^tcr  con- 
tinually, "just  as  the  double  bellows  makes 
a  continual  wind."  The  piston  rod  posses 
tiirough  a  stuffing  box  or  collar  of  leathers  oil 
the  top  of  the  cylinder.  The  latter  has  four 
openings  covered  by  valves  or  clacks ;  two 
for  the  admission  of  water  and  the  same  num- 
ber for  its  discharge.  A  B  is  the  suction  pipe, 
and  C  D  the  ascending  or  discharging  one. 
Suppose  the  lower  end  of  the  suction  pipe  in 
water  i  then  if  the  piston  be  thrust  down, 
the  valve  near  B  will  close,  and  the  air  in  the 
lowei  part  of  the  cylinder  will  be  forced 
through  the  valve  at  D  and  up  the  pipe  D  C, 
and  in  consequence  of  the  rarefaction  of  the 
»».  m.  Po-w.  Acti.(  P--P.        ^^  ^i^^^  ^  pi,j^_  ^  ^j^^  ^  C  ^^^^  t^ 
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p)oied,  and  water  will  aacend  ifirough  B  A  and  enter  the  cylinder  at  A  i 
then  if  the  piston  be  raised  it  will  force  all  the  water  above  it  through  tha 
valve  at  C,  the  only  pass^ige  for  it,  M'hile  at  the  same  time  a  fresh  portioo 
will  enter  the  cylinder  through  ihe  valve  at  B.  Thua  at  e-'ry  stroke  of 
the  piston,  whether  up  or  down,  the  contents  of  the  cyhr.  Jer  are  forced 
out  at  one  end,  and  it  is  replenished  at  the  b£.tl.b  ciine  through  the  other ; 
this  pump  therefore  discharges  double  the  qiianaty  of  water  that  an  ordi- 
nary one  of  the  same  dimensions  does.  The  piston  rod  may  be  inserted 
through  either  end  of  ihe  cylir.uer,  as  circumsrances  may  require.  These 
pumpa  are  freauently  used  in  a  horizontal  position. 

Another  variation  of  the  forcing  pump   consists  in  making  the  piston  of 
tlie  same  length  as  the  cylinder  but  rather  lees  in  diameter,  so  tliat  it  may 
be  moved  freely  in  the  former  without  touching  the  sides.     These  pis'.jni 
•re  made  wholly  of  metal  and  turned  smooiL  and  cylindrical,  so  as  Vi 
work  through  a  stuffing;  box  or  cupped  leathers.     The  quantity  of  water 
nised  at  each  stroke  has  therefore  no  reference  to  the  capacity  of  the 
cylinder,  however  large  that  part  of  one  of  these  pumps  may  be,  for  the 
liquid  displaced  by  the  piston  can  only  be  equal  to  that  part  of  the  latter 
that  enters  the  cyUnder.    Switzer  has  given  a  figure  and  description  of  ao 
old  eneine  composed  of  three  of  these  pumps  "  that  has  been  eome  years 
orected  in  the  county  of  Surrey."    Newton  has  figured  the  piston  bellows 
described  by  Vitruvius  as  fumiahing  wixd  to  hydraulic  organs  in  a  similar 
way.     In  Commandine's  translation  of  Heron's  Spiritalia,  page  159,  the 
same  kind  of  plunger  is  figured  in  a  pump  belonging  to  a  water  organ  ; 
and  at  p.  71,  a  fire-engine,  with  two  working  cylinders,  has  pistons  oTtlie 
nme  kind.    These  pistons  were  formerly  named  plungers,  and  the  pumps 
phmger-pumpa.     Their  construction  and  action  will  be  understood  ny  the 
figure,  which  representa  one  of  a  number  that  were  em- 
ployed in  the  water-works,  York  Buildings,  London,  in 
the  last  century.    The  piston  was  of  brass,  cast  hollow 
and  filled  with   lead,  the   outside   being  "  turned  true 
and  smooth."     A  short  rod  attached  to  the  upper  end 
of  the  piston  waa  connected  by  a  chain  to  the  arched 
end   of  a  vibrating  beam,  that  was   moved   by  one   of 
Newcomen's  engines.  The  piston  was  therefore  mere- 
ly raised  by  the  engine,  while  its  own  weight  carried 
it  down  :  to  render  it  aufficiently  heavy  for  this   pur- 
pose, a  number  of  leaden   disks  (or  cheeses,  as   iliey 
were   named   from  their  form)  having  holes  in   their 
centres,  were  slipped  over  the  rod  and  rested  upon  the 
piaton,  aa  in  the   Rgure.     These  were  increased  until 
they  were   found   sufficient  to  press  down  the  pisUin 
.  and  force  the  water  up  the  ascending  pipe.     The  cup- 
ped  leathers  through  which   the   piston  worked,  were 
similar  to  those  now  used  in  the  hydrostatic  press.     A 
small  cistern  was   sometimes  formed  on  the  top  of  tlie 

Sump,  that  the  water  it  contained  might  prevent  air 
■om  entering  through  the  stuffing  box  or  between  the 
cupped  leathers  :  it  served  also  to  charge  the  pump 
through  a  small  pipe  or  cock.  A  valve  opening  up- 
wards was  sometimes  placed  just  ab^vj  the  plug  of 


K*i»3.P]u,.(«p™p.     the  cock,  and  the  latter  left  open  whe; 

was  started,  that  the  air  within  the  cylinder  might 
eacape  ;  and  as  soon  as  the  water  rose  and  filled  the  pump,  the  cock  wu 
■huL     It  is  immaterial  at  what  part  of  the  cylinder  the  forcing  or  ascend 
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ing  pi|>e  19  attached,  whether  at  the  bottom,  near  the  top,  or  at  any  inter- 
mediate place.  Small  pumps  of  this  kind  are  now  commonly  employed 
to  feed  steam  boilers  and  for  other  purposes,  and  are  worked  by  levt.ra 
like  the  ordinary  lifting  and  forcing  pumps,  the  pistons  being  preserved 
in  a  perpendicular  position  by  slings,  &c. 

These  pumps  are  believed  to  be  of  English  orig>n,  having  been  in- 
vented by  Sir  Samuel  Moreland,  "master  of  mechanics"  to  Charles  2d. 
Jjike  some  old  philosophers,  he  exercised  his  ingenuity  in  improving  hy- 
draulic and  other  engines,  for  raising  water.  Besides  the  plunger  pump, 
for  which  he  obtained  a  patent  in  1675,  he  invented  a-  *'  cyclo- elliptic 
Tnoveraent"  for  transmitting  motion  to  piston  roda,  a  figure  of  which  is  in- 
9-rted  by  Belidorin  the  second  volume  of  his  Arch.  Hydraulique.  He  is 
ulso  the  reputed  inventor  of  the  speaking  trumpet,*  of  a  capstan,  and  a 
steam-engine.  In  16S1  he  made  experiments  with  an  engine  consisting  of 
two  or  more  of  his  pumps  at  Windsor,  in  presence  of  the  king  and  court, 
(luring  which  he  forced  water  from  the  Thames  in  a  continual  stream  to 
the  to}>  of  the  castle ;  and  according  to  Dr.  Hutton,  "  sixty  feet  higher." 
Moreland  vioited  France  the  same  or  the  following  year,  by  order  of  the 
king,  to  examine  the  famous  water-works  at  Marh,  and  while  in  Paris  he 
exhibited  models  of  his  pump  before  the  French  court,  and  also  con- 
structed several  for  his  friends.  In  1683  he  presented  an  account  of  va- 
rious machines  for  raising  water  to  Louis  14th,  in  a  manuscript  volume 
written  and  ornamented  with  much  elegance;  and  in  1685,  an  account  of 
his  improvements  was  published  in  Paris  in  a  work  entitled,  "  Elevation 
des  eaux  par  toute  snrte  de  machines,  r^duite  k  la  mesure,  au  poids,  a  la 
balance,  par  1*;  moyen  d'un  nouveau  piston  et  corj  s  de  pompe ;  et  d'uii 
nouveau  monvpment  cyclo-elliptique,  et  rejetant  Tusage  de  toute  sorte  de 
manivelle  ordinaires,  par  le  Chevalier  Moreland."  It  does  not  appear  that 
he  ever  published  this  work  in  England,  for  Switzer  had  recourse  to 
Ozanam,  a  French  ^ter,  for  a  description  of  Moreland *s  pump  ;  as  he 
could  procure  no  English  account  of  it,  "having  taken  great  pains  to  find 
out  what  Sir  Samuel  had  left  on  that  head  to  no  purpose."  Ozanam  states 
that  ^*oreland  spent  "  twelve  years  study  and  a  great  deal  of  money"  to 
bring  Jiis  pump  to  perfection ;  "  and  without  this  new  invention  it  would 
have  been  impo^isihle  to  have  reduced  the  raising  of  water  to  weight  and 
measure,  as  he  has  done."  The  latter  observat^n  refers  to  the  leaden 
weights  placed  on  the  piston  rod,  and  the  quantity  of  water  raised  l)y 
them :  the  water  and  the  elevation  to  which  it  was  raised  being  compaired 
with  the  sum  of  th*^  weights  employed  to  force  it  up.** 

If  we  mistake  not  this  is  the  most  valuable  and  original  modification  of 
the  forcing  purnp  that  modem  times  have  produced.  The  friction  of  the 
piston  is  not  only  greatly  reduced,  but  the  boring  of  the  cylinder  is  dis- 
|>en8ed  with ;  an  operation  of  considerable  expense  and  difficulty,  particu- 
larly so,  before  eiicient  apparatus  for  that  purpose  was  devised.  Another 
advantage  is  the  facility  of  tightening  the  packing  without  taking  out  the 
piston  or  even  stopping  the  pump.     The  value  of  Moreland's  invention  in 

*  There  is  an  inftniroent  very  like  a  speaking  trumpet  in  the  hands  of  a  figure  in  one 
oftf'.f  illustratioiifi  of  the  Eneid,  executed  in  the  fourth  or  fiflb  century,  in  the  2oth  plate 
oi"  "Painting"  in  D'Agincourt's  History  of  the  Fine  Arts.  It  is  a  conical  tube,  the 
length  being  equal  to  that  of  the  individual  using  it;  and  by  which  he  appears  to  direct, 
frciD  thft  top  ofa  tower,  the  combatants  below.  Kircher  has  given  a  figure  of  a  trumpet 
L\rough  which  he  supposed  Alexander  spoke  to  his  army. 
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the  estimiUJon  of  engineers  appears  from  the  increasing  eraployineDt 
of  ii.  It  ia,  moreover,  for  aught  that  is  known  to  the  contrary,  the  pareiil 
of  the  corrinxin  lifting  pump;  and  to  its  inventor  the  double  arting  steam- 
engine  of  Watt  is  in  some  measure  due,  the  efficiency  of  that  noble  UMr 
chine  depending  entirely  upon  closing  the  top  of  the  cylinder  and  uossitig 
the  piston  rod  through  a  stuffing  box — both  of  which  had  already  bet^n 
done  in  this  pump.  Steam-engines  have  oJso  been  constructed  on  tiir 
same  plan  as  these  pumps ;  one  long  piston  playing  io  two  horiz<jntal  cy- 
linders, and  the  power  transmitted  from  it  by  means  of  a  cross-head  at- 
tached to  the  middle  of  its  length,  and  on  that  part  which  moves  between 
the  stuffing  boxes.  Another  celebrated  machine  is  also  copied  from  theia 
— Bramah's  hydrostatic  press  is  one  of  Moreland's  pumps. 

There  is  another  species  of  plunger  pumps  in  which  the  stuffing  box  ia 
dispensed  with,  and  consequently  tJie  piston  works  without  friction.  A 
square  wooden  tube,  or  a  common  pump  log  of 
sufficient  length,  and  with  a  valve  st  its  lower 
end  is  ffxcd  in  the  well  as  shown  in  the  figure. 
The  depth  of  the  water  must  be  equal  to  the 
distaiice  from  its  turface  to  the  oiace  of  delive- 
ry ;  and  a  discharging  pipe  having  a  valve 
opening  upwards  is  umted  to  the  pump  tree  at 
tlie  surface  of  the  water  ic  the  well.  The  pis- 
ton (a  solid  piece  of  woo-.l)  is  suspended  by  a 
chain  from  a  working  beLm,  and  loaded  sufii- 
cienily  with  weights  to  make  it  sink.  As  the 
liquid  eniera  the  pump  through  the  lower  valve, 
and  stands  at  the  same  level  within  as  without, 
whenever  the  piston  descends,  it  necessai-ily  dis- 
places ihe  water,  which  has  no  other  passogti 
to  escape  but  through  tlie  discburgiiig  pipe,  in 
consequence  of  the  lower  valve  closing.  And 
when  the  piston  is  again  raised  as  in  the  (igiirtj, 
a  fresh  portion  of  water  enters  the  pump  and  ia 
driven  up  in  like  maimer. 

Dr.  Robison  observes  that  hs  has  seen  a  ma- 
chine consisting  of  two  of  these  pumps,  made 
by  an  uniaught  laboring  man.  The  plung- 
ers were  suspended  from  the  ends  of  a  long 
beam,  on  the  upper  surface  of  which  the  nan 
walked,  as  on  the  plcoiah  of  India,  He  stood 
Ko-iw.  Fricn<MiiM.  riuiigor  on  one  end  Lill  one  plunger  descended  tj  the 
'"'       _   _  bottom  of  its   tube,  and  be  ihen  walked   tJ  the 

other  end,  the  declivity  at  first  being  about  2SP,  but  gradually  growinfless 
as  he  advanced.  In  this  way  he  caused  the  other  plunger  to  desceti, 
and  so  on  uiiernately. 

By  this  machine  a  feeble  old  man  whose  weight  was  llOlbs.  raised  7 
cubic  feet  of  water  llj  feet  high  in  a  minute,  and  wrought  eight  or  !en 
hours  every  day.  A  stout  young  man  weighing  1341bsl  raised  8J  cubic 
feet  to  the  same  height  in  the  same  lime.  The  applicati'on  of  this  pu^p 
is  extremely  limited,  and  there  is  a  waste  of  power  in  the  water  diat  ii 
uselessly  raised  around  the  piston  at  every  stroke. 

The  pistons  of  preceding  machines  are  made  of  solid  materials;  bu: 
the  pump  now  t.i  l.e  descrilicd  has  a  Uquidanc.  It  was  invented  about 
the  year  1720,  by  Mr,  Joshua  Hnskins,  who  made  the  first  experiment  with 
ti  in  the  house  and  pi'esence  of  tlic  celebrated  Desaguliers.     His  design 
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was  to  avoid  the  friction  and  consequent  loss  of  power  in  common  pumps, 
he  therefore  "  contrived  a  new  way  of  raising  water  without  any  fricuoc 
of  solids ;  making  use  of  quicksilver  instead  of  leather,  to  keep  the  air  or 
water  from  slippmg  by  tlie  sides  of  the  pistons."  Various  modiBcationa 
of  it  were  soon  devised  by  the  inventor,  by  Dr.  Desaguliers,  and  by  Mr 
William  Vreera,  the  assistant  of  the  latter,  '*  who  was  an  excellent  mecha- 
nic." One  form  of  it  is  represented  by  tlie  figure.  A  is  tlie  suction  pipe, 
the  lower  end  of  which  is  inserted  in  the  water  to  be  raised.  Its  upper 
end  terminates  in  the  chamber  C,  and  is  covered  by  a  valve.  The  forcing 
pipe  B,  with  a  valve  at  its  lower  end,  is  also  connected  to  the  chamber. 

Between  these  valves  a  pipe,  open  at  both  ends, 
is  inserted  and  bent  down,  as  in  the  figure.  The 
straight  part  attached  to  it  is  the  working  cylinder 
of  the  pump  and  should  be  made  of  iron.  Another 
iron  pipe,  a  little  larger  in  the  bore  than  the  last, 
and  of  the  same  length,  is  made  to  slide  easily 
over  it.  This  pipe  is  closed  at  the  bottom  and 
suspended  by  chains  or  cords,  by  which  it  is 
moved  up  and  down.  Suppose  this  pipe  in  the 
position  represented,  and  Blled  with  mercury — if 
It  were  then  lowered,  the  air  in  the  cylinder  and 
between  the  valves  would  become  rarified,  and 
the  atmosphere  pressing  on  the  surface  of  the 
water  in  which  the  end  of  A  is  placed,  would  force 
the  liquid  up  A  till  the  density  of  the  contained 
air  was  the  same  as  before ;  then  by  raising  the 
pipe  containing  the  mercury,  the  air,  unable  to  es- 
cape through  the  lower  valve,  would  be  forced 
through  the  upper  one ;  and  by  repeating  the  ope- 
ration, water  would  at  last  nse  and  be  expelled 
in  the  same  way ;  promded  the  elevation  to  which 
it  is  to  be  raised  does  not  exceed  thirteen  times 
the  depth  of  the  mercurial  column  around  the  cy- 
linder ;  the  specific  gravity  of  quicksilver  being 
BO  many  times  greater  than  that  of  water.  When 
the  depth  of  the  former  is  30  inches,  the  lattei 
may  be  raised  as  many  feet  in  the  suction  pipe  and  forced  up  an  equal 
distance  through  the  forcing  one,  making  together  an  elevation  of  sixty 
feet ;  but  if  water  be  required  higher,  the  depth  of  the  mercurial  column 
in  the  moveable  pipe  must  be  proportinably  increased.  To  make  a  small 
quantity  of  mercury  answer  the  purpose,  a  solid  piece  of  wood  or  iron 
that  is  a  little  less  than  the  cylinder,  is  secured  to  the  bottom  of  the  move- 
able vessel  as  shown  in  the  centre:  this  answers  the  same  object  as  an 
equal  bulk  of  mercury. 

These  pumps  have  their  disadvantages:  they  are  expensive;  and  how- 
ever well  made,  the  quantity  of  quicksilver  required  is  considerable — the 
agitation  consequent  on  the  necessary  movement  soon  converts  it  into  an 
oxide  and  renders  it  useless— great  care  is  also  recjuired  in  working  these 
machines;  if  the  movements  are  not  slow  and  regular,  the  mercury  is  very 
apt  to  })e  thrown  out ;  to  prevent  which  the  upper  end  of  the  vessel  con 
taiuing  it  is  dished  or  enlarged.  For  experimental  researches  modifica- 
tions of  such  pumps  may  be  useful,  but  for  the  reasons  above  stated,  they 
have  never  l>een  extensively  employed  in  the  arts.  A  simple  form  of  one 
is  described  in  a  late  volume  of  the  London  Mechanics'  Magazine,  and 
^Iso  in  tlie  22d  vol.  of  the  Journal  of  the  Franklin  Institute,  p.  327.     See 
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also  vol.  xxxii,  Phil.  Transactions,  and  Abridg.  vol.  vi,  362.  Desaguliers* 
Phil.  vol.  ii,  491.  In  Jamieson's  Dictionary,  p.  852,  a  mercunal  pump  in 
the  form  of  a  wheel  is  described. 

The  hydrostatic  prets  is  simply  a  cylindrical  forcing  pump,  whose  {>istoD 
18  moved  by  the  water,  instead  of  the  latter  by  it.  A  platen,  on  which  are 
placed  the  articles  to  be  pressed,  is  connected  to  the  upper  end  of  the  piston 
rod ;  water  is  then  injected  into  the  cylinder  by  a  much  smaller  pump, 
and  as  this  liquid  is,  to  all  practical  purposes,  incompressible^  the  piston  is 
necessarily  raised,  and  the  articles  Drought  against  an  immoveable  plate, 
between  which  and  the  platen  they  are  compressed.  The  degree  of  pres- 
sure tlms  excited  depends  upon  the  difference  between  the  area  of  the 
pistons  of  the  pump  and  of  the  press.  The  apparatus  exhibits  m  another 
form,  the  celebrated  hydrostatic  paradox  by  which  the  pressure  of  a  liquid 
colunm  however  small,  is  made  to  counterbalance  that  of  anothei*  however 
large.  Hydrostatic  presses  have  been  applied  with  advantage  in  nume* 
rous  operations,  as,  expressing  oil  from  seeds,  pressing  paper,  books,  hay 
and  cotton  ;  tearing  up  trees  by  the  roots,  proving  the  strength  of  steam 
boilers,  metallic  water-pipes,  and  even  cannon.  In  this  city  (New-York) 
ships  of  a  thousand  tons  are  raised  out  of  tlie  water  to  repair,  by  one  of 
these  machines  elected  at  *Jie  head  of  one  of  the  docks.  The  cylinder 
is  secured  in  a  horizontal  position,  and  the  pumps  are  woiked  by  a  steam- 
engine.  The  frame  on  which  the  vessel  floats,  and  by  which  it  is  raised, 
is  suspended  by  a  number  of  chains  on  each  side  that  pass  over  pulleys  and 
terminate  at  the  end  of  the  piston. 

There  is  a  very  interesting  and  beautiful  illustration  of  the  principle 
of  Bramah's  hydrostatic  press  in  the  contrivance  by  which  bees  store 
their  honey.  The  cells,  open  at  one  end  and  closed  at  the  other,  are  ar- 
ranged horizontally  over  each  other,  and  in  that  position  are  JUJed  with 
the  liquid  treasui'e.  Now  suppose  a  series  of  fflass  tumblers  or  tubes  laid 
on  thoir  sides  and  piled  upon  one  another  in  like  manner  were  required 
to  be  then  tilled  with  water,  it  certainly  would  require  some  reflection  to 
devise  a  plan  by  which  the  operation  could  be  performed ;  but  whatever 
mode  were  hit  upon,  it  could  not  be  more  ingenious  and  effective  than  that 
adopted  by  these  diminutive  engineers.  At  the  further  or  closed  extre- 
mity of  each  cell,  they  fabricate  a  moveable  piston  of  wax  which  is  fitted 
air  tight  to  the  sides,  and  when  a  bee  arrives  laden  with  honey,  (which  is 
contained  in  a  liquid  form,  in  a  sack  or  stomach,)  she  penetrates  the  piston 
with  her  proboscis  and  through  it  injects  the  honey  between  the  closed 
end  of  the  cell  and  the  piston,  and  then  stops  the  aperture  with  her  feet. 
The  piston  is  therefore  pushed  forward  as  the  honey  accumulates  Ix^hinU 
it,  till  at  last  it  reaches  the  open  end  of  the  cell,  where  it  remains,  herme 
tically  sealing  the  vessel  and  excluding  the  air.^  As  soon  as  one  cell 
is  thus  charged,  tlie  industrious  owners  commence  with  another.  It 
will  be  perceived  that  these  pistons  are  propelled  precisely  as  in  the  hy- 
drostatic press,  the  liquid  honey  being  incompressible,  (with  any  force  to 
which  it  is  there  subjected,)  every  additional  particle  forced  in  necessa- 
rily moves  the  piston  forward  to  afford  the  required  room.  Without  such 
a  contrivance  the  cells  could  no  more  be  filled,  and  kept  so,  than  a  bucket 
could  be,  with  water,  while  laying  on  one  side.     Were  the  organization 

*  To  keep  the  honey  pure,  and  prcf»erve  it  from  evaporation,  in  the  high  temneratiir« 
of  a  hive,  tne  air  must  be  kept  from  it.  Could  human  ingenuity  have  devised  a  more 
perfect  mode  of  accomplishing  the  object  ?  The  fact  is,  bees  in  this  matter,  might  long  a?o 
nave  taught  man  tlie  practice  which  ia  now  pursued  of  preserving  both  liquid  and  tiolid 
aliment j^iuA  for  yeara — in  tin  cases  impervious  to  the  air,  and  from  which  it  lias  been 
excluded. 
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of  beo3  clo-^ely  examined,  it  would  doubtless  be  found   tbat  tbe  relative 
diameters  of  tlieir  proboscis  and  of  the  cells,  and  the  area  of  the  (bellows) 

pumps  in  their  bodies,  are  such  as  are'  best  adapted 
to  the  muscular  efcergy  which  they  employ  in  work- 
ing the  latter.  Were  it  otherwise,  a  greater  force 
might  be  required  to  inject  the  honey  and  drive  for- 
ward the  piston,  than  '-x*ey  possess.  In  the  case  of 
a  hydrostatic  press,  when  the  resistai  ce  is  too  great 
to  be  overcome  by  an  injection  pump  of  large  dia- 
iiieter,  one  of  smaler  bore  is  employed. 

We  shall  now  pj  oduce  a  few  specimens  of  forc- 
ing pumps  wi''.  noUow  pistons,  or  such  as  admit  wa- 
t-er  to  pass  thrjugh  them.  If  a  common  atmospheric 
pump  be  in  von  -d^  its  cylinder  immersec  in  water, 
and  the  valves  of  the  upper  and  lower  boxes?  reversed 
aa  in  llie  figure,  it  become.«  a  forcing,  or,  as  it  is 
sometimes  named,  a  lifting  pump;  because  the  con- 
tents of  the  cylinder  are  lifted  up  wlien  the  piston  is 
raised,  instead  of  being  driven  out  from  below  by  its 
descent,  as  in  Nos.  116,  111  11  a  lifting  pump  the 
li-juid  is  expelled  from  the  (op  of  the  cylinder — in 


Nu.  126.   Lifting  Pump. 


a  forcing  one   from    the    bottom — it  is  the  water 


above  the  piston  that  is  raised  by  the  former;  and  that  which  enters  be 
low  it,  by  the  latter.  The  piston  rod  in  the  figure  is  attached  to  an  iron 
frame  that  is  suspended  to  the  end  of  a  beam  or  lever  as  in  Nos.  123,  124. 
The  valve  on  the  top  of  the  piston,  like  that  at  the  end  of  the  cylinder, 

opens  upwards.  When  the  piston  descends  (which 
it  does  by  its  own  weight  and  that  of  the  frame)  its 
valve  opens  and  the  water  enters  the  upper  part  of 
the  cylinder,  then  as  soon  as  it  begins  to  rise  its 
valve  closes,  and  the  liquid  above  it  is  forced  up  tlio 
ascending  pipe.  Upon  the  return  of  the  piston  the 
apper  valve  is  shut  by  the  weight  of  the  column 
above  it,  the  cylinder  is  again  charged  and  its  con- 
tents forced  up  by  a  repetition  of  the  movements. 
Machines  of  t)us  description  are  of  old  date.  They 
were  formerly  employed  in  raising  water  from 
mines.  They  were  adopted  by  Ranneqxiin  in  the 
celebrated  water-works  at  Marll ;  and  by  Lintlaer 
in  the  engines  he  erected  during  the  reign  of  Henry 
4th,  at  Pont  Neuf,  to  supply  the  Louvre  from  the 
river  Seine. 

As  they  cannot  in  all  locations  be  inserted  con- 
veniently in  the  reservoir  containing  the  water  to 
be  raised,  they  have  sometimes  been  placed  in  cis- 
terns erected  above  the  original  source,  and  sup- 
plied by  atmospheric  pumps  extending  to  it,  as  m 
No.  127.  The  cylinder  of  the  atmospheric  pump 
terminates  in  the  bottom  of  the  cistern,  and  is  plac- 
ed directly  under  that  of  the  lifting  one;  the  pistons 
of  both  being  attached  to  the  same  rod  and  worked 
by  the  same  fmme.  Such  was  the  construction  oi 
the  old  Parisiati  water-works  at  the  bridge  of  No- 
tre Dame.  These  consisted  of  a  series  of  pumps 
arranged  as  in  the  figure,  and  worked  by  an  undershot  wheel 


K«i.  127,   PiiinpB  from  wntflr- 
vorks  at  Notre  l>iine,  Pari*. 
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If  the  head  of  b.  common  pump  (No.  90)  be  closed,  except  an  npeninfl 
through  which  the  rod  works,  or  maybe  worki^d,  it  U  ihen  converted 
into  a  lilUng'  pump,  and  will  raise  water  to  any  elevation  tcrgugh  a,  pipe 
attHched  to  the  spout.  Tht  earii-;Bt  specimen  thai  we  have  met  with  is 
represented  by  the  12Sth  figure,  from  Agricola.  Although  a  rude  device. 
it  13  interesiinF  as  illustrative  of  tJ.'?  resources  of  old  mining  engineers,  ip 
luodifying  aiicf  applying  '.He  '■■^mmoi-  wooden  pump  under  a  variety  ril 
ciicumstances  The  upper  parts  of  two  atmospheric  pumps  temtitiate 
ill  a  close  ch-.inher  or  strong  box,  \£wo  sides  of  which  are  removed  in  the 
figure  to  show  its  interior,!  their  lower  ends  extendiiie  into  water  collected 
at  u  iowcr  depth  in  tlie  min<?.  From  the  top  of  the  box  a  forcing  pipe  ia 
continued  to  the  surface  of  the  gi  jund,  or  to  anntlier  level  in  the  mine, 
from  ■which  the  water  raised  through  it  can  he  dia^hargcd.  The  piston 
rods  are  worked  bv  a  druiile  crani-.,  one  end  of  which  turns  in  a  socket 
formed  ii;  the  inside  of  the  chamber,  and  the  other  is  continued  through 
the  opposite  side  and  bnt  intc  a  handle  by  which  the  laborer  works  the 
machine,  'i'wo  collars  are  formed  on  the  crank  axle,  one  close  to  the  out- 
side, and  the  oiher  to  the  inside  of  thai  ])art  of  the  chamber  through  which 
it  passes,  and  some  kiiid  "f  packing  seems  to  liavj  been  used  to  prevent 
the  water  from  leaki'.ig  thniugh.  Four  iron  arms  v.'ith  heavy  balls  at  their 
ends  are  secured  to  the  axle  to  ctfualixe  the  movement.  These  were  the 
old  substitutes  for  the  modern  fly-wheel !  they  were  quite  c 
all  kinds  of  revolving  machinery  in  tbe  15th  and  16th  c 
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The  modem  form  of  the  lifting  pump  is  represented  in  figure  No.  189. 
The  working  cylinder  being  generally  brass  or  copper,  and  haWng  i; 
strong  flanch  ateach  end  :  the  upper  one  is  covered  by  a  plata  wifli  a 
stuffing  box  in  the  centre,  through  which  the  polished  piston  rod  moves  j 
and  tlie  under  one  by  antuher  to  which  the  suction  pipe  is  attached,  and 
whoso  orifice  is  covered  by  a  valve.     To  tliu  fui-ciiig  or  disclinrging  pip« 
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a  cock  is  comTnonly  soldered  as  in  No.  118,  to  supply  water  when  ro- 
qiiired  at  the  pump.  This  is  one  of  the  most  useful  forms  of  the  puran 
for  household  purposes :  it  may  be  placed  in  the  kitchen,  cellar  or  yard, 
and  will  not  only  draw  water  from  a  well,  but  will  force  it  up  to  every 
floor  of  a  dwelling,  and  still  answer  every  object  of  the  ordinary  atmos- 
pheric pump;  and  if  an  air-vessel  be  connected  to  the  pipe,  as  in  No.  120, 
It  will  then  become  a  domestic  fire-engine ;  and  when  a  sufficient  length 
of  hose  pipe  is  kept  at  hand,  water  may,  in  case  of  fire,  be  conveyed  in  a 
few  moments  to  any  part  of  the  buildinsf.  Desaguliers,  a  century  ago,  re- 
commended this  application  of  it,  and  it  is  surpnsing  tliat  it  has  not  be- 
come more  general.  The  following  extract  from  a  pump-maker's  circular, 
120  years  since,  refers  to  it.  "  Pumps  which  may  be  worked  by  one  man, 
for  raising  water  out  of  any  well,  upwards  of  120  feet  deep,  sufficient  for 
the  service  of  any  private  house  or  family,  and  so  continved  that  by  turn- 
ing a  cock,  may  supply  a  cistern  at  the  top  of  the  house,  or  a  bathing  vessel 
in  any  room ;  and  dv  screwing  a  leather  pipe  the  water  may  be  conveyed 
either  up  stairs,  or  in  at  a  window,  in  case  of  any  fire."  Switzer's  Hy- 
drostatics, 352. 

Although  the  valve  in  the  ascending  pipe  is  not  an  essential  part  of 
these  pumps,  it  is  a  valuable  addition,  since  it  removes  the  pressure  of  the 
liquid  column  above  it  from  the  stuffing  box,  when  the  pump  is  not  in  use. 
The  inventor  of  these  pumps  (and  of  the  stuffing  box)  is  unknown.  They 
are  described  by  Desaguliers,  Belidor,  and  other  writers  of  the  last  cen- 
tury as  then  common,  and  they  are  figured  in  the  6th  volume  of  machines 
and  inventions  approved  by  the  French  Academy,  p.  19 

Sometimes  the  cylinder  itself  has  been  made  to  answer  llie  purpose  of 
an  air-vessel.  With  this  view  it  is  made  longer  than  usual,  and  the  dis- 
charging pipe  is  connected  to  the  middle  of  its  length,  below  which  the 
piston  works.  The  air  is  therefore  compressed  in  the  up})er  part  of  the 
cylinder,  but  as  it  is  liable  to  escape  at  the  joints  and  through  the  stuff- 
ing box,  a  separate  vessel  is  far  preferable.  Mr.  Martin,  in  the  2d  vol.  of 
his  Philosophy,  has  figured  and  described  a  pump  of  this  kind,  which  he 
says  was  the  invention  of  Sir  James  Creed. 

In  1815,  the  London  Society  of  Arts  awarded  a  silver  medal  and  fifteen 
guineas  for  a  lifting  pump  with  two  pistons.  The  cylinder  was  made 
twice  the  usual  length,  and  each  end  furnished  with  a  stuffing  box  through 
which  two  separate  rods  worked.  The  suction  pipe  being  attached,  like 
the  forcing  one,  to  the  side  of  the  cylinder;  the  lower  piston  was  inverted 
having  its  valve  on  the  top  as  in  No.  126.  The  outer  ends  of  the  rods 
were  connected  to  the  centre  of  two  small  wheels  or  friction  rollers  which 
moved  between  two  guide  pieces,  and  thus  prevented  the  rods  from  de- 
viating from  the  centre  of  the  cylinders ;  the  upper  wheel  was  connected 
by  a  short  rod  to  the  pump  lever  as  in  tlie  common  pumos,  and  the  other 
one  by  a  longer  rod  (bent  at  its  lower  part)  to  'ho.  same  lever,  but  on  the  op- 
pt)site  side  of  the  fulcrum ;  so  that  as  one  was  raised  the  other  was  lowered ; 
hence  the  two  pistons  alternately  approached  to  and  receded  from  each 
other,  and  consequently  one  of  them  wa3  always  forcing  up  water  when- 
ever the  machine  was  at  work.  Tr»».asdction3  Soc.  Arts,  vol.  xxxiii.  115. 
We  believe  these  pumps  have  never  been  mucti  used,  nor  do  we  tliink  they 
possess  any  advantages  over  two  separate  ones  j  for  they  are  to  all  intents 
and  purposes  double  pumps.  The  cylinders  are  twice  the  length  of  single 
ones— they  have  two  ]>istons,  two  -cds,  two  stuffing  boxes,  and  double  3ie  . 
amount  of^  friction  of  single  ones.  Two  distinct  pumps  are  more  econ(»- 
mical.  After  one  of  the  above  has  been  a  little  while  in  use,  air  will  un- 
avoidably insinuate  itself  t^jough  the  ?owoi  stuffing  box  and  diminish  or 
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destroy  the  vacuum  upon  which  the  eifioienoy  of  the  machine  depends. 
The  same  remarks  apply  to  these  that  were  made  on  atmospheric  pumpa 
with  two  pistons,  at  page  227. 

There  is  a  pump  with  two  pistons  in  Beeso.i's  Theatre  des  Inatrumcns, 
which  shows  tliat  such  devices  were  known  in  the  16th  century.  It  con- 
eists  of  a  Eijuare  ti-unk  four  or  five  feet  in  length,  and  the  bore  five  or  six 
inches  across,  immersed  perpendicularly  in  water  at  the  bottom  of  a 
well  1  its  lower  end  being  open  and  the  upper  one  closed,  except  at  the 
centre,  where  an  o]>ening  is  left  and  covered  by  a  valve.  A  square  piston, 
with  its  valve  opening  upwuj-ds,  is  fitted  to  work  in  the  trunk  from  below 
by  a  rod  connected  to  its  under  side,  as  in  No.  126.  A  lever  passes 
through  the  lower  part  of  the  trunk,  (through  slits  made  for  it  in  two  op- 
posite sides,)  one  end  of  which  is  secured  to  a  piece  of  timber  walled  in  iha 
well,  by  a  pin,  on  which  it  moves ;  and  the  other  end  extends  to  the  op- 
posite side  of  the  trunk,  where  it  is  hooked  to  a  chain  that  reaches  from 
the  pump  brake  at  llie  top  of  the  well.  The  lower  end  of  the  piston  rod 
is  connected  by  a  bolt  to  that  part  of  the  lever  that  is  within  the  trunk. 
This  apparatus  forms  the  lifuiig  or  forcing  part  of  the  machine.  A  com- 
mon pump  tree  or  bored  log  extends  from  the  place  to  which  the  water 
is  to  be  raised,  to  the  top  of  tlie  trunk,  and  the  junction  with  tJie  latter 
made  perfectly  tight:  an  upper  box  or  piston  with  its  rod  is  fitted  to  work 
in  the  tree  like  an  ordinary  wooden  pump,  while  the  valve  on  the  trunk 
answers  the  purpose  of  a  lower  box.  This  rod  is  attached  to  tlie  brake  on 
one  side  of  tlie  fulcrum  and  tlie  cliain  that  is  connected  to  the  lever  and 
lower  rod  to  the  opposite  side,  so  that  as  one  piston  rises  the  other  de- 
scends and  a  constant  stream  of  water  is  discharged  above. 

This  is  the  oldest  pump  with  two  pistons  tliat  we  know  of,  and  it  has 
one  advantage  over  others,  viz  :  in  raising  water  without  changing  its  di- 
rection. We  at  first  intended  to  insert  a  figure  of  it,  but  the  apparatus 
for  working  it  is  too  complicated  for  popular  illustration.  Although  mo- 
tion is  impaiTed  to  the  piston  as  noticed  above,  it  is  not  done  directly,  but 
by  means  of  such  an  enormous  amount  of  complex  and 

dern  mechanician.  There  is  an  assemblage  of  rods  and 
levers,  tongs  and  lazy  tongs,  chains,  right  and  left  hand- 
ed screws,  a  heavy  counterpoise  and  a  massive  pendu- 
lum, &c.,all  of  which  are  reijuii-ed  to  bo  put  in  motion  be- 
fore the  pistons  can  be  moved.  A  figure  of  such  a  pump 
would  possibly  interest  some  readers  as  a  matter  of 
curiosity,  for  certainly  a  rarer  example  of  the  wasi.e 
of  power  could  not  well  be  imagined  :  it  presents  an 
clumsy  and  "  round-about"  a  mode  of  accomplishing  a 
very  simple  purpose,  as  that  of  ilie  genius  who,  in  taji- 
phg  a  cisk  of  wine,  never  Umugiit  of  ir.serting  the 
Spigot  ill' M  the  barrel,  but  attempted  to  drive  the  bamil 

Sometin  es  ;iumpB  with  solid  and  hollow  pistons  are 
combined  m  ■■■■  ;vo.  130,  a  coiitriv-i.-i:e  of  Mr.  Treve- 
'Jiick.  The  cylinder  of  a  forcing  pump  communicatee 
mth  that  ■:>£  an  itmosphsric  one  ;  both  piston  rods  aru 
connected  to  a  crt;S8-Wt  sjid  rise  and  fall  together.  "When 
the  pistons  are  raisjii  the  water  above  that  in  the  lon^ 
for  aimosp  lisric)  cv'  i.der  is  discharged  at  the  spout,  \-A 
tlie  space  below  Lnem  is  tilled  by  die  atmospheit;  forc- 
'    Pui^'*""*'   :ng  up  fi-esh  pornons  through  the  Bucuon  pipe.     When 
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the  pistons  descend,  the  valve  on  the  suction  pipe  closes,  aiid  tlic  soli(^ 
piston  drives  tlie  water  in  its  cylinder  tlirough  the  hollow  one  in  the  other. 
80  that  whether  rising  or  falling  the  liquid  continues  to  flow.  As  both 
cylinders  are  filled  at  the  same  time,  the  bore  of  the  suction  pipe  should 
be  proportionably  enlarged.  The  plate  bolted  over  tlie  opening  at  the 
lower  part  of  one  cyhndcr  is  to  give  access,  in  large  pumps,  to  tlie 
lower  valve. 

In  some  pumps  both  a  solid  and  a  hollow  piston  are  made  to  work  in 
the  same  cylinder.  Such  were  those  that  constituted  the  **  single-cham- 
ber fire-engine"  of  Mr.  Perkins.  A  plunger  worked  through  a  stuffing 
box  as  in  No.  123,  and  its  capacity  was  about  half  that  of  the  cylinder ; 
consequently  on  descending  it  displaced  only  that  proportion  of  the  contents 
of  the  latter.  The  apertures  of  discharge  were  at  the  upper  part  of  the 
cylinder,  and  a  single  receiving  one  at  the  bottom.  From  die  lower  end 
of  the  plunger  a  short  rod  projected,  to  which  a  hollow  piston  or  sucker 
was  attached, 'fitted  to  work  close  to  the  cylinder,  so  that  when  the  plunger 
was  raised,  this  piston  forced  all  the  water  above  it  through  the  discharg- 
ing apertures.  To  convert  one  of  these  pumps  into  a  fire-engine,  the  cy- 
linder of  the  pump  was  surrounded  by  a  shorter  one  of  sheet  copper,  die 
lower  end  of  which  was  left  open,  and  its  upper  one  secured  air-tight  to 
the  flanch  of  the  pump ;  the  space  left  between  the  two  forming  a  passage 
for  the  water  expelled  out  of  the  inner  one.  A  larger  and  close  cylinder 
encompassed  the  last,  and  the  space  between  them  was  die  air  chamber,  to 
the  lower  part  of  which  a  hose  pipe  was  attached  by  a  coupling  screw 
in  the  usual  way. 

Such  pumps  are  more  compact  than  those  with  two  cylinders,  but  they 
are  more  complex,  less  efHcient,  and  more  difHcult  to  keep  in  order  and  to 
repair.  The  friction  of  the  plunger  and  sucker  is  much  greater  than  that 
of  the  piston  of  an  ordinary  double  acting  pump  of  the  same  dimensions ; 
and  the  latter  discharges  double  the  quantity  of  water;  for  although  double 
acting,  the  effect  of  these  pumps  is  only  equal  to  single  acting  ones.  For 
the  above  reasons  they  have,  we  believe,  become  obsolete  or  nearly  so. 


CHAPTER    V. 

Rotary  or  rointory  pumps:  Unirormity  in  efforts  madfl  to  improvo  machines — ^PrevMilinf  custom  to 
oonrert  rectilinnar  and  reciprocating  movements  into  circular  ones — Epigram  of  Antipater — ^Ancient 
optnloo  respecting  circular  motiont — Advantages  of  rotary  motions  exemplified  in  various  machines- 
Operations  of  spinning  and  weaving ;  hiistorical  anardoipn  resiiecting  tliem — Rotary  pump  A-om  Ser- 
▼icrn— Interesting  inventions  of  \m — Classification  of  rotary  puni|>s— Bve's  s'cam-engine  and  pump~ 
Another  class  of  rotary  pumps — Rotary  pump  of  the  16tli  century — Pump  with  sliding  butment— Trot- 
ter** engine  and  pum^i — French  rotary  pump— Bramah  and  Dickenson^s  pump — Rotary  pumps  with  pis- 
tons In  the  form  of  viuies — Ccntrirujrd  frump — Defecu  of  rotary  pumps— Uaciprocating  rotary  pumps; 
A  French  ou»— An  Kagli^h  ono— Dufects  of  these  pumps. 

No  one  can  study  tlie  ])ast  and  present  history  of  numerous  machines 
and  devices  wirhcmt  perceiving  a  striking  uniformity  in  the  efforts  made 
to  improve  them  in  distant  tines  and  countries ;  the  same  general  defects 
and  sources  of  defects  seem  always  to  have  been  detected,  and  similar  me- 
thods hit  upon  to  remedy  or  remove  them:  the  same  ideas,  moreover,  led 
inventors  to  modify  and  apply  machines  to  other  purposes  than  those  for 
•^hich  they  were  originally  c3oigned,  and  aisc  to  increase  their  effect  by 
rhiuiging  tliC  lature  and  direclion  of  their  motiorAS.  Cc  uniform  have  been 

3^ 
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the  speculations  of  ingenious  men  in  these  respects,  that  one  might  be  al- 
most led  to  suppose  they  had  reasoned,  like  the  lower  animals  from  a  com- 
mon instinct ;  and  that  the  adage  of  Solomon,  "  there  is  no  new  thing  un- 
der the  sun,"  was  as  applicable  to  the  inventions  of  man,  as  the  works  of 
nature.  It  would  indeed  be  no  very  hard  task  to  show  that  the  preacher 
was  correct,  to  an  extent  not  generally  believed,  when  he  penned  the  fol 
lowing  interrogatory  and  reply — "  Is  there  any  thing  whereof  it  may  be 
said, — Se*^,  tK»s  is  new  1 — it  hath  been  of  old  time  which  was  before  us." 
Did  a  modem  aavan  invent  some  peculiar  surgical  instruments  of  great 
merit  ? — similar  ones  were  subsequently  discovered  in  the  ruins  of  Pom- 
peii. Have  patents  been  issued  in  late  years  for  economizing  fuel  in  the 
heating  of  water,  by  making  the  liquid  circulate  through  hollow  grate 
bars? — tlie  same  device  has  been  found  applied  t-*  ancient  Roman  boilers. 
And  the  recent  practice  of  urging  fires  with  currentb  of  steam  (also  patented) 
was  quite  common  in  the  middle  ages.  (See  remarks  on  the  Eolipile  in 
the  next  book.)  Numbers  of  such  examples  might  be  adduced  from  al- 
most every  department  of  the  useful  arts. 

From  the  earliest  times  it  has  been  an  object  to  convert,  whenever  prac- 
ticable, the  rectilinear  and  reciprocating  movements  of  machines  into  cir- 
cular and  continuous  ones.  Old  mac>unists  seem  to  have  been  led  to  this 
result  by  that  tact  or  natural  sagacity  that  is  more  or  less  common  to  all 
times  and  people :  thus  the  dragging  of  heavy  loads  oii  the  ground  led  tc 
the  adoption  of  wheels  and  rollers — hence  our  carts  and  carriages  : — the 
rotary  movements  of  the  drill  and  the  wimble  superseded  the  alternating 
one  of  the  punch  and  gouge,  in  making  perforations: — the  horizontal  wheel 
of  the  potter  rendered  modeling  of  clay  vessels  by  hand  no  longer  neces- 
sary:— the  whetstone  gave  way  to  the  revolving  grindstone: — the  turning 
lathe  produced  round  forms  infinitely  more  accurate,  and  expeditiously  than 
the  uncertain  and  irreo^ular  carving  or  cutting  away  with  the  knife.  The 
quern,  or  original  hand  mill,  w[as  more  eflicacious  than  the  alternate  action 
of  the  primitive  pestle  and  mortar  for  bruising  grain  ;  and  the  various 
forces  by  which  corn  mills  have  subsequently  been  worked,  have  always 
been  applied  through  revolving  mechanism.  The  short  handles,  on  the 
moveable  stone,  by  which  femfides  and  slaves  moved  it  round,  became  in 
time  lengthened  into  levers,  and  being  attached  to  the  peripheries  of 
larger  stones,  slaves  were  sometimes  yoked  to  them,  who  grouna  the  grain 
by  walking  round  a  circular  path.  Subsequently  slaves  were  replaced  by 
animals,  and  these,  in  certain  locations,  by  inanimate  agents — wind  and 
water.  The  period  is  unkno>\ai  when  man  first  derived  rotary  motion 
from  the  straight  currents  of  fluids,  for  there  is  no  sufficient  reason  to  be- 
lieve that  the  water  mill  located  near  the  residence  of  Mithridates  was  the 
first  one  ever  used  in  grinding  corn  :  tJiat  may  have  been  the  one  first 
known  to  the  Romans;  bu*  it  is  very  psobable  that  such  machines  as  well 
as  wind  mills  were  in  use  in  Egypt,  Syria,  China,  and  other  parts  of  Asia, 
in  times  that  extend  far  beyond  the  confines  of  authentic  history.  An  epi- 
gram of  Antipater,  a  contemporary  of  Cicero,  imolies  that  water  mills 
were  not  then  very  common  in  Europe.  "  Cease  your  wcrk,  ye  maids, 
ye  who  laboured  in  the  mill :  sleep  now,  and  let  the  birds  sing  to  the  ruddy 
morning,  for  Ceres  has  commanded  the  water  nymphs  to  perform  vour 
task;  these,  obeli 3nt  to  her  call,  throw  themselves  on  the  wheel,  force 
round  the  axle-tree,  and  by  these  means  the  heavy  mill." 

Rotary  motions  were  favori:c  ones  with  ancient  philosophers :  they 
considered  a  circle  as  the  most  perfect  of  all  figures,  and  erroneously  cop- 
eluded  that  a  body  in  motion  would  naturally  revolve  in  one. 

To  the  subsiitution  of  circular  for  straight  motons,  and  of  continuous  foi 
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alternating  ones  may  be  attributed  nearly  all  the  conveniences  and  elegan- 
cies of  civilized  life.  It  is  not  too  much  to  assert  that  the  present  advanced 
state  of  science  and  the  arts  is  due  to  revolving  mechanism;  we  may 
speak  of  the  wonders  that  steam  and  other  motive  agents  have  wrought, 
but  what  could  they  have  done  without  this  means  of  employing  them'] 
The  application  of  rotary,  in  place  of  other  movements,  is  conspicuous  in 
modern  machinery ;  from  that  which  propels  the  stately  steam  ship  through 
the  water,  and  those  flying  chariots  named  "  locomotives"  over  the  land, 
to  that  which  is  employed  in  the  manufacture  of  pins  and  pointing  of  nee- 
dles. It  is  by  this  that  the  irregular  motion  of  the  ancient  flail  and  primeval 
sieve,  have  become  uniform  in  thrashing,  bolti/ig  and  winnowing  machines; 
——hence  our  circular  saws,  shears  and  slitting  mills ; — the  abolition  of 
the  old  mode  of  spreading  out  metai  into  cheeis  with  the  hammer,  by 
the  more  expeditious  one  of  pasaing  it  through  rollers  or  flatting  mills  : — 
and  hence  revolving  oars  or  paddle  wheels  for  tne  propulsion  of  vessels — 
the  process  of  inking  type  ^^itn  rollers  in  place  of  hand  balls — rotary  and 
power  printing  presses — ^anc  revolving  machines  for  planing  iron  and 
other  metals  instead  of  the  ancient  practice  of  chipping  off  superfluous  por- 
tions with  chisels,  and  the  tedii»us  operation  of  smoothing  the  rurfaces 
with  flies. 

But  in  few  things  is  the  eflfect  of  this  change  of  motion  more  conspi- 
cuous than  in  the  modern  apparatus  for  preparing,  spinning  and  weaving 
vegetable  and  other  fibres,  into  fabrics  for  clotiiing.  The  simple  application 
of  rotary  motions  to  these  operations  has  in  a  great  deCTee  revolutionized 
the  domestic  economy  of  the  world,  and  has  increased  the  general  com- 
forts of  our  race  a  hundred  fold.  From  the  beginning  of  time  females 
have  spun  thread  with  the  distaff  and  spindle :  Naamah  tlie  antediluvian, 
and  Lachesis  and  Omphale  the  mythological  spmsters,  have  been  imi- 
tated in  tlie  use  of  these  implements  by  the  industrious  of  their  sex  in  all 
ages  and  countries  to  quite  mo'lern  days,  and  even  at  present  they  are 
employed  by  a  great  part  of  the  human  family.  In  India,  China,  Japan, 
and  generally  through  all  the  East,  as  well  as  by  the  Indians  of  this  htj- 
misphere,  this  mode  of  making  thread  is  continued :  the  filaments  aro 
drawn  from  the  distafl*  and  twisted  by  the  finger  and  thumb,  the  thread 
being  kept  at  a  proper  tension  by  a  metallic  or  other  spindle,  sus- 
pended to  it  like  the  plummet  of  a  builder's  level,  and  the  momentum  of 
which,  while  turning  round,  keeps  twisting  the  yam  or  thread  in  the 
interim  of  repeating  the  operation  with  the  fingers.*     The  thread  as  it  is 


■  There  are  mimeroas  allusions  in  history  tr.  this  primitive  mode  ofspinning,  that  are 
highly  illustrative  of  ancient  manners.  At  Uie  battle'  ofSalamis.  Queen  Artemisia  com- 
manded a  ship  in  the  Persian  fleet,  and  Xcmes,  as  a  compliment  to  her  bravery,  sent 
her  a  complete  suit  of  armor,  while  to  his  general  (who  was  defeated)  he  presented  a 
distaff  and  spindle.  When  Plicretine  applied  to  Euelthon  of  Cyprus  for  an  army  to  re- 
cover her  former  di^rnity  and  country,  he  intimated  the  impropriety  of  her  conduct  by 
sending  her  a  didtafTofwoo!  a>id  a  golden  sp'ndie.  Uerud.  iv,  162.  Hercules  attempted 
to  spin  in  the  presence  of  Cuiphale,  and  she  bantered  him  on  his  uncouth  ULinner  of 
boldtng  the  distalf.  Among  tlid  Greeks  am]  Romans.  u\e  r\te9  of  marriage  directed  the 
attention  of  women  to  spinning ;  a  distaff  a^o  hbece  were  the  emblems  and  objects  of 
the  housewife's  labors;  and  so  they  vcre  a-i?on^;  the  Jews — "A  virtuous  woman  [savb 
Solomon]  layeth  her  hands  to  the  spindle  and  her  hands  hold  tlie  distalf.*'  VVhon  1  ji- 
cretia  wa^  surprised  by  the  visit  of  Col  latin  us  and  his  companions  of  the  camp,  although 
the  night  was  far  advanced,  they  found  her  with  her  maids  engaged  in  spinning.  \ 
painting  found  in  Pompeii  represents  Ulysses  seated  at  his  own  gate,  and  concealed 
under  tiie  garb  of  a  beggar :  Penelope,  who  is  inquiring  of  the  siipposod  mendicant  fof 
tidings  of  her  husband,  holds  in  one  hand  a  spindle,  as  if  just  called  from  spinning.  On 
the  monuments  of  Beni  Hassan  botli  men  and  women  are  represented  spinring  and 
weaving.  Several  Egyptian  spindles  are  preser\ed  in  the  museums  of  Europe.  See 
an  ancount  of  a  female' in  Sardis  spinniug  while  going  for  water,  at  page  22. 
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formed  is  wound  round  the  s])indle.  In  1530  Jurgen  of  Brunswick  de- 
vised  a  machine  wliicli  dispensed  with  this  intermitting  action  of  the  fingers, 
L  e,  he  invented  the  spinning  w/ieelf  which  rendered  the  operation  of 
twisting  the  filaments  uniform.  The  wheel,  however,  like  the  primitive 
apparatus  it  was  designed  to  supersede,  produced  only  one  thread  at  a 
time ;  but  in  the  last  century  Hargreaves  produced  the  "  spinning  jenny," 
by  which  a  single  person  on  iurtii/ig  a  wheels  could  spin  eighty-four  threads 
at  once ;  then  followed  the  *•  rollers"  of  Arkwright,  the  "  mule"  of  Crompton, 
to  which  may  be  added  the  "  gin"  of  Whitney,  and  also  "carding  engines," 
in  place  of  the  old  hand  cards,  aH  composed  of  and  put  in  motion  by 
revolving  machinery  : — these  have  indefinitely  extended  the  spinning  of 
thread,  and  relieved  females  from  a  species  of  labor  that,  more  than  any 
other,  occupied  their  attention  from  the  beginning  of  the  world;  and  lastly 
•*  power  looms"  impelltd  by  water,  wind,  steam,  or  animals  (through  the 
agency  of  circular  movements)  are  rapidly  superseding  the  irregular  and 
alternating  motion  of  h.iman  hands  in  throwing  the  shuttle  to  and  fro. 

The  conversion  of  mierraltting  into  continuous  circular  movements  is 
also  obvious  in  anciei-t  devices  for  raising  Water.  The  alternate  action  of 
tlie  swape,  the  jantu  and  vibrating  gutti^r  thus  became  uninterrupted 
in  the  noria  and  tympanum — the  irregular  movement  of  the  cord  and 
bucket  became  uniform  in  the  chain  and  pots  ;  and  so  did  the  motion  of 
the  pitcher  or  pail  as  used  by  hand,  when  suspended  to  the  rim  of  a  Per- 
sian wheel.  And  when  the  construction  of  machines  did  not  allow  of  a 
suitable  chaTiffe  or  form,  they  wr  re  often  worked  by  cranks  or  other  simi- 
lar movements ;  (of  this  several  examples  arc  given  in  preceding  pages;) 
but  in  no  branch  of  the  arts  hds  this  preference  for  circular  movements 
o'er  straight  one?  he^n  so  signally  exhibited  as  in  the  numerous  rotary 
pumps  -Mia  steam  engines  that  have  been  and  still  are  brought  forward ; 
and  m  no  department  t»f  machinery  has  less  success  attended  the  change. 
Most  of  these  machines  that  have  hitheito  been  made  may  be  considered 
as  failures ;  this  result  is  consequent  on  th  ^  practical  difficulties  attending 
their  construction,  and  the  rendering  of  them  durable.  These  difficulties 
(wnich  will  appear  in  the  sequel)  are  to  a  certain  extent  unavoidable,  so 
that  the  prospect  of  superseding  cylindrical  pum^^s  and  steam-engines  is 
probably  as  remote  as  ever. 

At  an  early  stage  in  the  progress  of  the  ma  climes  last  named,  it  became 
u  desideratum  with  engineers  to  obtain  a  continuous  rotary  movement  of 
the  piston  rod  in  place  of  the  ordinary  rectilinear  and  reciprocating  one, 
that  the  huge  *•  walking  beam,"  crank  and  connecting  shaft  might  be  dw- 
pensed  witn,  the  massive  fly-wheel  either  e^rearly  recfuced  or  cibandoned, 
and  the  pcwer  saved  that  was  conaimried  in  ov»»'. coming  their  inertia  and 
friction  at  <*very  stroke  of  the  piston.  Reasoning  analogous  to  this  had 
long  before  led  some  old  mechanicians  to  convert  the  motion  of  the  com- 
mon pump  rod  into  a  circular  one ;  in  other  words,  to  invent  rotary  or 
rotatory  pumps.  By  these  the  power  expended  in  constantly  bringing 
all  the  water  in  the  cylinder  and  suction  pipe,  alternately  to  a  state  of  rest 
and  motion  was  saved,  because  the  liquid  is  kept  in  constant  motion  in 
passing  through  them.  The  steam  engine  was  not  only  originally  de- 
designed  as  a  substitute  for  pumps  to  raise  water,  but  in  all  the  variety  ot 
its  forms  and  modifications  it  hn^  retained  the  same  analogy  to  pumps  as 
these  have  to  bellows.  One  of  the  oldest  of  modem  rotary  Fteam  engines, 
that  of  Murdoch,  was  a  copy  of  an  old  pump,  a  figure  of  wVich,  No.  131, 
is  taken  from  Serviere's  collection. 

Two  cog  wheels,  the  teeth  of  which  are  fitted  to  work  accurately  into 
each  other,  are  enclosed  in  an  elliptical  case.     The  sides  of  tliese  wheels 
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him  close  to  those  of  the  case,  so  that  water  cannot  enter  between  them. 
The  axle  of  one  of  the  wheel*  is  continued  through  one  side  of  the  case, 
{which  is  removed  in  the  figure  to  show  the  interior,)  and  rhe  opening 
made  tight  l)y  a  stuffing  box  or  collar  of  leather.  A  crank  is  applied  to  the 
end  to  turn  it,  and  as  one  wheel  revolves, 
it  necessarily  turns  the  other;  the  direc- 
rion  of  their  motions  being  indicated  by 
the  arrows.  The  water  that  enters  the 
lower  part  of  the  case  is  swept  tp  the 
ends  by  each  cog  in  rotation,  and  as  it 
cannot  return  between  the  wheels  in  con- 
sequence of  the  cogs  being  there  always 
in  contact,  it  must  necessarily  rise  in  the 
ascending  or  forcing  pipe.  The  machins 
is  therefore  both  a  sucking  and  forcing 
one.  Of  rotary  pnmps  this  is  not  only 
one  of  the  oldest,  but  one  of  the  best. 
Fire  engines  made  on  the  same  plan  were 
patented  about  twenty-five  years  ago  ia 
England,  and  more  recently  pumns  of 
the  same  kind,  in  this  country,  Wehave 
seen  one  with  two  ellipllkal  wheels, 
^    ™  =         D        .       n  _j  which  were  so   geared    that  the   loneer 

axis  of  one  wheel  might  coincide  (m  one 
position)  with  the  short  on©  of  the  other.  Sometimes  a  groove  is  made 
along  the  face  of  each  cog,  and  a  strip  of  leather  or  other  packing  ee 
cured  in  it. 

The  pump  figured  above  is  believed  to  have  been  known  long  before 
S^rvierc'a  time,  a  model  of  it,  as  of  other  interesting  machines,  having 
been  placed  in  his  museum  without  regard  to  its  origin.  Ramelli  is  said 
lo  have  dcacril-ed  some  similar  ones  m  the  middle  of  the  ICth  century. 
but  we  have  not  been  able  to  procure  a  copy  of  his  book.  The  suction 
pipe  in  the  preceding  figure  has  been  added.  In  the  original  the  water 
entered  directly  tlirough  the  bottom  of  the  case  :  the  model  was  probably 
GO  made  thai  part  of  the  wheels  might  be  visible,  and  the  construction  and 
operation  of  tne  machine  more  easily  comprehended. 

Serviere  was  a  French  gentleman,  bom  at  Lyons  in  1593.  Indepen- 
dent in  his  circumstances,  and  inclined  to  mechanical  researches,  he  was 
led  to  establish  a  cabinet  of  models  of  rare  and  curious  machines — of 
these  some  were  invented  by  himself  and  displayed  uncommon  ingenuity. 
It  does  not  appear  that  any  account  of  the  whole  was  ever  published  ;  a 
pan  only  being  included  in  the  small  volume  editea  '"ly  his  grandson,  the 
title  of  which  we  hiive  given  at  the  foot  of  page  63.  Ti.'t  work  is  divided 
into  three  parts:  the  first  i-elates  to  figures  formed  in  the  lathe,  as  spheres, 
cubes,  ellipses,  &c. ;  some,  being  hollow  and  containing  others  within 
them,  tike  Chinese  balls,  are  extraordinary  specimens  of  workmanship. 
There  are  also  vases,  urns,  &c.  not  only  round  and  elliptical,  liut  angular, 
■o  the'  not  only  were  the  oval  and  eccentric  chucks  known  tc  S^rvierw, 
but  the  lathe  for  turning  irregular  surfaces  appears  to  have  been  used  by 
him.  The  second  part  contains  an  account  of  clocks  all  made  by  himself, 
the  niechanism  of  which  is  exceedingly  ingenious.  Some  are  moved  by 
springs,  others  by  weights,  waier,  sand,  &c.  They  arc  fully  equal  to  an\ 
thing  of  the  kind  at  the  present  day  :  indeed  that  beautiful  device  by 
which  a  small  brass  ball  is  made  to  traverse  backwards  and  forwards  across 
an  inclined  plane,  which  still  retaiiis  a  place  ntnontr  mantel  clocks,  is  one 
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of  S^rviere*8,  besides  several  modifications  of  it  equally  interesting.  One 
baif  of  the  third  part  is  occupied  with  descriptions  of  machines  for  raising 
water :  these  consist  of  gutters,  swapes,  cham  of  pots,  gaining  and  losing 
buckets,  norias,  tympanums  and  other  wheels ;  and  lastly,  pumps,  among 
which  is  the  rotary  one  figured  above.  Breval,  in  his  "  Remarks  on  Eu- 
r  >pe,"  part  ii,  page  89,  mentions  several  machines  in  Sei'vicre's  "  famous 
cabinet  of  mechanicks"  that  are  not  noticed  in  the  volume  published  by 
his  ffra.-dson ;  while  others  are  inserted  that  were  not  invented  till  after 
his  death,  as  Du  Fay's  improvement  on  the  tympanum, 

Roiary  pumps  may  be  divided  into  classes  according  to  the  forms  of 
and  methods  of  working  the  pistons,  or  those  parts  that  act  as  such  :  and 
according  to  the  various  modes  by  which  the  hutment  is  obtained.     It  is 
this  last  that  receives  the  force  of  the  water  when  impelled  forward  by 
the  piston ;  it  also  prevents  the  liquid  from  being  swept  by  the  latter  en- 
tirely round  the  cylinder  or  exterior  case,  and  compels  it  to  enter  the  dis- 
charging pipe.     In  these  particulars  consist  all  the  essential  diffierences 
in  rotary  pumps.     In  some  the  butments  are  moveable  pieces  tliat  are 
made  to  draw  back  to  allow  the  pist»n  to  pass,  when  they  are  again 
protruded  till  its  return ;  in  others,  they  are  fixed  and  the  pistons  them- 
selves give  way.     It  is  the  same  with  the  latter ;  they  are  sometimes  per- 
manently connected  to  tlie  axles  by  which  they  are   turned,  and  some- 
times they  are  loose  and  drawn  into  recesses  till  the  butments  pass  by. 
Iti  another  class  the  pistons  are  rectangular,  or  other  shaped,  pieces  that 
turn  on  centres,  something  like  the  vanes  of  a  horizontal  wmd  mill,  sweep- 
ing tlie  water  with  their  broad  faces  round  the  cylindrical  case,  till  the^ 
approach  that  part  which  constitutes  the  butment,  when  they  move  e6^o 
ways  and  pass  through  a  narrow  space  which  they  entirely  fill,  and  thereby 
prevent  any  water  passing  with  them.  In  other  ptunps  ibe  butment  is  ob- 
tained by  the  contact  of  the  peripheries  of  two  wheels  or  cylinders,  that 
roll  on  or  rub  against  each  other.     No.  131  is  of  this  kind — while  the 
teeth  in  contact  with   the  ends  of  the  case  act  a^  pistons  in  driving  the 
water  before  them,  the  others  are  fitted  to  work  so  closely  on  each  other 
as  to  prevent  its  return.     The  next  figure  exhibits  another  madificanion  of 
the  same  principle. 

In  1S25  Mr.  J  Eve,  a  citizen  of  the  United  States,  obtained  t  patent 
in  England  for  a  rotary  steam-engine  and  pump.  No.  132  will  serve  to 
explain  its  application  to  raise  water.  Within  a  cylindrical  case  a  solid  or 
hollow  drum  A  is  made  to  revolve,  the  sides  of  which  ai'e  fitted  to  move 
close  to  those  of  the  case.  Three  projecting  pieces  or  pistons,  of  the  same 
width  as  the  drum,  are  secured  to  or  cast  on  its  periphery  ;  chey  are  at 
equal  distances  from  each  other,  and  their  extremities  sweep  close  round 
the  inner  edge  of  the  case,  as  shown  in  the  figure.  The  periphery  of  the 
drum  revolves  in  contact  with  that  of  a  smaller  cylinder  B  from  which  a 
portion  is  cut  off  to  form  a  groove  or  i^cess  suthciently  deep  to  receive 
within  it  each  piston  as  it  moves  past.  The  diameter  of  the  small  cy- 
linder is  just  one  third  that  of  the  drum.  The  axles  of  both  are  continued 
through  one  or  both  sides  of  the  case,  and  the  openings  made  tight  with 
stufifing  boxes.  On  one  end  of  each  axle  is  fixed  a  toothed  wheel  of  the 
same  diameter  as  its  respective  cylinder ;  and  these  are  so  geared  into 
one  another,  that  when  the  crank  attached  to  the  drum  axle  is  turned,  (in 
the  direction  of  the  arrow,)  the  groove  in  the  small  cylinder  receives  suc- 
cessively each  piston  ;  thus  aff()rding  room  for  its  passage,  and  at  the  eanie 
time  by  the  contact  of  the  edge  of  die  piston  with  its  curved  part,  prevent- 
ing water  from  passing.  As  the  machine  is  worked  the  water  that  en- 
ters the  lower  part  of  the  pump  through  the  suction  pipe,  is  forced  round 
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iihiE'.  ':  *aA  compelled  to  ri*e  in  the  discharging  one,  u  indicated  hj  the  arrows. 

lur.f  Otiier  pumps  of  tiie   same  class  have  such  a  portion  of  llie   small  cjUc- 

j.'ii] . ...  der  cut  off,  that  the  concave  surface  of  the  remainder  forms  a  continuation 

![>,,  IT.  of  the  cose  in  front  of  the  recess  while  tlie  pistons  arc  passing ;   onG  Jiei 

)>•":.'  by  «  similar  movement  as  that  used  in  tlie  figure  described,  the   cunvri 

,'"-  part  is  brought  in  contact  with  the  periphery  of  the  druni  till  the  piston's 

[,. .-  All  rotary  pumps  are  1>oTh  sucking  and  forcing  machines,  and  are  gene- 
rally furnislied  with  valves  in  both  pi|>es,  as  in  the  orditiiiry  forcing  pumps. 

i;-;:  The  butmeiits  ore  always  placed  between  the  a|>ortureB  of  the  suckmg 

,\--;  and  forcing  pipes.                                 , 


No.  131.  No.  133. 

There  is  another  class  of  pumps  thit  bears  son>e  relationship  to  the  pre- 
\.t:  (ing — the  eliiat  bmncli,  we  believe,  of  the  same  family.  One  of  these  is 
fisiired  in  the  133rd  illustration:  the  butmeut  coniiists  of  a  curved  llapthat 
Cains  on  a  hinge  ;  it  is  so  arinnged  as  to  be  received  into  a  recess  tbrmed 
Lnd  into  which  it  is  forced  by  the 
_  is  of  the  same  curve  as  the  rim  of 
the  case,  and  when  pushed  back  forma  n.  jvnrt  of  it.  Its  width  ia,  of 
course,  equal  to  that  of  the  drum,  against  the  nm  of  which  its  lower  edge 
M  presaeo  ;  this  is  effected  in  some  puinpa  bv  isprings,  in  others  by  cams 
cog  whecla,  &c.,  fixed  on  the  axles,  as  in  the  last  one.  I'he  force  by 
which  the  flap  Id  ur^cd  against  the  drum  must  exceed  the  pressure  ol 
tlie  liquid  column  in  the  discharging  pipe.  The  semicii-cular  pieces  on  the 
outer  edge  of  the  caae  reprewint  ears  for  securing  tlie  pump  to  planks  or 
frames,  &c.,  when  ii>  use.  The  arrows  in  the  figures  show  the  dii-ection 
in  which  the  piston  and  water  is  moved. 

Such  macliines  have  often  been  patented,  both  as  pumps  and  stecuu- 
endnes.  In  1782  Mr.  Watt  tlius  secured  a  "rotative  engine"  of  this  kind, 
and  in  1797  Mr.  Cartwright  inserted  in  the  s|M>cification  of  his  metallic  pis- 
ton a  descnpcioji  of  another  similar  to  Watt's,  except  that  the  case 
had  two  flaps,  and  three  pistons  were  formed  on  the  druk-i.  In  1S18  Mr. 
lloutledee  patented  another  with  a  single  flap  and  piston,  (Rep.  of  Arts, 
vol.  xxxiii,  Sd  scries  ;)  but  the  principle  or  prominent  feature  in  all  these 
had  been  applied  long  before  by  French  mechanicians.  Nenrlv  a  hun- 
dred years  before  the  date  of  Watt's  patent,  AvionUnu  communicated 
M  the  French  Academy  a  descriinion  of  a  rotary  pump  substantially  the 
i>iiine  vt*  represented  in  the  lust  figure.  It  is  figured  and  described  in  the 
hrA  volume  of  Machint*  Ajijiroitr.  p.  103  :  the  liody  of  the  pump  or  cose 
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is  a  short  cyliniiei,  but  the  piston  ia  elliptical,  its  transverse  Jiameter  he- 
ei)ual  to  [hat  of  the  cylinder,  hence  it  performed  ihe  pan  of  two  pistons 
?Tp  are  also  two  flaps  on  opposite  sides  of  the  cylinder.  A  pump  noi 
unlikfi  this  of  Amontons,  with  an  ellijjtica!  case,  is  described  in  vol.  iv, 
of  Nicholson's  PhU.  Journal  466,  Several  similar  ones  have  since  beea 
proposed. 

In  other  pumps  the  flaps,  instead  of  acting  as  hutments,  are  made  to 
perform  the  part  of  pistons  ;  this  is  done  by  hinging  rhem  on  the  rim  o( 
thfi  drum,  of  which,  when  closed,  they  also  form  a  part:  they  are  clowd 
hv  passinf  under  a  permanent  projecting  piece  or  butment  that  estlend) 
from  the  case  to  the  drum. 

In  No,  131  the  butment  is  movable  A  solid  wheel,  formed  into  three 
rni:ii)  wings  that  act  as  pistons,  is  tum.ed  round  wilhjn  a.  cylindrical  case. 
Tr.e  butinent  B  is  a  piece  of  metal  whose  width  is  equal  to  the  thickness 
of  the  win^,  or  the  interior  breadth  of  llie 
cyhndcr :  it  is  madi  to  shde  through  « 
stuffing  box  on  the  toi  .if  the  case,  and  by 
its  weight  to  deECr^nd  and  rest  upon  the 
wings.  Its  upper  part  terminates  in  a  rod, 
which,  passing  between  two  rollers,  pre- 
serves it  in  a  perpepJicular  position.  As 
the  wheel  is  turned,  the  point  of  each 
wing,  (like  the  cogs  of  the  wheels  in 
No.  131,)  pushes  before  it  the  water  thst 
enters  the  lower  part  of  the  cylinder,  and 
drives  it  through  the  valve  into  the  axceni]- 
ing  pipe  A  :  at  the  same  time  the  butment 
is  gntaually  raised  by  thp  curved  surface  of 
tbp  wing,  and  as  snon  as  the  end  of  the  lat- 
ter passes  under  it,  the  load  on  the  rod 
causes  it  instB^tly  to  do«ecnd  upon  the  nest 
one,  which  in  its  turn  produces  tlie  sanie 
effect.  This  pump  is  as  old  as  the  IGih 
century,  and  probably  was  known  raucb 
Ns.  i:i4.  Kmaiv  PuEp  iiiiicisik  ea'lier.  Besides  the  defects  common  to 
""'"'''  most  of  its  species,  it  has  one  peculiar  to 

itself: — as  the  I-utineiit  must  be  loaded  with  weights  sufHcient  to  overcome 
the  pressure  ol'  'he  'iijuid  column  over  the  valve,  (o!herwise  it  would  itself 
be  raised  and  the  wnter  would  escape  beneath  it;}  the  power  to  work  this 
pump  is  therefore  more  than  double  the  amount  which  the  water  forced 
up  rei]uires.  The  instrument  is  interesting,  however,  as  affording  an  II- 
luBtration  of  the  early  use  of  the  sliding  valve  and  stuffing  box  ;  and  as 
containing  some  of  the  elements  of  recent  rotary  pumps  and  Eteam-cngines. 
The  pump  represented  by  No.  135  consists  also  of  an  exterior  case  or 
short  cyhnder  within  which  a  small  and  solid  one  A  is  made  to  revolve.  To 
the  last  an  arm  or  piston  is  attached  or  cast  in  one  piece  with  it,  the 
sides  and  end  of  which  are  fitted  to  bear  slightly  against  the  sides  and  rim  in 
the  case.  A  butment  B  B  slides  backwards  and  forwards  through  a  stuffing 
box,  and  is  so  arranged  (by  means  of  a  cam  of  other  contrivance  connected 
to  the  axle  of  the  small  cylinder  on  the  outside  of  the  case)  that  it  can  he 
pushed  into  the  interior  as  in  the  figure,  and  at  the  proper  'ime  he 
drawn  bock  to  afford  a  passage  for  the  piston.  Two  openings  near  each 
other  are  made  ihrough  the  case  on  opposite  sides  of  B  B,  and  lo  these  tlie 
suction  and  forcing  pipes  are  united.  Thus  when  the  piston  is  Moved 
in  the  direction  of  the  arrow  on  the  small  cylinder,  it  pushes  the  v^'atet 
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before  it,  a  id  the  vaout^  farmed  behind  is  instantly  lilloil  with  tn'fih  por- 
dona  driven  up  the  suction  pipe  by  the  atmosphere ;  and  when  tlio  jiiiwnn 
in  its  course  descer-ls  pa«t  B  B  it  sweeps  this  water  up  the  same  wny. 
Rramah  and  L-.'ck.en3cn  ac^'ptcd  a  modification  of  this  machine  iti  17!}0,ii« 
k  steam-engine  and  also  u  ^  rump.     Rep  of  Arts,  vol.  ii,  73. 


No.  136  represents  another  rotary  engine.  A  figure  of  it  is  insei-ted  ."iit 
ntther  because  it  was  reinvented  here  a  few  years  ago  by  a  mechanic  who 
u  as  greatly  distressed  on  finding  that  he  had  ^-een  anucinated.  A  notice  of 
it  may '.herefore  prevent  others  from  exp^nencing  a  similar  disappoint- 
ment. Jiike  mcML  others  it  consists  of  two  cnncentnc  cylinders  or  drums, 
the  annular  space  between  them  forming  the  pump  chamber ;  but  the 
inner  ot.^,  ir>stead  of  revolving  as  in  the  precoding  figures,  is  immovable, 
being  fijsd  to  the  sides  of  the  outer  one  or  lase.  The  piston  is  a  rectan- 
gular anU  loose  piece  of  brass  or  other  metal  accurately  fitted  to  occupy 
uiid  move  in  the  spaci  between  the  two  cylinders.  To  drive  the  piston, 
Kud  at  the  sa:ic  time  to  form  a  butment  between  the  orifices  of  the  induc- 
aon  and  eduction  pipes,  a  third  cylinder  is  employed  to  which  a  revolving 
motion  is  imparted  by  a  crank  and  axle  in  the  usual  way.  This  cylinder  is 
o  the  others,  and  is  of  such  a  diameter  and  tliicki 


I'irfaces  touch  the  inner  and  outer  cylinders  as  repre- 
sented in  the  cut,  the  places  of  contact  preventing  water  frnm  passing  : 
a  alit  or  groove  equal  i>i  width  to  the  thickness  of  the  piston  is  made 
through  its  periphery,  intvt  which  slit  the  piston  is  placed.  When  turned  in 
the  direction  of  the  large  arrow,  the  water  in  the  lower  part  of  the  pump 
is  8<vept  round  and  forced  uj  the  rising  pipe,  and  the  void  behinc  the 
piston  is  agiin  filled  by  water  f^om  the  reservoir  into  which  the  iower 
pipe  is  inserted-  This  machin  was  originally  designed,  like  most  rotary 
pumps,  for  ft  steam  engine.  It  was  patented  in  England  by  Mr,  John 
Trotter,  of  London,  in  1805,  and  is  described  in  the  Repertory  of  Arts, 
vol.  ix,  2d  series.  As  a  matter  >1  :oui*se,  he  contemplated  its  application 
to  raise  water : — "  The  said  eneins  [he  observes]  may  be  used  to  raise 
or  give  motion  to  fluids  in  any  direction  whatever." 

In  others  the  pistons  slide  within  a  revolving  cylinder  or  drum  that  ia 
concentric  with  the  exterior  one.  No.  137  is  a  specimen  of  a  French 
putnp  of  this  kind.  The  butment  in  the  form  of  a  segment  is  secured  to 
the  inner  circumference  of  the  case,  and  the  drum  turns  against  it  at  the 
eenP^  of  the  chord  line;  on  both  sides  of  the  place  of  contact  it  is  curved  to 
tb«  extremitiei)  of  the  arc,  and  the  sucking  and  forcing  pipes  communicate 
37 
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with  the  pump  thiuugh  it,  u  represented  in  the  figu.'<j.  To  Jie  centre  of 
one  or  both  enda  of  the  case  n  screwed  fast  a  thick  Ti.ece  of  brass  whuM 
outline  resembles  that  of  the  letter  D :  the  flattened  side  u  place<!  towards 
the  buitiif-nt  and  Is  so  formed  that  the  same  distance  is  preser^ftf  between 
it  and  tlij  opposite  parts  of  thebutment,as  between  Its  convex  efface  and 
the  rim  of  the  case.  The  pistons,  as  in  the  laat  5gure.  are  tectanrulnr 
pieces  of  6tout  metal,  and  are  droppo "  into  sli.3  lauie  "J-j-.ugh  the  riir  of 
the  drum,  their  length  being  equal  *.;  lat  of  ihe  cjiBe,  and  their  widtli  to 
the  dbtance  between  its  run  an^  t'je  D  piece.  TTiey  are  moved  by  a 
crunk  attached  to  the  drum  axle.  To  lessen  the  fnction  and  com^iensaie 
for  the  wear  of  the  hutment,  thai  j-»n  of  the  latter  against  which  the  drmi] 
turns  is  soracumes  made  hollow  :  %  piece  of  brass  is  let  into  it  and 
pressed  against  the  periphery  of  ie  drum  by  a  spring. 


In  Ko.  13S  the  axis  v(  the  drum  or  i^mailer  cylinder  is  so  placed  as  'o 
jause  its  periphery  to  rub  igBJnst  the  inner  circumTerence  of  the  case. 
Two  rectangular  pistons,  whose  length  are  equal  to  the  internal  diaroii- 
ter  of  the  case,  cross  each  other  at  right  angles,  being  notched  so  as  to 
allow  them  to  slide  backwards  and  forwards  to  on  extent  equal  to  the 
widest  space  between  the  two  cylinders.  The  case  cl'  this  pump  is  not 
perfectly  cylindrical,  but  of  such  a  form  that  the  four  ends  of  the  pistons 
are  always  Jn  contact  with  it.  An  axlo  on  the  drum  is  moved  hy  a  crank. 
This  pump,  and  another  similar  to  it,  were  dcsciibed  in  Bramah  and 
Dickenson  s  oatcnt  for  three  rotative  tleam-ettf  atfi  in  1790.  Rep.  of  Arts, 
vol.  ii,  35.      Fire  engines  have  been  made  on  the  same  principle. 

Another  class  of  rotary  pumos  have  their  pistons  miidc  somewhat  like 
the  vanes  of  wind  raill.i.  They  wore  originally  desigr-ed  *3  o'-etra-cncinee, 
and  were,  if  we  mistake  not,  firot  inu-oduced  oy  Komblower,  in  thn  latter 
part  of  the  last  century.  He  eraploved  four  revolving  vanes  which  were 
tiu  arranged  that,  while  one  pasacd  edgeways  through  a  narrow  cavity 
which  it  ^lled,  the  cpposlte  one  presented  its  face  to  the  action  of  th« 
rteam.  These  mac'.::-e3  C3.ve  been  variously  modified  as  pumps,  but  z^ 
nerally  speaking  they  are  mere  complex  and  of  course  more  liable  10  de- 
rangement than  others  :  \7  3  l.^ve  knov-n  two  of  them,  fifteen  inches  dia- 
meter and  apparently  we'd  made,  (at  a  cost  of  150  dollars,)  which  a  friend 
used  to  force  water  lo  an  elevation  of  twenty  feet,  become  deranged,  and 
thrown  aside  as  useless  in  the  course  of  three  or  four  weeks. 

A  centrifugal  farcing  pump  may  l>e  made  by  enclosing  the  arms  of  Hn 
atmiisphevic  one,  (such   as   r^presemed   at  Na.'S5,  page  229,)  in   a  clofc 
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drum  or  case,  to  which  on  ascending  or  forcing  pipe  is  attached:  tho 
water  would  rise  through  tlie  pipe,  provided  the  velocity  of  the  arms  was 
increased  according  to  the  elevation  of  its  discharging  orifice.  In  place  of 
tubular  arms,  two  or  more  vanes  radiating  from  a  vertical  axis  and  turned 
rapidly  in  the  case  would  produce  tlie  same  efifect;  the  suction  pipe 
being  connected  to  the  bottom  at  the  centre  and  the  forcing  pipe  to  the 
rim  or  the  top.  Such  pumps  are  in  their  construction  simpler  than  other 
rotary  ones,  besides  which  no  particular  accuracy  is  required  in  fitting 
their  working  parts ;  nevertheless,  they  are  as  liable  to  derangement  as 
others,  for  the  velocity  required  to  be  given  to  the  arms  is  so  great,  that 
the  teeth  of  the  wheels  and  pinions  by  which  motion  is  transmitted  to  them 
are  soon  worn  out. 

Centrifugal  pumps  like  those  just  described  have  been  tried  as  substi- 
tutes for  paddle  wheels  of  steam-vessels :  t.  e.  the  wheels  were  con- 
verted into  such  pumps  by  inclosing  them  in  cases  made  air-tight,  except 
at  the  bottom  through  which  the  ends  of  the  paddles  slightly  projected  ; 
a  large  suction  pipe  proceeded  from  one  side  of  each  case  (near  its  cen- 
tre)  through  the  bows  of  the  vessel  and  terminated  below  the  water  line : 
by  the  revolution  of  the  wheels  water  was  drawn  tlirough  these  tubes  into 
the  coses  and  forcibly  ejected  below  in  the  direction  of  the  stern,  and  by 
the  reaction  moved  the  vessel  forward. 

It  must  not  be  supposed  that  the  preceding  observations  include  an  ac- 
count of  aH  rotary  pumps.  We  have  only  particularized  a  few  out  of  a 
great  multitude,  such  as  may  serve  as  types  of  tlie  various  classes  to  which 
they  belong*  Were  a  detailed  description  given  of  the  numerous  forms 
of  these  machines,  modes  of  operation,  devices  for  opening  and  closing  the 
valves,  moving  the  pistons,  diminishing  friction,  compensating  for  the  wear 
of  certain  parts,  for  packing  the  pistons,  &c.  &c.,  those  readers  who  are 
not  familiar  with  their  history  would  be  surprised  at  the  ingenuity  dis- 
played, and  would  be  apt  to  conclude  that  all  the  sources  of  mechanical 
combinations  had  been  exhausted  on  them.  We  would  advise  every 
mechanic  who  thinks  he  has  discovered  an  improvement  in  rotary  pumps, 
carefully  to  examine  the  Repertory  of  Arts,  the  Transactions  of  the  So- 
ciety of  Arts,  the  London  Mechanics'  Magazine,  and  particularly  the 
Journal  of  the  Franklin  Institute  of  Pennsylvania,  before  incurring  the 
expenses  of  a  patent,  or  those  incident  to  the  making  of  models  and 
experiments. 

Kotary  pumps  have  never  retained  a  permanent  place  among  machines 
for  raising  water :  they  are,  as  yet,  too  complex  and  too  easily  deranged 
to  be  adapted  for  common  use.  Theoretically  considered  they  are  per- 
fect machines,  but  the  practical  difficulties  attending  their  construction 
have  hitherto  rendered  them  (like  rotary  steam  engines)  inferior  to  others. 
To  make  them  efficient,  their  working  parts  require  to  be  adjusted  to  each 
other  with  unusual  accuracy  and  care,  and  even  when  this  is  accomplished, 
their  efficiency  is,  by  the  unavoidable  wear  of  those  parts,  speedily  dimi- 
nished or  destroyed  :  their  first  cost  is  greater  than  that  of  common  pumps, 
and  the  expense  of  keeping  them  in  order  exceeds  that  of  others ;  they 
cap.not,  moreover,  be  repaired  by  ordinary  workmen,  since  peculiar  tools 
are  required  for  the  purpose — a  farmer  might  almost  as  well  attempt  to 
repair  a  watch  as  one  of  these  machines.  Hitherto,  a  rotary  pump  ha«? 
been  like  the  Psalmist's  emblem  of  human  life  : — "  lis  days  are  as  grass, 
as  a  flower  of  the  field  it  flounsheth,  the  wind  [of  experience]  passeth 
over  it,  and  it  is  gone.**  Were  we  inclined  to  prophecy,  we  should  pre- 
dict that  in  the  next  century,  as  in  the  present  one,  the  cylindrical  pump 
win   retain  its  preeminence  over  al]  others  ;  and  that  makers  of  the  ordi 
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nary  wooden  ones  wil  ihen,  as  now,  defy  all  attempts  to  Bupewede  the 
object  of  their  manufatture. 

Keciprocatinu  botarv  puhpd  : — One  of  the  obstacles  to  be  OTercome 
the  passage  of  the  piston  over  the  butmenl, 
e  space  it  occupies.  The  apparatus  for  moving'  the  hutment  a: 
n  approaches  to  or  recedes  from  it,  adds  to  the  complexity  of  the 
;  nor  is  this  avoided  when  that  part  is  fixed,  for  an  equivalent 
It  is  then  required  to  be  given  to  the  piston  itself  in  addition  tc 
its  ordinary  one.  In  reciprocating  rotary  pumps  these  difficulties  are 
avoided  by  stopping  the  piston  when  it  arrives  at  one  side  of  the  butment 
and  then  reversing  its  motion  towards  the  other;  hence  these  are  less  com- 
plex than  the  former ;  they  are,  however,  liable  to  some  of  the  same  objec- 
tions, being  mo/e  expensive  than  common  pumps,  more  difficult  to  repair, 
and  upon  the  whole  'less  durable.  Their  varieties  may  be  included  in 
two  classes  according  to  the  construction  of  the  pistons  ;  those  that  are 
furnished  with  valves  forming  one,  and  such  as  have  none  the  other.  The 
range  of  the  pistons  in  these  pumps  varies  greatly;  in  some  the  arc  des- 
cribed by  them  does  not  exceed  90°,  while  in  others  they  make  nearly  a 
con^ilete  revolution.  They  are  of  old  date,  various  modifications  of  them 
having  been  proposed  in  the  16th  century.  No,  139  consists  of  a  close 
case  of  the  form  of  a  sector  of  a  circle,  having  an  opening  at  the  bottoni 
for  the  admission  of  water,  and  another  to  which  a  forcing  pipe  with  its 
valve  is  attached.  A  movable  radius  or  piston  is  turned  on  a  centre  by 
a  lever  as  represented ;  thus,  when  the  latter  is  pulled  down  towards  the 
left,  the  former  didve«  the  contents  of  die  case  through  the  valve  in  tha 
ascending  pipe. 


Belidor  has  descnbed  a  similar  pump  in  the  first  volume  of  his  Arcb. 
Hydraiil.  379.  The  case  is  a  larger  portion  of  a  circle  than  that  of  No. 
139,  and  the  piston  is  ^mished  with  a  valve.  A  pump  on  the  some  prin- 
ciple was  adopted  by  Bramah  as  a  fire-engine  in  1793  ;  His  was  a  short 
cylinder,  to  the  movable  axle  of  which  two  pistons  were  attached  that 
extended  quite  across,  and  had  an  opening  covered  by  a  clack  in  each. 

No.  140  consists  of  a  short  horizontal  cylinder  ;  a  portion  of  the  lower 
part  is  separated  from  the  rest  by  a  plate  where  the  suction  pipe  termi- 
nates in  two  openings  tha:  are  covered  by  clacks  c  c.     The  partition  A 


Cftap.  6.]        Appltcatian  of  Pumjn  in  Modem  Water-works.  893 


CHAPTER    VT. 

AKPLiCATioif  of  punpi  III  iRod«rii  wftter-workc!  Fint  UMd  by  the  Germanv^- Water  works  at  Avga- 
bur; h  and  Bremen — Singular  android  in  the  latter  city — Old  wator-workK  ai  Toledo— At  I^ndon  bridge 
-"Other  London  works  moved  by  horses,  water,  wind  and  steam — Water  engine  at  Exeter— Water 
works  erected  on  Pont  Near  and  Pout  Notre  Dame  at  Paris — Celebrated  «orkN  nt  Uarii — Error  of  Rau- 
ncqiiin  in  making  them  unnecessarily  compleit;  American  water-works:  A  luKtory  of  thein  desirable— 
Imrodnction  of  pumps  into  wells  in  New-York  city— BxtraeU  from  the  minutes  of  the  Common  Council 
prevKMU  to  the  war  of  Independence— Public  water-works  proposed  and  commenced  in  1774 — Trea< 
•itry  iioiee  issued  to  meet  the  ezponsa— Copy  of  on»— Manhattan  Company- -Water -works  at  Fair 
iI«vot,  Philadelphia. 

Beporf.  noticing  another  and  a  different  class  of  machines,  we  propose 
to  occupy  this  and  the  two  next  chapters  with  observations  on  the  em- 
ployment of  pumps  in  "  water-works,"  and  as  engines  to  extinguish  fires 
— ^both  in  this  country  and  in  Europe. 

The  hydraulic  machinery  for  supplying  modem  cities  with  water  gene- 
rally consists  of  a  series  of  forcing  pumps  very  similar  to  the  machine  of 
Ctesibtus,  (No.  120 ;)  and  when  employed  to  raise  water  from  rapid 
streams,  or  where  from  tides  or  dams  a  sufficient  cuiTent  can  be  obtained, 
are  worked  like  it  by  under  or  by  overshot  wheels  An  account  of  old 
European  water-works  is  an  important  desideratum,  for  it  would  throw 
light  on  the  history  of  pumps  in  the  middle  ag'cs,  during  which  little  or 
nothing  i-especting  them  is  known.  The  older  cities  of  Grermany  were  the 
first  in  modern  days  that  adopted  them  to  raise  water  for  public  purposes 
but  of  their  construction,  materials,  and  application  rnder  various  circum 
•mcccFv  we  have  no  information  in  detail.     Rivius,  in  his  Commentary  or 


extends  through  the  entire  length  of  the  cylinder  and  is  made  air  and 
water  tight  to  both  ends,  and  also  to  the  plate  upon  which  its  loM  er  edge 
rests.  The  upper  edge  extends  to  the  under  side  of  the  axle  to  which 
the  piston  B  is  united.  One  end  of  the  axle  is  passed  through  the  cylin- 
der and  the  opening  made  tight  by  a  stufRng  box  ;  it  is  moved  by  a  crank 
or  lever.  Near  the  clacks  c  c  two  other  openings  are  made  through  the 
plate,  to  which  two  forcing  pipes  are  secured.  These  tubes  are  bent 
round  the  outside  of  the  cylinder  and  meet  in  the  chamber  C  where  their  , 

orifices  are  covered  by  clacks.  Thus  when  the  piston  is  turned  in  either 
direction,  it  drives  the  water  before  it  through  one  or  other  of  these  tubes ; 
at  the  same  time  the  void  left  behind  it  is  kept  filled  by  the  pressure  of 
the  atmosphere  on  the  surface  of  the  liquid  in  which  the  lower  orifice  of 
the  suction  pipe  is  placed.  The  edges  of  the  pistons  are  made  to  work 
close  to  the  ends  and  rim  of  the  cyhnder  by  means  of  strips  of  leather 
screwed  to  them.  Modifications  of  these  pumps  have  also  been  used  in 
England  as  fire-engines. 

'  Keciprocaung  rotary  pumps  have  sprung  up  at  different  times  both  here 
an<i  in  Europe,  and  have  occasionally  obtained  *'  a  local  habitation  and  a 
name,"  but  have  never  become  perfectly  domesticated,  we  believe,  in  any 
country.  We  have  seen  some  aesigncd  for  ordinary  use  that  were  ele- 
gantly finished,  and  decorated  with  gilding  and  japan — they  resembled 
those  exotic  plants  which  require  peculiar  cai-e,  and  are  rather  for  orna- 
ment than  for  use. 

Recipro-  -ating  rotary  pumps  have  also  been  proposed  as  steam-engincg. 
Wat:  patented  one  in  1782. 


I 
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the  nachine  of  Ctesibius,  p.peak.a  of  pumps  worked  by  wafer  wheeJs  as 
then  {lommL*'..  (A.  D.  1543;  The  hydraulic  engines  xnAv^sburgh  were 
at  one  linie  greatly  celebr'^.ted.  They  are  mentioned,  but  not  described, 
by  Misson  and  other  travelers  -if  the  17th  century.  They  raised  the  water 
130  feet.  Blainville,  in  1705,  speaks  of  them  as  among  the  curiosities  of 
the  city.  He  observes — "  The  towers  which  furnish  water  to  this  city  are 
also  f  urious.  They  are  near  the  2:ate  called  the  Red  Port,  upon  a  branch 
of  tliii  Leek  which  nms  through  tiie  city.  Mills  which  ^o  day  and  nig/iJ;, 
by  means  of  this  torrent,  wo;  k  a  great  many  pumps,  which  raise  water  in 
lai^Q  leaden  [)ipes  to  the  highest  story  in  these  towers.  In  the  middle  of 
a  chamber  on  each  of  them,  which  is  very  neatly  and  handsomely  ceil- 
mg*d,  is  a  reservoir  of  a  hexagonal  figure,  into  which  the  water  is  earned 
by  a  large  pipe,  the  extremity  of  which  is  made  like  a  dolphin,  and  through 
an  urn  or  vase  held  by  a  statue  sitting  in  the  middle  of  the  reservoir. 
One  of  these  towf^rs  sends  water  to  all  the  public  fountains  by  smaller 
pipes,  and  the  three  others  sup})ly  with  water  a  thousand  houses  in  the 
city  ;  each  of  which  pays  about  eight  crowns  yearly,  and  receives  a  hun- 
dred and  twenty  pretty  large  measures  of  water  every  hour."  l*ruveU, 
vol.  i,  «>50.  Misson's  Travels,  5  ed.  vol.  i,  137. 

Contemporary  with  the  engines  at  Augsburgh  was  one  at  Bremen  that 
is  mentioned  by  several  writers  of  the  17th  century.  It  was  erected  on 
ore  of  the  bridges  and  moved  by  a  water  wheel :  it  raised  water  into  a 
reservoir  at  a  considerable  elevation,  whence  the  liquid  was  dstributed 
to  dll  udils  ot  the  city.  An  old  author  when  speaking  of  it,  nier- lions  an 
android  in  Bremen,  a  species  of  mechanism  for  which  the  Gernums  were 
at  one  time  famous.  At  the  entrance  of  the  arsenal,  he  observes,  "  stands 
the  figure  of  a  warrior  arm'd  cap-a-pe,  who,  by'  mechanism  under  the 
steps,  as  soon  as  you  tread  on  them,  lifts  up  the  bever  of  his  helmet  with 
his  ti'uncheon  to  salute  you." 

There  was  also  a  celebrated  water-engine  at  Toledo,  the  former  capital 
of  Spp'fi.  It  raised  the  water  of  the  Tagus  to  the  top  of  the  Alcazar,  a 
magnificent  palace  erected  on  the  summit  of  the  declivity  on  which  the  cil  v 

built;  the  elevation  being  "  five  hundred  cubits  from  the  surface  of  the 
river."  What  the  particular  construction  of  this  machine  was  we  have 
not  been  able  to  ascertain,  nor  whether  it  was  originally  erected  by  the 
Moors  who  built  the  palace.  It  is  mentioned  by  Moreri  as  a  "wonderful 
hydraulic  engine  which  draws  up  the  water  from  the  river  Tagus  to  so 
g.eat  a  height,  that  it  is  ilience  conveyed  in  pipes  to  the  whole  city  ;"  but 
in  the  Kaiddle  of  the  last  century  (1751)  the  author  of  the  Grand  Gazetteer, 
or  Topographic  Dictionary,  remarks  (page  1289)  that  this  "  admirable 
engine"  was  thjen  "  entirely  ruined." 

The  introduction  of  pump  engines  into  the  public  water- works  of  Eng- 
land and  France  is  sufl^ciently  ascertained.  This  did  not  take  place  till 
long  after  they  had  been  employed  in  Germany  ;  and  both  London  and 
Pans  were  indebted  to  engineers  of  that  country  for  the  first  machines  to 
raise  water  from  the  Thames  and  the  Seine.  Previous  to  their  introduc- 
tion, cities  wore  commonly  supplied  from  springs  by  means  of  pipes.  As 
early  as  A.  D.  1236,  the  corporation  of  London  commenced  to  lay  a  six 
inch  leaden  pipe  from  some  springs  at  Tyburn,  a  village  at  that  time  some 
miles  distant  from  the  city.  This  is  supposed  to  have  been  the  first  at- 
tempt to  convey  water  to  that  city  through  pipes,  and  fifty  years  elapsed 
before  the  whole  was  completed.  Thesa  pipes  were  formed  of  sheet  lead 
and  the  seams  were  soldered  :  pait  of  them  was  accidentally  discovered 
in  1745  while  making  some  excavatioT'.s,  and  another  portion  in  1765.  (Lon- 
don Mag.  for  1765,  p.  377.)     In  1439  tlie  abbot  cf  Westminster,  in  whofo 
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t!  e  right  of  the  soil  was  vested,  granted  **  to  Roljert  Large  the  mayor  and 
citizens  of  London,  and  their  successors,  one  head  [reservoir]  of  water, 
containing  twenty-six  perches  in  length  and  one  in  brcadih,  together  with 
all  its  springs  in  the  manor  of  Paddington  :  in  consideration  of  which 
gnmt,  the  city  is  for  ever  to  pay  to  the  said  abbot  or  his  successors,  at  the 
least  of  St.  Peter,  two  pepper  corns.**  This  grant  was  confirmed  by  Henry 
VI,  who  at  the  same  time  authorized  the  mayor  and  citizens,  by  a  writ  of 
the  privy  seal,  to  purchase  two  hundred  fothers  of  lead  "  lor  the  intended 
works  of  pipes  and  conduits,  and  to  impress  plumbers  and  labourers." 
Maitland's  Hist,  of  London,  pp.  48,  107. 

In  the  33d  year  of  Henry  Vill,  the  mayor  of  the  city  of  Gloccsfer,  with 
the  dean  of  the  church  there,  were  authorized  to  **  convey  walor  in  pipes 
of  lead,  gutters  and  trenches"  from  a  neighbouring  hill,  "  satisfying  the 
owners  of  the  ground  there  for  the  digging  thereof."*  In  the  following 
year,  the  mayor  and  burgesses  of  Poole  were  authorized  to  erect  a  wind 
mill  on  the  king's  waste  ground,  and  a  conduit  head  sixteen  feet  square, 
"  and  to  di^  and  draw  [water]  in,  by,  through  and  u})on  all  places  meet 
aud  convenient,  into  and  from  the  same,  &c. — yielding  yearly  to  the  king 
and  his  heirs  one  pepper  com."**  It  would  appear  that  the  reservoir  was  in 
too  low  a  situation  for  its  contents  to  flow  through  pipes  to  the  town,  and 
hence  the  wind  mill  to  raise  it  sufficiently  for  that  purpose.  The  machine 
used  was  probably  the  chain  of  pots,  which,  as  remarked  page  125,  was  at 
that  time  often  employed  in  such  cases.  In  the  35th  of  Henry  VIU,  the 
corporation  of  London  was  authorized  to  draw  water  through  pipes  from 
various  villages  and  other  places  within  five  miles  of  the  city,  and  for  this 
purpose  to  enter  any  grounds  not  enclosed  with  **  stone,  brick  or  iT.ud 
walls,  and  there  to  dig  pits,  trenches  and  ditches ;  to  erect  heads,  lay 
pipes,  and  make  vaults  and  stispircds**  &c.  Two  years  afterwards,  (A.  D 
1546,)  a  law  was  passed  by  which  those  who  destroyed  conduit  heads  ar.d 
pipes,  were  put  to  death.*  In  1547,  William  Lamb  conveyed  water  in  a 
leaden  pipe  from  a  conduit  or  spring,  which  still  bears  his  name.** 

In  1582,  the  first  pump  machines  were  used  in  London.  In  that  year 
Peter  Maurice,  a  German  engineer,  pro])osed  to  erect  a  machine  on  the 
Thames  for  the  more  effectual  supply  of  the  city,  "  which  being  approved 
of,  he  er«Gted  the  same  in  the  river  near  London  bridge,  which  by  suction 
and  pressure,  tlirough  pumps  and  valves,  raised  water  to  such  a  height  as 
to  supply  the  uppermost  rooms  of  the  loftiest  buildings,  in  the  highest 
par*  of  the  city  tlierewith,  to  the  great  admiration  of  all.  This  curious 
rnachfftc.  the  first  of  the  kind  that  erer  was  seen  in  Eftgland,  was  so  highly 
approved  of,  that  the  lord  mayor  and  common  council,  as  an  encourage- 
ment ^or  the  inerpnious  engineer  to  proceed  in  so  useful  an  undertaking, 
granted  him  the  use  of  one  of  the  arches  of  London  bridge  to  place  his 
engine  in,  for  the  L*etter  working  thereof."*  Maurice's  engine  consisted 
of  a  series  of  forcing  pumps  (similar  to  Nos.  118  and  121)  seven  inches  in 
diameter,  and  the  pistons  had  a  stroke  of  thirty  inches ;  they  were  worked 
by  an  undershot  wheel  thar  was  placed  under  one  of  die  arches  and 
turned  by  the  current,  during  the  rise  and  fall  of  the  tide ;  the  water 
wa*  raised  to  an  elevation  of  120  feet.  The  number  of  pumps  and  wheels 
was  gubsequently  increased ;  but  in  1822,  when  the  old  bridge  was  .taken 
down,  the  whole  were  removed/ 

Two  years  before  Maurice  undertook  to  raise  water  from  the  Thames, 
Stow  says—"  One  Russel  proposed  to  bring  water  from  Isleworth,  viz  : 


•  ytatutes  at  lurce.  Lon.  16S1.    ^]o\c.    clbid.    <> Maiiland,  158.    •  Ibid.  160. 
^  K  dencription  of  the  London  Bridge  Water-works,  by  Beightoii,  may  be  seen  in  the 
Pbilm.  Trans,  vol.  vi,  358,  and  in  Detfaguliers*  Philos.  ii,  4t'6. 
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the  river  Uxbridge  to  the  said  north  of  London  ;  and  that  I  y  a  geometricaX 
instrument :  he  propounded  the  invention  to  Lord  Burleigh."  In  1594, 
Bevis  Buhner,  an  English  engineer,  undertook  to  supply  a  small  di^itrict 
of  the  city  with  Thames  water,  which  he  raised  by  four  pumps  that  were 
worked  by  horses.  They  were  continued  in  use  till  the  time  that  Mait- 
land  commenced  his  history,  viz  :  to  1725.  The  pumps  of  other  London 
works  were  moved  by  liorses,  by  wind  mills,  and  others  by  the  current 
of  the  common  sewer.*  About  the  year  1767,  one  of  Newcomen's  steam- 
engines  was  erected  at  the  London  bridge  works  to  raise  water  at  neap 
tides,  and  also  as  a  security  against  fire  during  the  turning  of  the  tide, 
when  the  wheels  were  consequently  at  rest.  A  company  was  incorpo- 
rated in  1691  to  supply  the  neighbourhood  of  York  Buildings  with  Thames 
water:  Newcomen's  engines  were  employed;  and  the  pumps  had  solid 
plungers,  one  of  which  we  have  figured  and  described  at  page  272— 
Maitland  enumerates  them  among  other  causes  of  the  company's  embairass- 
ments  :  **  the  directors,  by  purchasing  estates,  erecting  new  water-works 
[new  machines  for  raising  water]  and  other  pernicious  projects,  have  almost 
ruined  the  corporation ;  however,  their  chargeable  engines  for  raising 
water  by  fire,  being  laid  asidCy  they  continue  to  work  that  of  horses,  which, 
together  with  their  estates  in  England  and  Scotland,  may  in  time  restore 
the  company's  affairs."**  A  figure  of  tliis  chargeable  engine  is  inserted  in 
the  second  volume  of  La  Motraye's  Travels. 

The  author  of  the  Grand  Gazetteer,  a  folio  of  nearly  1500  pages,  pub- 
lished in  1751,  was  a  native  of  Exeter,  on  which  account  he  excuses  him- 
sell*  for  describing  that  city  at  large ;  after  mentioning  some  ancient  con- 
duits he  observes  : — "  this  city  b  otherwise  well  watered,  and  not  only  by 
most  houses  of  note  having  wells  and  pumps  of  their  own,  but  by  the  river 
water  being  forced  by  a  curious  water-engine,  through  pipes  of  bored  trees 
laid  under  ground,  even  up  to  the  very  steep  hill  at  Northgate  Street ; 
end  then  by  pipes  of  lead  into  the  houses  of  such  inhabitants  as  pay  a  very 
moderate  price  for  such  benefit.  The  said  w^ater  house  and  engine  were 
begun  about  Anno.  1694."  This  extract  shows  that  at  the  close  of  the  17tL 
century,  such  works  were  not  very  common  in  English  cities:  of  this  there 
am  numerous  indications :  thus  at  Norwich  "  the  water-works  at  the  new 
mills  were  undertaken  in  1697,  and  completed  in  about  two  years."® 

During  the  reign  of  Henry  IV  of  France,  John  Lintlaer,  a  Fleming, 
erected  an  engine  consisting  of  lifting  pumps  (such  as  No.  125)  at  the  Pont 
Neuf  which  were  worked  by  the  current  of  the  Seine.  The  water  wa« 
raised  above  the  bridge  and  conveyed  in  pipes  to  the  Louvre  a»:d  Tuille- 
rios.  This  engine  received  the  appellation  of  TJte  Samaritan,  from  bronsa 
figures  of  Christ  and  the  woman  of  Samaria,  which  decorated  the  front  of 
the  building  in  which  it  was  enclosed.  The  success  that  attended  this 
experiment,  led  to  the  erection  of  similar  engines  at  Pont  Notre  Dame,  a 
figure  of  one  of  the  pumps  of  which  is  inserted  at  page  277. 

The  most  elaborate  machine  ever  constructed  for  raising  water  was 
'^robably  the  famous  one  at  Marli,  near  Paris,  for  supplying  the  public 
gardens  at  Versailles  from  the  Seine.  It  was  designed  by  Kannequin.  * 
Dutch  engineer,  and  set  to  work  in  168L\  at  a  cost  of  eight  millions  uf 
livres— about  a  million  and  half  of  dollars.**  We  are  not  aware  that  any 
description  of  it  in  detail  was  ever  published  till  Belidor  inserted  a  shori 
account  in  the  second  volume  of  hw  Architecture  Hydraulique  in  1739 . 
and  such  was  its  magnitude  and  the  ir-ultiplicity  of  its  parts,  that  he  wa* 

»  Muitland,  pp.  622,  62d.    »  I»\id  634.    ^  No'-oJe  Tour,     Norwich  17%! 
*  Difaavnlwrii  »avs  '* eighty  millions,  about  four  millions  oi  pounds  aterlmg,"  t>ui 
Belidor  bus  only  eight. 
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for  a  long  time  unwilling  to  undertake  its  elucidation,  on  account  of  thfl 
difiiculty  of  describing  it  with  sufficient  precision.  Its  general  fcatuies 
may  be  sketoned  in  a  few  words,  but  a  volume  of  letter- press  and  another 
of  plates,  would  bo  required  to  explain  and  delineate  the  whole  minutely. 

The  reservoir  or  head  of  the  aqueduct,  into  which  water  from  the 
Seine  was  raised  by  this  n!c.ch*ne,  was  constructed  on  the  top  of  a  hill, 
614  toisea,  or  three  quarters  of  a  mile,  from  the  river,  and  at  an  elevation 
of  533  feet  (English)  above  it.  To  obtain  a  sufRcient  motive  power,  the 
river  was  barred  up  by  a  dam,  and  its  whole  width  divided,  by  piles,  into 
fourteen  distinct  water  courses,  into  each  cf  which  a  large  undershot  wheel 
was  erected.  The  wheels,  by  means  of  cranks  attached  to  both  ends  of 
their  axles,  imparted  motion  to  a  number  of  vibrating  levers,  and  through 
these  to  the  piston  rods  of  between  200  and  300  sucking  and  forcing 
pumps  I  The  pumps  were  divided  into  three  separate  sets.  The  first  con- 
tained 64,  which  were  placed  near  the  river,  and  were  worked  by  six  of 
the  wheels  :  they  drew  the  water,  by  short  suction  pipes,  out  of  'Jie  river 
and  forced  it  through  iron  pipes,  up  the  hill ;  but  instead  of  these  pipes 
neing  continued  directly  to  the  reservoir,  (which  might  have  been  done 
by  making  them  and  the  machinery  of  sufficient  strength,)  Rannequin 
made  them  terminate  in  a  large  cistern,  built  for  the  j)urpose,  at  the  dis 
cance  from  the  river  of  100  fathoms  only,  and  at  an  elevation  of  about  160 
feet.  In  this  cistern  he  then  placed  79  other  pumps  (the  second  set)  to 
force  the  water  thence  to  another  cistern  224  fathoms  further  up  the  hill, 
and  at  an  alevation  of  185  feet  above  the  other.  In  this  last  cistern  82 
pumps  more  (the  third  set)  were  fixed,  which  forced  the  contents  tc  llio 
reccrvoir. 

In  thus  dividing  the  work,  Rannequin  made  a  mistake  for  which  no  in- 
genuity could  compensate  :  as  the  second  and  third  sets  of  pumps  con- 
taining no  less  than  one  hundred  and  sixty-one,  with  all  the  apparatus  for 
working  them,  merely  transferred  through  a  part  of  the  distance,  the  water 
which  the  first  set  drew  directly  from  the  river,  they  were  in  reality  un- 
necessary, because  the  first  set  might  have  been  made  to  force  it  tlirough 
the  whole  iistance ;  hence  they  not  only  uselessly  consumed  (at  least) 
four  fifths  of  tJie  power  employed,  but  they  rendered  the  whole  mass  of 
machinery  cumbersome  and  complicated  in  the  highest  degree ;  and  con- 
sequently extremely  inefficient,  and  subject  to  continual  repairs.  The 
first  set  of  pumps,  as  already  observed,  were  worked  by  the  wheels  near 
which  they  were  placed,  and  the  remaining  wheels  imparted  motion  to 
the  piston  rods  of  the  second  and  third  sets,  m  the  two  cisterns  on  the  hill : 
of  these,  'iicrcfore,  eighty-two  pumps  were  stationed  at  an  elevation  of 
upwards  of  three  hundred  feet  above  the  power  that  worked  them ;  and 
nearly  half  a  mile  from  it  !  and  seventy-nine  were  one  hundred  fathoms 
from  tlic  wheel,  and  160  feet  above  them!  To  work  these  pumps,  a  num- 
ber of  ckaiftSj  or  jointed  iron  rods,  were  extended  on  frames  above  the 
ground,  all  the  way  from  the  cranks  on  the  water  wheels  in  the  river  to 
both  cisterns,  where  they  were  connected  to  the  vibrating  beams  to  which 
the  piston  rods  were  attached.  It  was  the  transmission  of  power  to  such 
elevations  and  extraordinary  distances  by  these  chains,  that  accjuired  for 
the  machine  the  title  of  "  a  monument  of  ignorance. 

A  writer  in  the  Penny  Magazine  (vol  iv,  page  240^  who  examined  the 
machine  in  18J5,  says  the  sound  of  these  rods  working  was  like  that  of  a 
number  of  wagons  lo&ded  with  bars  of  iron  ranning  down  a  hill  with 
axles  never  grcasi-d.  Tne  creaking  and  clanking  (he  observes)  must  have 
convinced  the  most  ignorant  person  that  the  expenditure  of  power  was 
enornjously  beyond  what  was  required  for  the  purpose  effected.     It  has 
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'ill*-  *".  -  '.»f   v''.»r*u.^'  -jit  T»uTr;»f  vTSi  K*:fif^  ?.ric  «~iffiiii^  at  EDft   xr^eet 

v-'i«r*  -t  rjiiiJ  •Ti-M:rc  "lik  V  ut^T  iiT'-  Vif-  'L-st  cit'eri.:  Mrt-  *riierf  •wxi'-'t  dcired 

poee.  J^ut  *f''«*'L  t:  it  cyniiiarf-^e.v  smc-L  TK.nr*rr  ; '.trees  t:i*-  "irit'-r  to  Ujp 
f^fc*? — 'jlr,  fij  **"wifr  aenj'.»!ibTii.teG  Uje  T»ruttjCc.'jlirrT  of  cr»rx^»j«^:  z  iiieimrk 
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Ci.s'^'r:.  W'j'w.C  ♦>t    J  '^^••fJiMj^c  V  "i  :   vir   i'.'ctv  cjf'  "iit  n»jc  '>:t»**5  loirst  froisi 

a.;iC  *'i*;  v.o  :*.<Lri  r  cf  chj'«  more  reb^^ned  to.     Ihe  "wt'er  m,:i«ls  at  iafit 

jx^vx ^-f.  fn'  <»"'.«.'r  oi  Si^jjo^ffji.;  but  lite  o-tO  t-LafiP,  iLsiiii^,  I*-]**'-  ^'^^^ asfieras, 

^^'t:  Kd'v*^  rr.v:  ♦:"Tj<-d  oi/.v  2!i5  p*jTr»T»*<  Irsl  tr.ere  were  :r  all  uTT^rardf  of 
2't'O;  hr»::i*:  Wfi:  z  ^:^o^r«  to  ^rt}i<rrf,  ai^d  to  k€^>  '•rc'Jer  alv£\t  orer  the 
p.n'^::.fe  of  *}.'>s*r  T»'.-5:r  i»i#  rrer.  As  eaili  rnrr.:-  bax3  rwo  vaves- an  im- 
itiifTihfi  'juar/.'v  '.-f  vi'^f*-  rri\.Kr  iiare  ew^ipec  ai  ererv  Ft:r»ke  rn  liie  open- 

patst  t?»»?  j'-i*?.*:-'-?  or  p^'.K .'  z  of'  th^"  i»:t-*or>-  «i.c  *"♦  rf^ii:!  !_«  i»  i.trK'rar«Je 
'y)Ai\Jk.  1":j:  €4  ;yur::»E  ne<tr  T*ie  river  were  p.acec  ii  a  j«er»,H.';-''K-"-&r  pc«- 
♦i'^fj  a  -d  Kb-c  bC'.ld  j>;b^.oj!F.  TLev  resemljed  No.  11^.  ejcceyt  'r.-j-t  tie  Fotk- 
i;,^  at  w*.-..  at  forcij.jr  j»  f>es  were  u:ited  to  tbe  sides  H'  li  v  tvi.Laf  rs : 
U*fMA  \u  the  c:b*errxf  liaa  j-o^Iow  jrirt^^^Cif,  aiid  liie  c\j:TiCer«  'were  inverted 
and  jr/;/iAerhe<J  iix  the  wat*T :  orie  of  them  is  re;'reiei.ted  at  No.  126. 

Amjli£1Cay  wtThit'VORKff. — A  h\b\nT\  of  these  i«  ce«ntlf'.e  a-xi  is  cser- 
taJfilv  O'je  to  pot-Ufritv.  There  are  circomstax-oes  #-f'Li»-c-ted  ■%\iih  tlieir 
on^ir,  o.Hr.f,  jfrf^z-^^  ^^^  execution,  eFpecia'.iv  in  t}}e  olc'er  c^ies  of  tlie 
Uinor;,  o-'Me'dco  ai-d  tbe  CaixadajF,  that  oujzht  to  be  preserved.  An  ac- 
eoufrt  of  tlieoi  wou'd  oe  uwrfui  to  future  er.girjeers,  ai-d,  ai>  a  jrcwiti  of  hk^ 
trmca)  arid  •lif*lfc-tical  facte,  would  iiiclude  matter  of  peneral  iucrcEt  in  oom- 
tijg^  tirres.  Tbe  circumstances  attendiiip  tJie  first  use  of  puiny*  md  fir^ 
eij^i.e«,  &c.  may  Jww  be  deemed  too  trifiiug:  to  deterre  particular  notice, 
but  tijey  ytiA  irriease  in  interest  as  time  prows  older.  Wl*en  the  destinjr 
that  awaits  the  republic  is  accomplished^ — ^when  the  ccudijent  becomes 
sturi^jed  with  ci*.'-«  frr^^in  one  ocean  to  the  other,  and  ci^'iiization,  science 
af^i  tf*'ti' ^overnnu  jrt  Xfenrade  tlie  whole,  i/^en  every  ircidfnt  relating  to  the 
early  cultivation  of  t/,c  useful  arts  and  improvements  of  machinery  will  be 
sought  for  with  avidity  aiid  be  dwelt  upon  with  delight.  Why  sboaJd  not 
the  trtr^xiuction  'if  the  mo«st  useful  materials,  manufactures  knd  implefnentt 
into  Ua%  tni;rhty  continent  form  episodes  in  its  history,  as  m  ell  as  the 
fleece,  the  HMx^ar,  saw,  or  '^ieliows  in  that  of  classic  Greece  T  And  mhy 
should  not  tl*e  names  of  those  persons  be  preserved  from  obli%Toii  who 
here  moAe  xlte  first  p«j ri-p  and  fire-engine,  the  first  co?  wheel  and  steam* 
engif.e — i*'ho  built  the  lirft  ship,  forced  the  fir^t  anchor,  erected  the  find 
saw.  sliitirjfr,  or  frrist  mill— who  made  the  first  plough,  grew  the  first  wheat, 
L'd  the  first  silk,  wove  the  first  web,  cast  the  first  type,  made  th**  l*rrt 
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paper,  pnnted  the  first  book,  &c.  &c.  1  It  is  such  men  as  these  and  their 
successors,  that  found,  strengthen  and  enrich  a  nation — \irhc,  without  or- 
ientation or  parade,  promote  its  real  independence — men,  whose  labors 
should  be  mentioned  m  the  national  archives  with  honor,  and  whose  sta- 
tues and  portraits  should  occupy  the  niches  and  panels  of  the  capitol. 

The  precise  time  when  pumps  were  first  introduced  into  New- York  is 
uncertain.  This  city,  as  is  well  known,  was  founded  by  the  Dutch  in  1614, 
who  gave  it  the  appellation  of  New- Amsterdam,  and  to  the  colony  that  of 
New-Netherlands ;  names  that  were  continued  till  the  British,  in  16G4, 
took  possession  of  both  and  imposed  the  present  ones.  In  examining  the 
manuscript  Dutch  records  in  the  office  of  the  clerk  of  the  Common  Coun- 
cil :  (a  volume  of  which  including  the  period  that  extends  from  May  29, 
1647.  to  1601,  has  been  translated,)  we  have  not  met  w'ith  any  reference 
to  pumps,  either  in  wells  or  as  fire-engines.  In  the  first  volume  of  "  Mi* 
nutes  of  the  Common  Council**  (in  manuscript)  which  embraces  the  trans- 
actions from  October  1675  to  October  1691,  are  several  ordinances  relating 
to  welh^  lut  no  mentioh  is  made  of  pumps  or  other  devices  by  which  the 
water  was  raiss  1.  In  the  second  volume  under  the  date  of  August  31, 1694, 
a  resolution  directed  that  "  the  public  wells  within  the  city  be  repaired  as 
formerly."  i'rom  the  following  extract  it  appears  that  the  water  was 
raised  by  a  cord  and  bucket,  a  windlass,  or  a  swape :  September  24, 1700, 
"  Ordered  that  the  neighbourhood  that  live  adjacent  to  the  king's  farm 
and  have  benefit  of  the  public  well  there  built,  do  contribute  to  the  charge 
thereof  in  proportion,  or  else  be  debarred  from  dratoing  water  there." 

In  the  third  volume,  containing  minutes  from  February  1702  to  March 
1722,  are  notices  respecting  wells  to  be  dug  and  others  to  be  filled  up,  but 
nothing  is  said  respecting  pumps  being  placed  in  any.  l^he  same  remark 
applies  to  the  fourth  volume,  including  a  period  of  eighteen  years,  viz : 
from  April  17*22  to  September  1740 ;  and  yet  it  would  seem  thai  pumps 
were  at  this  last  date  used  in  some  of  the  public  wells,  for  in  the  fifth 
volume  under  the  date  of  October  25, 1741,  they  are  referred  to  in  a  "  draft 
of  a  bill  for  mending  and  keeping  in  repair  the  public  wells  and  pumps  in 
this  city ;"  and  again  November  8, 1752,  a  bill  was  before  the  corporation 
"for  keeping  in  repair  the  public  wells  and  pumps;  and  January  10, 1769, 
two  hundred  pounds  [were]  ordered  to  be  raised  "  for  mending  and  keeping 
in  repair  the  public  wells  and  pumps."  The  precise  period  when  pumps 
were  first  introduced  is  therefore  uncertain ;  but  from  the  language  of  the 
minute  of  October  1741,  it  would  appear  that  they  had  then  been  some 
time  v".  U3e  in  public  wells ;  and  from  another  minute  in  the  sernie  volume, 
in  prizaie  wells  also,  for  it  was  ordered  that  "the  pump"  of  an  individual 
should  be  dosmed  a  public  one  and  kept  in  repair  at  die  public  expense, 
on  an  application  to  that  effect  being  made  by  the  owner. 

From  the  rapid  grrwth  of  the  city*  the  number  of  wells  was  increased, 
as  now,  every  ygar  and  in  1774  measures  were  taken  to  insure  a  more 
abundant  supply  from  a  large  well  in  the  Collect,  the  water  to  be  raised 
by  machinery  and  dia-ributed  through  the  city  in  wooden  pipes.  On  the 
82d  April  of  that  year,  Christopher  Coi.es  proposed  to  the  corporation 
"  to  erect  a  reservoir  and  to  convey  water  through  the  several  streets  ol 
this  city."  The  proposition  was  subsequently  approved  of,  and  Mr.  Coles 
directed  "  to  enlarge  the  well  and  proceed."  A  committee  was  appointed 
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to  assist  him  and  to  superintend  the  works,  and  several  contracts  were 
made  for  materials.  To  meet  the  expense  c£2500  in  treasury  notes  were 
ordered  to  be  issued,  and  subsequently  farther  amounts  were  printed  and 
issued.  One  of  the  small  notes  is  now  in  the  possession  of  John  Lozier, 
Esq.,  superintendent  of  the  Manhattan  water- works,  and  is  in  these  words : 

NEW-YORK    WATER-WORKS. 

No.  3842. 
This  note  shall  entitle  the  bearer  to  the  sum  of  TWO  SHILLINGS, 
current  money  of  the  colony  of  New- York,  payable  on  demand,  hy  tJu 
Mayor,  Aldermen  and  Commonalty  of  the  city  of  New-  York,  at  the  office 
of  chamberlain  of  the  said  city,  pursuant  to  a  vote  of  the  said  Mayor,  At* 
dermen  and  Cornmonalty  ofHiis  date.  Dated  the  second  day  of  Augusc,the 
year  of  our  Lord  one  thousand  seven  hundred  and  seventyfive. 

By  order  of  the  Corporaiion^  Wm.  W^ddell, 

ii «.  J.  H.  Cruger. 

It  appears  that  the  well  (near  White  street)  was  enlarged,  ana  a  reser- 
voir built,  but  no  pipes  were  laid  nor  machinery  to  raise  water  erected 
before  the  war  broke  out  and  put  a  stop  to  the  work.  The  project  wa« 
not  again  revived  till  1797,  when  the  Manhattan  Company  was  incorpo- 
rated :  the  present  wells  were  then  made  and  the  water  raised  by  three 
or  four  common  forcing  pumpa^  worked  by  horses.  These  pumps  raised 
the  water  by  atmospheric  pressure  twenty-five  feet,  and  forced  it  forty 
feet  higher,  mto  a  reservoir  in  the  Park  where  the  post  office  is  now  (1840) 
located.  In  1804  the  pumps  were  replaced  by  two  double  acting  ones 
(No.  12£)  fifteen  inches  in  diameter  and  with  a  stroke  of  four  feet.  They 
were  and  still  are  worked  by  one  of  Watt's  steam-engines.  The  water 
is  raised  to  the  same  elevation  as  before.  These  works  will  probably 
be  discontinued  as  soon  as  the  Croton  aqueduct,  now  being  constructed, 
is  finished. 

The  first  water-works  of  Philadelphia  were  commenced  in  1799,  and 
consisted  of  forcing  pumps,  worked  by  steam-engines  which  raised  water 
from  the  Schuylkill  into  a  reservoir  constructed,  at  an  elevation  of  60  feet, 
on  the  banks  of  that  river ;  and  from  which  it  was  conveyed  to  the  city 
in  pipes  of  bored  logs.  In  1811  the  "  city  councils**  appointed  a  com- 
mittee to  devise  means  for  procuring  a  more  perfect  supply  than  tliese 
works  afforded  :  and  shortly  after  it  was  determined  to  erect  two  steam- 
engines  and  pumps  on  another  location,  viz :  at  Fair  Mount,  two  miles 
and  a  half  from  the  city,  and  near  the  upper  bridge  that  crosses  tha  Schuyl- 
kill. A  reservoir  318  feet  in  length,  167  in  width,  and  10  in  d^pth,  was 
made  at  an  elevation  of  98  feet,  into  which  the  pumps  forced  water  from 
the  river. 

Tho  great  expense  attending  the  employment  of  steam-engines  led  to 
the  adoj)tion  (in  1819)  of  water  as  the  moving  power.  A  dam  was  erected, 
and  in  1822  three  water  wheels  were  put  in  operation ;  these,  by  cranks 
on  their  axles  imparted  motion  through  a  connecting  rod  to  the  pistons  of 
the  pijmps.  In  addition  to  the  water  consumed  in  turning  these  wheels, 
a  surplus  remained  to  work  five  additional  ones,  whenever  the  wants  of 
flie  city  might  require  them.  An  additional  reservoir  was  also  made, 
which  contains  four  millions  of  gallons.  The  water  in  both  is  102  feet 
above  low  tide,  and  56  above  the  highest  ground  in  the  city.  Iron  pipes 
were  also  substituted  for  the  old  wooden  ones.  The  whole  was  executed 
under  tlie  directions  of  F.  Graff,  Esq. 

We  took  the  opportunity  while  at  Philadelphia  in  October  of  the  pre- 
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•ent  year  (1840)  to  visit  Fair  Mount.  Six  breast  wheels  (15  feet  long  and 
16  feet  in  diameter)  were  in  operation ;  each,  by  a  crank  on  one  eud  oi 
'••^8  axle,  communicating  motion  to  the  piston  rod  of  a  single  pump.*  The 
pumps  are  double  acting,  the  same  as  figured  and  described  at  page  271. 
They  are  placed  a  little  below  the  axles  of  the  wheels  and  in  nearly  a  ho- 
rizontal position.  The  cylinders  are  16  inches  diameter;  and,  that  the 
water  may  not  be  pinched  in  its  passage  into  and  escape  from  them,  tlie 
induction  and  eduction  pipes  are  of  the  same  bore;  and  all  angles  or 
abrupt  changes  in  their  direction  and  those  of  the  mains  are  avoided.  The 
stroke  of  two  or  three  of  the  pumps  was  four  feet,  and  their  wheels  made 
fourteen  revolutions  per  minute  :  the  others  had  a  stroke  of  five  feet  ten 
inches,  and  the  wheels  performed  eleven  revolutions  in  a  minute,  conse- 
(juently  the  contents  of  the  cylinders  of  the  latter  were  emptied  into  the 
reservoirs  twenty-two  times  in  the  same  period,  and  those  of  the  former 
twenty-eight  times.  The  cylinders  are  fed  under  a  head  of  water  from 
the  fore  bays  and  they  force  it  to  an  elevation  of  96  feet,  through  a  dis- 
tance of  290.     An  air  chamber  is  adapted  to  each. 

1 1  is  impossible  to  examine  these  works  without  paying  homage  to  the 
science  and  skill  displayed  in  their  design  and  execution ;  in  these  res- 
pects  no  hydraulic  works  in  the  Union  can  compete,  nor  do  we  believe 
they  are  excelled  by  any  in  the  world.  Not  the  smallest  leak  in  any  of 
the  joints  was  discovered  ;  and,  with  the  exception  of  the  water  rushing 
on  the  wheels,  the  whole  operation  of  forcing  up  daily  millions  of  gallons 
into  tlie  reservoirs  on  the  mount,  and  thus  furnishing  in  abundance  one  of 
the  first  necessaries  of  life  to  an  immense  population — was  pei'formed  with 
less  noise  than  is  ordinarily  made  in  working  a  smith*s  bellows !  The 
picturesque  location,  the  neatness  that  reigns  in  the  buildings,  the  walks 
around  the  reservoirs  and  the  grounds  at  large,  with  the  beauty  of  the  sur- 
rounding scenery,  render  the  name  of  this  place  singularly  appropriate. 

Dr.  T.  P.  Jones,  the  talented  editor  of  the  Journal  of  the  Franklin  In- 
btitute,  promised  his  readers  **  A  history  of  the  origin,  progress  and  pre- 
sent state  of  the  Water-works  at  Fair  Mount,"  some  years  ago,  but  which 
has  not  yet  been  published.  His  familiarity  with  the  subject  in  general 
and  with  those  works  in  particular,  would  make  the  history  highly  inter- 
esting to  the  present  generation,  and  a  source  of  valuable  information  to 
future  ones.  See  Journal  of  the  Franklin  Institute,  vol.  iii,  first  series ; 
which  contains  a  plan  and  section  of  one  of  the  wheels  and  one  of  the 
pumps. 

>  What  a  contrast  with  the  old  works  at  London  bridge,  where  one  wheel  worked  mx- 
tt€n  «mail  pumps ;  the  friction  of  the  numerous  pistons  and  the  apparatus  for  fftovin^- 
tbem  consuming  a  great  portion  of  the  power  employed 
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CHAPTER    VII. 

FiRE-EfftiifiES :  Probably  umkI  in  Babylon  and  Tyre— Employed  hy  ancient  n  arrior»-  Otber  deviceaof 
i\w\t» — Fire>enf  inen  referred  to  by  ApoIlodoriM— Theae  probably  equal  in  effect  to  oura :  Spiritulia  of 
lieron :  Fire-engine  deacribed  in  it — Pump*  used  to  promote  conflagration»— Greek  fire,  a  liquid  pro- 
tected  by  pumpa — Firea  aud  wara  commonly  united — Genera  a,  the  greatest  incrDdiariea^-Sayiuf  cl* 
Crate*  respecting  them-— Fire  pumpa  the  foreruuuera  of  gun^— Use  of  engines  in  Rome^Meiiiioaed  in  a 
letter  of  Pliuy  to  Tnuan,  and  by  Seneca,  Heaychiua  and  Isidore.  Komaii  firemen — Frequency  of  firee 
noticed  by  Juvenal — Detei>table  practice  of  Craasus— Portolile  engines  in  Roman  houses — ^Moiicrn  en- 
gines derived  from  the  Spiritalio — Forgotten  in  the  middle  ages— Superstitions  with  legard  to  firrs — Firea 
attributed  to  demous— Consecrated  bells  employed  as  subxtiiutes  for  water  and  fire-engines — ^Extracca 
from  the  Paris  Ritual,  Wynken  de  Worde,  Barnaby  Googe  aud  Peter  Martyr  respecting  them — ^Emble- 
matic device  of  an  old  duke  of  Milan — Firemen's  apparatua  from  Agricola — Syringes  used  in  London  to 
quench  firea  in  the  i7th  century — Still  employed  iu.Conatantinople— Anecdote  of  the  Capudan  Parha— 
Syringe  engine  Arum  Besson — German  euginea  of  the  ICtb  century — Pump  engine  from  Decaus — ^Pump 
engines  in  London — Extracts  from  the  minutes  of  the  London  Common  Council  rcfpcctiug  engines  and 
squirts  in  1667 — Experiment  of  Maurice  mentioned  by  Stow  the  historian— Extract  from  *  a  history  of  the 
first  inventors.' 

Of  the  machines  described  \u  the  Ist  and  2d  books  some  are  employed 
in  raisinff  water  for  the  irrigation  of  land,  and  for  numerous  purposes  of 
rural  and  domestic  economy  ;  others  in  various  operations  of  engineering  j 

and  the  arts,  but  with  the  exception  of  the  centrifugal  pumps,  (Nos.  95,  6,  j 

and  7,)  the  litjuid  falls  inertly  from  them  all — i.  e.  it  is  not  forcibly  ejected 
as  from  a  forcing  pump  or  syringe  :  whether  it  be  poured  from  a  bucket, 
drawn  from  a  gutter,  escape  from  a  noria,  or  from  the  orifice  of  a  screw, 
or  the  spout  of  an  atmospheric  pump,  it  flows  from  each  by  the  influence 
of  gnivity  and  consequently  descends  as  it  flows — such  machines  are  there- 
fore inapplicable  for  projecting  water  on  fires,  because  for  this  purpose  the 
licjuid  Is  required  to  ascend  after  leaving  the  apertures  of  discharge  and  with 
a  velocity  sufl'icient  to  carry  it  high  into  the  air ;  and  also  when  conveyed 
to  a  distance  through  flexible  or  other  tubes,  to  be  delivered  from  them  at 
elevations  far  above  the  machine  itself.  As  these  effects  are  produced  by 
the  pumps  described  in  the  present  division  of  the  subject,  most  of  them 
have  at  different  times  been  adopted  as  fire-engines;  some  account  of  these 
important  machines  may  therefore  be  inserted  here. 

Water  is  the  grand  agent  that  nature  has  provided  for  the  extinguish- 
ment of  flames,  and  contrivances  for  applying  it  with  efl^ect  have,  in  every 
civilized  country,  been  assiduously  sought  for.  In  the  absence  of  more 
suitable  implements,  buckets  and  other  portable  vessels  of  capacity,  at  hand, 
have  always  been  seized  to  convey  and  throw  water  on  fires;  and  when 
used  with  celerity  and  presence  of  mind  at  the  commencement  of  one  have 
often  been  sufficient;  but  when  a  conflagration  extends  beyond  their  reach, 
the  fate  of  the  burning  pile  too  often  resembles  that  of  the  ships  of  Eneas : 

Nor  buckets  poured,  nor  strength  of  human  baud 
Can  the  victorious  element  withstand.  Enmd^  v. 

The  necessity  of  some  device  by  which  a  stream  of  water  might  be  forced  , 

from  a  distance  on  flames  must  have  been  early  perceived,  and  if  we  were 
to  judge  from  the  frequency  and  extend  of  ancient  conflagi-ations,  the  pro- 
digious amount  of  property  destroyed,  and  of  human  misery  induced  by 
them,  we  should  conclude  that  ingenious  men  of  former  times  were  stimu* 
lated  in  an  unusual  degree  to  invent  machines  for  the  purpose.  That  this 
was  the  case  cannot  well  be  oue-'t'oned,  althougl   no  account  of  their  la 
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bwTs  has  reached  our  times.  It  seems  exceedingly  probable  that  iome 
&\vd  of  fii-e-engines  were  used  in  the  celebrated  cities  of  remote  ar.tiquity 
-—in  Nineveh,  Tyre,  Labylon  and  others.  It  is  scarcely  possible  that  the 
Tyrian  and  Babylonian  meonaniciar  s,  whose  inventive  talents  and  skill 
were  proverbial,  should  have  left  their  splendid  cities  destitute  of  such 
mearrs  for  pi  eserving  then*  from  the  ravages  of  fire.  Li'  the  groat  extent 
of  Babylon,  for  example,  be  considored,  its  location,  (on  an  extensive  plain,) 
the  length  of  its  streets,  (fifteen  miles,)  tlic  height  of  its  buildings,  (three 
and  four  stories,)  and  its  unrivaled  wealth,  together  with  the  heat  and 
dryness  of  the  climate ;  the  necessity  of  such  machines  will  be  apparent, 
and  what  appears  necessary  to  us,  we  may  rest  assured,  appeared  equally 
so  to  its  mechanicians,  and  that  they  were  quite  as  capable  of  providing 
by  their  ingenuity  for  the  emergency.  Nor  are  we  left  wholly  to  conjec- 
ture respecting  their  knowledge  of  hydraulic  or  pneumatic  machinery, 
since  the  most  memorn}»lc  machine  for  raising  water  in  tiie  ancient  world 
was  made  and  used  at  Babylon,  and  one  which,  as  has  been  elsewhere 
observed,  greatly  exceeded  in  the  elevation  to  which  it  raised  it,  all,  or 
nearly  all  the  water-works  of  modern  days.  Had  they  engines  like  ours 
then  ]  We  dare  not  say  they  had,  although  we  see  nothing  improbable 
in  tlie  opinion :  the  antiquity  of  the  syringe  is  unquestionable  ;  and  its  ap- 
plication to  project  water  on  flames  must  have  been  as  obvious  in  remote 
as  in  present  times ;  and  people  would  as  naturally  be  led  then  as  now, 
to  construct  large  ones  for  that  purpose. 

There  are  other  reasons  for  believing  that  syringes  or  pumps  for  squirt- 
ing water  on  fires  were  in  use  previous  to  the  time  they  are  first  mention- 
ed in  history.  Fire  was  pne  of  the  most  CDm'.non  and  most  destructive 
agents  employed  in  ancient  wars.  When  a  city  was  besieged  or  assaulted, 
it  was  the  first  object  with  the  assailants  to  protect  the  moving  towers,  in 
which  their  battering  engines,  &c.  approached  the  walls,  from  being  con- 
sumed by  fire,  oil  and  pitch,  &c.  thrown  upon  them  from  the  ramparts. 
Every  source  was  examined  that  ingenuity  could  unfold,  for  materials  and 
devices  to  protect  them;  and  as  not  only  the  lives  and  property  of  the  in- 
habitants, but  often  the  destinies  of  armies  and  even  of  nations  were  on 
such  occasions  at  stake,  it  is  reasonable  to  conclude  that  the  most  perfect 
apparatus  which  could  then  be  procured,  were  employed  both  for  destroy- 
ing buildings  by  fire,  and  also  for  preserving  them  from  it.  We  know 
that  men  were  specially  trained  to  fire  buildings,  and  that  they  were  ex- 
pert in  their  profession,  especially  in  shooting  lighted  arrows  and  darts 
:nto  and  upon  structures  that  could  not  be  approached  ;  hence  the  neces- 
sity of  devices  for  throwing  water  upon  these  missiles  and  the  places  in- 
flamed by  them.  There  is  an  allusion  to  both  practices  in  the  Epistle  to 
the  Ephesians,  vi,  16.  Such  a  system  of  warfare  could  never  have  been 
carried  to  the  extent  that  it  was,  and  for  so  many  ages  too,  among  the  cele- 
brated nations  of  old,  without  forcing  pumps  or  something  like  them  being 
used  to  squirt  water  on  such  parts  as  could  not  be  reached  by  it  when 
thrown  from  the  hand.  We  cannot  conceive  how  the  constant  repetition 
of  one  army  applying  its  energies  to  the  destruction  of  another  by  means 
of  fire,  and  the  latter  equally  intent  on  devising  and  applying  means  to 
extinguish  it,  without  the  application  of  the  syringe  and  of  machines  on  the 
principle  of  the  bellows  occurring  to  them — ^an  application  so  obviot  a 
(even  then)  that  the  slightest  mental  efibrt  to  proauce  a  contrivance  for 
the  purpose  could  not  have  overlooked  it,  even  if  the  occasions  were  of 
little  moment,  much  less,  when  the  inventive  powers  of  armies,  and  of 
military  engineers  in  particular,  were  engaged  in  the  research,  and  the  fate 
of  nations  depended  apon  the   result.     From  a  remark  in  one  of  Pliny's 
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lettei-s,  to  wliicli  we  shall  presently  refer,  it  appears  that  among  the  Kotnans 
individuals  were  brought  up  to  the  jn^ofession  of  extinguishing  fires. 

The  Helepnies,  or  *  town  takers'  of  Demetrius,  although  proofs  of  his  me* 
chanical  genius,  would  have  availed  him  little  at  the  siege  of  Rhodes,  noi 
the  movable  lowers  of  Hannibal  at  Saguntura,  if  these  warriors  had  not 
been  in  possession  of  means  to  prevent  them  from  being  consumed  by  the 
fire  of  the  besieged — of  materiaJs  to  resist  its  effects,  and  apparatus  to  ex- 
tinguish it.  That  the  resources  of  the  ancients  in  these  respects  were  not 
inferior  to  ours,  may  be  inferred  from  several  historical  facts  respecting 
their  modes  of  securing  these  towers.  They  were  generally  covered  with 
raw  hides,  leather  soaked  in  water,  or  cloth  made  ot  hair,  and  sometimes, 
although  seldom,  they  were  plated  with  metal.  Such  were  some  of  those 
employed  by  Titus  at  the  siege  of  Jerusalem.  They  were  seventy-five 
feet  high  and  were  covered  all  over  with  sheets  of  iron  ;  perhaps  notliing 
else  could  have  resisted  the  incessant  torrents  of  fire  which  the  infuriated 
Jews  showered  upon  them.  But  a  singular  proof  of  the  sagacity  and  re- 
searches of  the  ancients  is,  that  the  modern  application  of  alum  to  render 
wood  incombustible  was  also  known ;  for  Archelaus,  one  of  the  generals 
of  Mithridates  in  a  war  with  the  Romans,  washed  over  a  wooden  tower 
with  a  solution  of  it  and  thereby  defeated  all  the  attempts  of  Sylla  to  set 
the  structure  on  fire.  Thus  we  see  that  when  mcchaniccd  means  failed 
them,  or  were  not  at  hand,  they  had  recourse  to  chemical  ones.  But  that 
water  and  machines  for  dispersing  it,  were  extensively  employed  on  such 
occasions  appears  from  a  remark  of  Vitruvius.  He  observes  that  the  lower 
stories  of  the  towers  contained  large  quantities  of  water  for  the  purpose 
of  extinguishing  fire  thrown  upon  them.  Of  course  they  had  means  of 
projecting  it  wherever  required,  but  of  these  unfortunately  he  is  silent. 
Montfaucon  has  engraved  a  figure  of  a  species  of  wheel  for  the  purpose, 
but  its  representation  is  too  imperfect  to  indicate  the  nature  of  the  ma- 
chine of  which  it  seems  to  have  formed  a  part. 

That  machines  of  the  pump  kind  were  used  on  these  occasions  is  evi- 
dent from  the  temporary  contrivance  of  Apollodorus,  mentioned  in  the  re- 
mains of  a  work  of  his  On  War  Machines,  and  quoted  by  Professor  Beck- 
man.  We  have  noticed,  at  page  235,  one  of  his  plans  for  extinguishing 
fire  in  the  upper  parts  of  a  building,  and  that  to  which  we  now  refer  is 
from  the  same  passage.  Water,  he  observes,  may  be  conveyed  to  elevated 
place*  when  exposed  to  Jiery  darts,  by  means  of  the  entrails  of  an  ox  • 
these  natural  tubes  being  connected  to  a  bag  filled  with  water ;  by  com- 
pressing the  bag  the  liquid  will  be  forced  mrough  them  to  its  place  of 
destination.  This  device,  he  says,  may  be  adopted  when  the  macJiine 
called  siFHO  is  not  at  hand.  Now  if  we  had  not  known  that  the  term 
sipho  was  anciently  used  to  designate  syringes  and  other  tubular  instru- 
ments, the  substitute  which  Apollodorus  here  proposes  sufficiently  proves 
that  it  was  a  forcing  pump  to  which  he  refers,  and  one  too  that,  like  our 
fire-engines,  was  furnished  with  leathern  hose  through  which  the  water 
was  conveyed  to  the  **  elevated  places"  he  mentions.  The  important'^  of 
flexible  pipes  accompanying  the  pump  or  sipho,  when  employed  in  war, 
is  obvious ;  for  one  of  the  objects  of  those  who  threw  **  fiery  darts"  on  the 
towers  and  other  structures,  was  to  fire  them,  if  possible,  at  places  inac- 
cessible to  water  for  the  most  difficult  to  be  reached — Whence  the  necessity 
not  only  of  engines,  to  project  streams  of  that  liquid,  but  also  of  such  tubes 
to  direct  it  to  the  places  infiamed :  and  hence  the  suggestion  of  tlie  tubes 
mentioned  by  Apollodorus  when  artificial  ones  were  not  to  be  procured  : 
an  ox  was  always  within  the  reach  of  an  army. 

As  these  engines  would  of  course  be  similar  to  such  as  were  used  tc 
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exQnguish  fires  ;n  oiaes  in  dmea  of  peace,  it  is  to  be  regretted  that  neithci 
Apollodurua  nor  Vitruviua  haa  described  them  :  p^haps  they  were  ton 
cummnn  to  have  been  thought  worthy  of  particular  notice.  In  the  design 
and  execution  of  their  uaBential  parts,  they  were  probably  equal  to  our  best 
engines.  Some  persons  may  doubt  this,  but  it  should  be  remembered  that 
Uie  nature  of  ancient  wars  naturally  led  to  the  best  construction  of  all  mi- 
litary machinery ;  and  of  defensive  apparatus,  engines  to  extinguish ,^re 
could  not  have  been  the  least  important,  when  tliat  element  waj  univer- 
aally  employed.  The  contests  of  the  ancienta  were  often  those  of  mecha- 
n'cal  skill  rather  than  of  fighting — conflicta  of  talent  in  engineering  than 
in  guneralsliip  ;  hence  the  ingenuity  displayed  in  their  machinery  and  the 
wonders  wrought  by  it.  Archimedes,  by  superior  machines,  protected 
Syracuse  for  eight  months  against  all  the  efforts  of  the  legions  of  S'larcellus 
and  the  Roman  engineers.  The  successes  of  Demetrms  and  Hannibal 
were  often  due  to  the  novelty  of  thuir  engines :  the  Carthagenian  machiii- 
tsts  were  indeed  proverbially  skilful,  so  much  so,  that  in  Rome  itself  any 
curious  piece  of  mechanism  was,  by  way  of  eminence,  named  puntc.  An- 
cient armies  were  also  often  employed  in  obtaining,  raising  and  cutting  off 
water ;  the  hydraulic  engines  of  Ganymede  nearly  ruined  Cesar  and  his 
army  in  Alexandria,  Cvrus  took.  Babylon  by  diverting  tlie  course  of  the 
Euphrates,. 5:c.  The  fru}|uenl  use  of  hydraulic  engines  in  war  either  lo 
extinguish  iii'cs  or  for  oilier  purposes,  would  naturally  lead  to  skill  in  mak- 
ing as  well  as  in  using  them. 


Mo.  HI.    Egrptiu  Fin-Ei(tii«oriha3(leeDliiiTbefi>nCkiiil,ft«iDHaroii'>8piriulik. 

That  the  idea  of  employing  forcing  pumps  as  fire-engines  was  not  new 
in  the  time  ofApollodoms  or  Yitruvius,  we  have  conclusive  evidence. 
Among  the  small  number  of  ancient  writings  that  escaped  destruction  in 
those  dark  and  turbulent  i^es  that  intervened  between  the  decline  of  the 
Roman  power  and  the  introduction  of  printing  into  Europe,  was  a  Greek 
nanuscn|>t,  contiuningan  account  of  various  devices  for  the  application  of 
water,  and  among  them  an  engine  for  extinguishing  fires.  This  amatl 
work  was  illustrated  with  figures,  like  the  original  work  of  Vitruvius. 
Several  Latin  translations  were  made  and  published  in  the  16th  and  ITifa 
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cenluccH,  and.  most  of  them  were  ornamented  with  copies  of  the  origina] 
iUuslraiions.  'J'his  was  the  Smritalia  of  Heron,  to  which  we  have  already 
referred,  (page  270.)  As  the  en^ie  may  interest  some  readers,  a  figure 
of  it  is  annexed*     See  No.  141  on  the  preceding  page. 

To  persons  not  familiar  with  hydraulic  machinery  tliis  figure  will  ap- 
pear a  nade  and  imperfect  affair;  but  notwithstanding  its  antiquity  and  the 
mutilations  which  it  has  unquestionably  sustained  in  passing  through  the 
hands  of  copyists,  it  exhibits  nearly  all  the  essential  elements  of  a  modem 
engine.  Like  the  machine  of  Ctesibius,  Heron's  engine  consistti  of  two 
brass  forcing  pumps  connected  to  one  discharging  pipe.  The  cylinders 
are  secured  to  a  base  of  wood  and  are  partly  immersed  in  water ;  they 
are  deecribed  in  the  text  as  turned  or  bored  very  smooth,  with  ijistons  ac- 
curately fitted  to  work  in  tliem.  The  piston  rods  are  attached  by  bolts  to 
a  double  lever  at  equal  distances  from  the  centre  or  fulcrum  at  A.  1  he 
carriage  not  being  necessary  to  elucidate  the  principle  of  the  machine  was 
oi]^tted  by  Heron.  The  rectangular  figure  into  which  the  upper  )iart  of 
the  discharging  pipe  is  formed,  has  certainly  been  added  by  some  trans- 
criber of  the  manuscript.  Neither  Heron  nor  his  contemporaries  could 
have  made  such  an  obstacle  to  the  issuing  fluid,  and  nothing  of  the  kind 
Is  mentioned  in  the  text.  There  is,  moreover,  conclusive  evidence  that 
the  figure  has  been  altered;- for  example,  there  is  no  provision  represented 
by  which  the  direction  of  the  perpendicular  jet  can  be  changed,  and  hence 
an  engine  made  according  to  it,  would,  on  tliis  account  alone,  be  useless ; 
now  Heron  not  only  describes  a  movable  tube,  fitted  by  a  joint  (goose 
neck)  to  the  perpendicular  one,  by  turning  of  which  the  water  could  be 
discharged  on  any  given  place,  but  he  refers  his  readers  to  the  figure  of 
it  in  the  illustration. 

Hac  Heron's  machine  an  air  chamber  ?  This  is  an  interesting  <jnestion, 
since  if  it  were  determined  in  the  affirmative,  there  would  be  little  left 
for  the  moderns  to  claim  in  fire-engines  except  details  in  the  construction 
of  the  carriages  and  other  matters  of  minor  importance,  that  have  been 
left  unnoticed  in  the  Spiritalia.  The  accounts  of  machines  by  ancient  au- 
thors are  generally  very  concise ;  they  did  not  think  it  necessary  to  enter 
into  that  minutiae  of  narration  that  characterizes  the  specifications  of  modern 
patents,  nor  would  it  have  been  of  much  use  to  us  if  they  had,  but  the 
contrary,  for  the  multiplicity  of  mere  technical  terms  would  rather  have 
increased  than  removed  our  embarrassments.  This  is  evident  from  the 
variety  of  explanations  given  of  a  few  such  terms  that  Vitruvius  employs 
in  describing  some  of  the  inventions  of  Ctesibius  and  other  mechanicians  : 
hence  in  all  the  accounts  of  ancient  machinery^  it  was  of  more  importance 
to  preserve  the  figures  or  illustrations  than  tlie  text  from  corruption. 

The  description  of  Heron's  engine  which  the  text  and  the  figure  afford, 
is,  to  persons  conversant  with  such  machines,  sufficiently  explicit,  with  the 
exception  of  that  part  of  both  which  relates  to  the  discharging  pipe  and 
apparatus  connected  to  it— or  in  other  words,  to  the  air  vessel,  for  that 
there  was  one,  we  think  every  intelligent  reader  will  presently  admit. 
Had  the  figure  been  always  exactly  copied  by  the  multipliers  of  manu- 
scripts, of  course  no  obscurity  would  here  have  been  felt,  but  even  in  the 
state  in  which  it  has  reached  us,  an  air  vessel  is  certainly  portrayed.  It 
may  be  asked,  If  this  be  so,  why  was  it  not  discovered  before  1  Possibly 
because  no  one  sought  particufarlj/  for  it :  its  diminutive  size  and  general 
resemblance  to  a  plain  tube  would  prevent  any  one  eke  from  recognizing 
IL  It  will  be  seen  in  the  figure  that  one  part  of  the  discharging  pipe 
descends  into  an  enlarged  portion  of  that  below  it,  and  that  a  space  is  left 
between  them;  thus  c<»nstituting  an  air  cham!^er,  and  precisely  of  the  same 
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plan  as  those  generally  used  in  engines  at  this  day.  This  part  of  the  figure 
(and  this  alcne)  iu  Commandine's  translation  of  the  Spiritalia  is  not  shown 
in  section,  but  the  arrangement  of  the  pipes  is  precisely  as  shovm  in  the  cut. 
Now  tliis  addition  to  the  discharging  pipe  could  not  have  been  made  in 
the  16th  century,  when  the  work  fell  into  the  hands  of  printers  and  en- 
gravers, for  at  that  time  the  use  of  it  was  not  known,  while  from  the  small 
dimensions  figured  it  could  have  been  of  no  service.  That  it  originated 
with  Heron  and  formed  a  prominent  feature  in  the  ori^nal  figure,  \&  evi- 
dent from  the  text :  when  speaking  of  the  escape  of  the  water  from  this 
pan  of  the  machine,  he  expressly  states  that  it  was  forced  out,  in  the  same 
manner  as  out  of  a  vase  or  fountain,  which  he  had  previously  described, 
by  nwafM  of  compres^d  air — *  per  aeretn  in  ipso  campresmtm*^  Nothing 
can  be  plainer  than  this ;  for  every  manufisicturer  of  pumps  knows  that  in 
the  absence  of  an  air  vessel  there  could  have  been  no  air  to  compress. 

It  is  an  interesting  circumstance  in  the  history  of  this  ancient  engine 
that  the  air  vessel  should  have  been  preserved  through  so  many  ages  when 
ics  use  was  not  known.  While  its  size  was  diminished  its  form  was  re- 
tained. It  is  no  wonder  that  the  old  copyists  considered  it  an  unsightly 
and  unnecessary  enlargement  of  the  discharging  pipe,  and  hence  they  re- 
duced it  accordingly-— certainly  the  fancy  that  could  add  the  rectangular 
twist  to  the  upper  part,  would  not  hesitate  to  remove  the  supposed  defor- 
mity from  the  lower  one.  Some  persons,  deceived  by  the  imperfect  re- 
presentation, havb  supposed  that  such  engines  were  not  used  in  the  time 
of  Heron,  and  that  the  figure  and  description  were  inserted  in  his  work  as 
mere  hints  for  future  mechanicians  to  improve  on  ;  but  the  description 
sufF.ciently  indicates  that  similar  machines  were  in  actual  use.**  The  ma- 
terials and  workmanship  of  the  pumps — ^metallic  pistons  and  spindle  valves, 
with  guards  to  prevent  the  latter  from  opening  too  far ;  the  mode  of  form- 
ing the  goose-neck  by  a  kind  of  svvivel  joint,  somewhat  like  the  union  or 
coupling  screw ;  the  application  of  an  air  vessel ;  two  pumps  forcing  water 
through  one  pipe,  and  both  worked  by  a  double  lever,  are  proofs  that  the 
machine  described  by  Heron  was  neither  an  ideal  one,  nor  of  recent 
origin  or  use.  There  are  features  in  it  that  were  very  slowly  dev4?loped 
oy  manufacturers  in  modern  times.  It  is  not  at  all  improbable  that  an- 
cient engines  were  equal  in  effect  to  the  best  of  ours ;  but,  whether  they 
were  or  not,  one  thing  is  certain,  that  to  the  ancients  belongs  the  merit  of 
discovering  the  principles  employed  in  these  machines  and  of  applying 
them  to  practice.  It  is  remarkable  too,  that  fire  engines  made  their  first 
appearance  in  JSgypif  thus  adding  another  to  the  numefous  obligations 
under  which  that  wonderful  country  has  placed  civilized  nations  in  all 
times  to  come. 

Having  noticed  the  use  of  pumps  to  extingtdah  fires  in  ancient  warfare, 
we  may  remark  that  they  were  also  employed  in  the  middle  ages,  if  not 
before,  to  promote  conflagrations,  viz:  to  lanch  streams  of  Greek  Jire.  This 
mysterious  substance  is  represented  as  a  liquid  :  Beckman  says  it  cer- 
ta:nly  was  one  ;  and  so  far  from  being  quenched,  its  violence  was  aug- 
mented by  contact  with  water.  It  was  principally  employed  in  naval 
combats,  being  enclosed  in  jar?  that  were  thrown  into  the  hostile  vessels. 
It  was  also  blown  through  iron  and  copper  tul>es  planted  "»n  the  prows  of 
galleys  and  fancifully  shaped  like  the  mouths  of  animals,  which  seemed  to 
vomit  streams  of  liquid  fire.  There  is  among  the  figures  of  war  machines 
in  the  old  German  translation  of  Vegetius  already  mentioned,  one  that 


*  Spincalia.  p.  70. 

^  H'nhonftn  autem  qntbiis  un^ntiir  ad  tnrendia  hoc  modo  constrnantcr.— Ihid. 
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(judging  from  the  flames  issuing  from  monstrous  animals'  mouths)  seems  % 
have  l)een  designed  for  projecting  Greek  fire,  though  it  is  difHcult  to  per^ 
ceive  how  it  was  done.  Another  mode  of  using  this  terrible  material 
was  by  forcing  it  in  jets  "  by  means  of  large  fire-engines/'  and  sometimes 
"  rhe  soldiers  squirted  it  from  hand  engines."  Its  effects  upon  those  on 
whom  it  was  thrown,  seem  to  have  been  somewhat  similar  to  those  pro- 
duced by  the  composition  of  alcohol  and  spirits  of  turpentine  recently  adopt- 
ed as  a  substitute  for  oil  in  lamps,  and  which  has  occasioned  so  many  fatal 
disasters,  by  the  explosion  of  vessels  containing  it  and  its  consequent  dis- 
persion over  the  persons  of  the  sufferers.  It  was  easy  (says  Beckman)  to 
conceive  the  iaea  of  discharging  Greek  fire  by  means  of  forcing  pumps, 
because  the  application  of  them  to  extinguish  fires  was  known  long  hfore 
its  invention.  It  is  supposed  to  have  originated  with  Callinicus,  a  Syrian 
engineer  of  Balbec,  in  the  7th  century.  It  may  however  have  been  known 
to  the  old  Greeks  and  Romans,  for  they  made  use  of  similar  devices  for 
projecting  fire  :  Montfaucon,  in  describine^  their  marine  xombats,  observes 
•<  another  mode  of  annoying  enemies'  ships  was  by  throwing  5re  theruin, 
which  they  did  after  different  ways,  some  using  for  that  purpose  sipJtofies, 
and  fire  buckets,  others  threw, in  pots  filled  with  fire."  From  an  expres- 
sion of  Dr.  G.  A.  Agricola,  a  physician  of  Ratisbon  of  the  last  century,  in 
a  work  on  Gurdening,  (see  page  127  in  Bradley's  translation)  it  woul«l  ap- 
pear as  if  something  like  the  Greek  fire  was  then  in  use.  Enumerating 
several  pernicious  inventions,  he  notices  "  That  infernal  one  of  gunpowder. 
How  many  cities  and  fortresses  has  it  ruined  '(  How  many  thousands  oi 
men  has  it  destroyed  ?  And  what  is  most  deplorable  is,  tliat  this  art  grows 
more  and  more  complete  every  day,  and  is  brought  to  that  perfection,  that 
in  Holland  and  some  other  parts  they  have  fire  pumps  filled  with  burning 
compositions,  wherewith  they  eject  fiery  torrents  to  a  great  distance, 
which  may  occasion  dreadful  and  irreparable  damages  to  mankind." 

Fires  and  wars  have  ever  been  deemed  the  most  awful  of  earthly  cala- 
mities, and,  unfortunately  for  our  race,  they  have  too  often  been  united, 
for  warriors  have  generally  had  recourse  to  the  former  to  multiply  the  mi- 
series of  the  latter ;  and  in  almost  every  age  cities  have,  like  Jericho  and 
Ai,  Hebron  and  Ziglag,  Troy  and  Thebes,  Carthago  and  Athens,  Sagun- 
tum  and  Bagdat,  been  burnt  with  fire ;  and  in  some  cases  "  all  the  souls 
therein  destroyed" — **  cities  burned  without  inhabitants."  It  was,  we  be 
lieve,  from  the  horrible,  the  inconceivable  sufferings  endured  on  such  oc- 
casions, that  much  of  the  thrilling  imagery  of  the  Bible  was  derived.  To 
the  offending  Jews,  God  was  represented  as  **a  consuming  fire,"  and  they 
were  urged  to  repentance  "  lest  his  fury  come  forth  like  fire,  and  bum, 
that  none  can  quench  it — lest  he  break  out  like  fire  in  the  house  of  Joseph 
and  there  be  none  to  quench  it  in  Bethel ;"  and  some  of  the  sublimest  ef- 
fusions of  the  prophets  have  reference  to  "  firebrands,  arrows  and  death" 
— to  "  blood  and  fire  and  pillars  of  smoke."  In  modern  times,  loo,  war- 
riors have  been  the  greatest  incendiaries :  hamlets,  towns  and  cities  have 
been  wantonly  consumed,  and  the  "  gallant"  actors  have  made  the  air 
shiver  with  their  shouts  of  acclamation  on  witnessing  the  spreading  con- 
flagration. Well  did  the  ancients  represent  Mars  fierce  in  aspect,  bran- 
dishing a  spear,  and  driving  in  his  chariot  o'er  mangled  corses,  amid  the 
clangor  of  arms  and  the  shrieks  of  the  dying — Fear,  Terror  and  Discord 
in  his  train,  while  before  went  Bellona,  with  her  hair  loose  and  clotted 
with  gore,  and  a  firebrand  in  her  hand.  And  these  are  the  demons  that 
men  professing  Christianity  worship  with  all  the  fervor  of  deluded  hea- 
then ;  and,  what  will  in  future  times  appear  incredible,  they  demand  re- 
verence for  the  act,  and  they — receive  it !     Strange,  that  notwithstanding 
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fche  boasted  superiority  of  the  age  and  the  benign  spirit  and  precepts  of 
••eligion — the  profession  of  war — the  most  prolific  source  of  human  misery 
and  crime,  is  still  deemed  honorable ;  and  men  under  whose  tyranny  na» 
tions  and  provinces  groan,  and  by  whom  human  life  is  extinguished  not 
only  without  remorse  but  with  indifference,  are  permitted  to  take  prece- 
dence in  Tnoral  society.  Crates  was  certainly  correct  when  he  intimated 
that  wars  would  never  cease  till  men  became  convinced  of  the  folly  and 
\vickedness  of  allowing  themselves  to  be  driven  as  soldiers  like  sheeo  to 
the  slaughter,  or  like  wolves  to  devour  each  other — but  as  he  expressed 
it,  not  till  men  become  sensible  that  generals  are  only  ctss  drivers. 

As  Greek  fire  preceded  gunpowder  in  Europe,  so  pumps  or  the  *  spout- 
mg  engines*  for  projecting  it  may  be  considered  the  forerunners  of  guns : 
it  IS  even  possible  that  the  first  idea  of  the  latter  (supposing  they  were  not 
introduced  from  the  east)  might  have  been  derived  from  accidental  explo 
sions  of  the  liquid  in  the  pump  cylinders,  when  the  pistons  would  of  course 
be  driven  out  of  them  like  bciUs  out  of  cannon.     But  be  this  as  it  may, 
enough  has  been  adduced  to  show  that  the  forcing  pump  and  its  modifica 
tions  have  exerted  no  small  degree  of  influence  in  ancient  wars  and  con 
sequently  in  the  affairs  of  the  old  world. 

Although  the  police  and  other  arrangements  for  the  actual  suppression 
of  fires  in  ancient  Rome  are  not  well  ascertained,  some  interesting  particu 
lars  are  known.  A  body  o£  jfiremen,  named  matricularii,  was  established 
whose  duty  it  was  to  extinguish  the  flames.  Similar  companies  were  also 
organized  m  provincial  cities.  This  appears  from  Trajan's  reply  to  Pliny 
cespecting  the  formation  of  one  in  Nicomedia,  and  from  which  we  learn 
that  tliese  ancient  firemen  frequently  created  disturbances  by  their  didsen 
tions  and  tumults.  Pliny  (the  younger)  was  governor  of  Bithynia ;  after 
giving  the  emperor  an  account  of  a  fire  in  Nicomedia,  a  town  in  his  pro 
vince,  he  continues,  "  You  will  consider,  sir,  whether  it  may  not  be  ad- 
visable to  form  a  company  of  firemen,  consisting  only  of  one  hundred  and 
fifty  members.  I  will  take  care  none  but  those  of  Chat  business  shall  be 
admitted  into  it ;  and  that  the  privileges  granted  them  shall  not  be  ex- 
tended to  any  other  purpose.  As  this  corporate  body  will  be  restricted 
to  so  small  a  number  of  members,  it  will  be  easy  to  keep  them  under 
proper  regulations."  In  answer  the  emperor  sent  the  following  letter  : 
"  Trajan  to  Pliny. — ^You  are  of  opinion  it  would  be  proper  to  establish 
a  company  of  firemen  in  Nicomedia,  agreeably  to  what  has  been  prac- 
ticed in  several  other  cities.  But  it  js  to  be  remembered  that  societies  of  this 
sort  have  greatly  disturbed  the  peace  of  the  province  in  general,  and  ot 
those  cities  in  particular.  Whatever  name  we  give  them,  and  for  what- 
ever purpose  they  may  be  instituted,  they  will  not  fail  to  form  themselves 
mto  factious  assemblies,  however  short  their  meetings  may  be.  It  will 
therefore  be  safer  to  provide  such  machines  as  are  of  service  in  extin- 
guishing fires,  enjoining  the  owners  of  houses  to  assist  in  preventing  the 
mischief  from  spreading,  and,  if  it  should  be  necessary,  to  call  in  the  aid 
of  the  populace."  Pliny's  Letters,  B,  x.  Ep.  42  and  43.  Melmoth'a 
Translation. 

The  direction  to  procure  "  machines  as  are  of  service  in  extinguishing 
fires"  was  in  consequence  of  Nicomedia  being  destitute  of  them— an  un- 
fortunate circumstance  for  the  inhabitants,  but  one  that  is  hardly  now  re- 
gretted  by  those  who  are  in  search  of  information  respecting  fire-enginei 
among  the  ancients  ;  since  it  led  Pliny  to  mention  them,  and  thereby  af 
ford  us  a  proof  of  their  employment  by  the  Romans.  "  While  I  was  mak- 
ing a  progress  [he  writes  ti>  Trajan]  in  a  different  part  of  the  province,  n 
most  destructive  fire  broke  out  in  Nlcozixedia,  which  not  only  consumed 
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several  private  houses,  but  also  two  public  buildings,  the  town  house  aud 
the  temple  of  I  sis,  though  they  stood  on  contrary  sides  of  the  street.  The 
f  ccasion  of  its  spreading  thus  wide  was  partly  owing  to  the  violence  o« 
the  wind,  and  partly  to  the  indolence  of  the  people,  who,  it  appears,  stood 
fixed  and  idle  spectators  of  this  terrible  calamity.  The  truth  is,  the  city 
was  not  furnished  with  either  engines,  buckets,  or  any  single  instrument 
proper  to  extinguish  fires  ;  which  [  have  now  however  given  directions 
to  l>e  provided."  It  has  been  generally  imagined  [observes  Melmoth] 
that  the  ancients  had  not  the  art  of  raising  water  by  engines,  but  this  pas- 
sage seems  to  favor  the  contrary  opinion.  The  word  in  the  original 
[for  engine]  is  sipho,  which  Hesychius  explains  instmmentum  adjacvlan- 
dus  aquas  advcrsus  incendia — an  instrument  to  throw  up  water  against 
fires.  But  there  is  a  passage  in  Seneca  which  seems  to  put  the  matter 
beyond  conjecture,  though  none  of  the  critics  upon  this  place  have  taken 
notice  of  it.  Solemus  (says  he)  duabus  roanibus  inter  se  junctus  aquam 
conci[)ere  et  compressa  utrinque  palma  in  modum  siphonis  exprimere.  Q,. 
N.  ii,  16,  where  we  plainly  see  the.  use  of  this  sipho  was  to  throw  up 
water.  In  the  French  translation  of  De  Sacy,  (Paris  1809,)  the  word  is 
rendered  pumps  : — "  D'ailleurs,  il  n'y  a  dans  la  ville,  ni  pompes  ni  seaux 
publics,  enfin  nul  autre  des  instrumens  necessaires  pour  eteindre  Ics  em- 
brasemens."  And  Professor  Beckman  quotes  both  Hesychius  and  Isidore 
to  prove  that  **  a  fire-engine,  properly  so  called,  was  understood  in  the  4th 
and  in  the  7th  centuries  by  the  term  sip/io,**  and  we  may  add  tliat  Agri- 
cola  in  the  16th  century  designated  syringes  for  extinguishing  fires  by  the 
same  term.  Heron's  engine  is  also  named  a  siphon.  See  note  p.  307.  • 
From  an  expression  in  the  letter  of  Pliny  just  quoted,  we  learn  that 
men  were  regularly  brought  up  to  the  art  of  extinguishing  fires,  the  same 
as  to  any  other  profession :  Of  the  company  that  he  proposed  to  estab- 
lish, he  remarks,  *'  I  will  take  care  that  none  but  those  of  f/tai  business 
shall  be  admitted  into  it."  The  buildings  in  ancient  Rome  were  very 
high,  the  upper  stories  were  mostly  of  wood,  and  the  streets  and  lanes 
were  extremely  narrow,  hence  the  suppression  of  confiagrations  there 
must  have  been  an  arduous  business,  and  one  that  required  extraordinary 
intre])idity  and  skill ;  qualifications  that  could  only  be  obtained  by  expe- 
rience. Besides  engines  for  throwing  water,  the  firemen  used  sponges  or 
mops  fixed  to  the  end  of  long  poles,  and  they  had  grapples  and  other 
mstruments  by  means  of  which  they  could  go  from  one  wall  to  another, 
(Encyc.  Antiq.)  Of  the  great  elevation  of  the  houses  several  Roman 
writers  speak.  Seneca  attributed  the  ditBculty  of  extinguishing  fires  to 
this  cause.     Juvenal  mentions 

Roofd  that  make  one  giddy  to  look  down.     SaL  vi. 

When  the  city  was  rebuilt  after  the  great  conflagration,  (supposed  to 
have  been  induced  by  Nero,)  the  height  of  the  houses  was  fixed  at  about 
seventy  feet.  These  were  raised  to  a  certain  height  without  wood,  being 
arched  with  stone,  and  party  walls  were  not  allowed.  That  nres  were 
constantly  occurring  in  old  Rome  is  well  known.  Juvenal  repeatddly 
mentions  the  fact  t     Thus  in  his  third  satire  :— 


And  again: 


Rome,  where  one  hean  the  eweri&stimg  aoand 
Orb4*ains  and  raftera  thnndering  to  the  ground. 
Amid  alarroa  by  da/  and  lean  by  night. 

Rut  ]o !  the  flames  bring  yonder  manaion  down 
The  dire  di«uiter  echoes  Uiroiigh  the  town ; 
Men  look  as  if  for  solemn  funeral  clad. 
Now,  now  indeed  these  uigkU§  fires  are  aad. 
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Their  frequency  induced  Augustus  to  institute  a  body  of  watchmen  to 
guard  aguinst  them,  and,  from  the  following  lines  of  Juvenal,  it  appeals 
that  wealthy  patricians  had  servants  to  watch  their  houses  during  the  night 

With  backets  ranged  the  ready  servants  stand, 
Akrt  iU  midnight  by  their  lords'  coitiiiiand.      Sat.  ziv. 

As  every  calamity  that  befalls  mankind  is  converted  by  some  men  to 
their  own  advantage,  so  the  numerous  fires  in  Rome  led  to  the  detestable 
practice  of  speculating  on  the  distresses  they  occasioned.  Thus  Crassus, 
the  consul,  who,  from  his  opulence  was  surnamed  the  Rich^  gleaned  his 
immense  wealth,  according  to  Plutarch  "  from  war  and  froni  fires  ;  he 
made  it  a  part  of  his  business  to  buy  houses  that  were  on  Bre,  and  Others 
that  joined  upon  them,  which  he  commonly  got  at  a  low  price  on  account 
of  the  fear  and  distress  of  the  owners  about  the  event."  But  the  avarice 
of  Crassus,  as  is  the  case  with  thousands  of  other  men,  led  to  his  ruin. 
With  the  hope  of  enlarging  his  possessions,  he  selected  the  province  of 
Syria  for  his  government,  or  rather  for  his  extortion,  because  it  seemed  to 
promise  him  an  inexhaustible  source  of  wealth :  but  by  a  retributive  Provi- 
dence his  army  was  overthrown  by  the  Parthians,  whom  he  itttempted  to 
subdue,  and  who  cut  off  his  head,  and  in  reference  to  his  passion  for  gold 
fused  a  quantity  of  that  metal  and  poured  it  down  his  throat. 

Among  other  precautions  for  preventing  fires  from  spreading  that  were 
adopted  in  Rome  on  rebuilding  the  city,  was  one  requiring  every  citizen 
to  keep  in  his  house  "  a  machine  for  extinguishing  fire."  What  these  ma- 
chines were  is  not  quite  certain,  whether  buckets,  mops,  hooks,  syringes 
or  portable  pumps.  That  they  were  the  last  is  supposed  to  be  proved 
by  a  passage  in  the  writings  of  Ulpian,  a  celebrated  lawyer  and  secretary 
to  tlie  Emperor  Alexander  Severus,  wherein  he  enumerates  the  things 
that  belonged  to  a  house  when  it  was  sold,  such  as  we  nnme  fixtures, 
and  among  them  he  mentions  siphones  employed  in  extinguishing  fires. 
Beck  man  thinks  the  leaden  pipe's  which  conveyed  water  into  the  houses 
for  domestic  purposes  might  be  intended ;  but  thoy  would  hardly  have 
been  designated  as  above,  merely  because  the  water  conveyed  through 
them  was  occasionally  used  to  put  out  fires.  This  was  not  their  chief  use, 
hut  an  incidental  one.  That  they  were  pumps  or  real  fire-engines  was 
the  opinion  of  Alexander  ab  Alexandro,  a  learned  lawyer  of  the  15th 
century ;  an  opinion  not  only  rendered  probable  by  the  terms  used  and 
the  necessity  of  such  implements  for  the  security  of  the  upper  stories, 
which  neither  public  engines  nor  streams  from  the  aqueducts  could  reach, 
but  also  from  tne  apparent  fact,  that  syringes  or  portable  pumps  have  al- 
ways been  kept  (to  a  greater  or  less  extent)  in  dwellings  from  Roman 
times.  And  a  sufficient  reason  why  they  should  generally  be  sold  with 
the  houses,  might  be  found  in  their  dimensions  being  regulated  according 
to  those  of  the  buildings  for  which  they  were  designed. 

The  population  of  Rome  was  so  great  that  the  area  of  the  city  could 
not  furnish  sites  sufHcient  for  the  houses ;  and  hence  (as  Vitruvius  has  ol- 
aerved,  B.  ii,  cap.  8)  the  height  of  the  walls  was  increased  in  order  m 
multiply  the  number  of  stories—*  for  want  of  room  on  the  earth  the  build- 
ings were  extended  towards  the  heavens.'  Portable  fire-engines  were 
therefore  particularly  requisite,  in  order  promptly  to  extinguish  fires  on 
their  Brst  appearance,  whether  in  the  upper  or  lower  floors.  In  the  latter 
case,  when  this  was  not  done,  the  people  in  the  higher  stories  would  bo 
cut  off  from  relief  and  the  means  of  escape.  Were  some  of  our  six  and 
seven  story  buildings  in  the  narrow  streets,  densely  filled  with  human 
beings,  and  a  raging  fire  suddenly  to  burst  out  on  the  fifround  floors,  tl« 
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probability  is  that  many  lives  would  be  lost,  notwithstanding  tie  great 

number  of  our  public  engines,  and  hose  and  ladder  companies.     Juvenal 

intimates  the  distressed  situation  of  those  dwelling  above  under  suck 

circumstances. 

Hark !  where  Ucalegon  for  water  cries 

Casts  out  hid  chattels,  from  the  peril  flies, 

Dense  smoko  is  bursting  from  the  floor  bdow.    Sat.  iii. 

However  perfect  or  imperfect  hydraulic  and  hydro-pneumatic  engines 
in  ancient  Alexandria  and  Rome  may  have  been,  it  is  certain  that  these 
machines  and  the  arts  related  to  them  experienced  the  withering  influ- 
ence of  that  moral  and  mental  desolation  which  raged  throughout  Europe 
during  the  d4irk  ages.  The  decline  of  learning  was  necessarily  accom- 
panied with  a  corresponding  decay  in  all  the  useful  and  ornamental  arts  : 
feme  of  these  have  disappeared  altogether,  and  have  never  been  recover 
ed,  so  that  the  attainments  of  the  ancients  in  them  have  perished.  But  tl:e" 
uonnection  between  literature  and  the  arts  was  as  apparent  in  their  resc*)- 
ration  as  in  their  declension — if  thev  departed  together  they  also  returned 
m  company.  The  revival  of  learmng  not  only  led  to  the  introduction  of 
printing  and  the  invention  of  the  press,  but  it  furnished,  in  the  multi)>lica- 
tion  of  ancient  manuscripts,  then  extant,  immediate  employment  for  both; 
and  although  it  may  be  supposed  that  there  can  be  litt'e  or  no  relation  be 
tween  Greek  or  Latin  manuscripts  and  modern  fire-engines,  yet  there 
really  is  an  intimate  one,  for  it  is  all  but  certain  that  the  first  idea  of  these 
machines  as  now  made,  was  derived  from  Heron's  Spiritalia ;  just  as  the 
application  of  double  and  treble  forcing  pumps  in  modern  water-works, 
was  from  Vitruvius'  treatise  on  architecture.  The  printing  press,  there- 
fore, not  only  opened  the  literary  treasures  of  the  ancients  to  the  world 
at  large,  which  had  previously  been  conflned  to  a  few,  but  at  the  sam" 
time  it  made  us  acquainted  with  some  of  their  machinery  and  their  arts, 
that  had  long  been  forgotten  or  lost  sight  of. 

Fire-engines  were  nearly  or  altogether  forgotten  in  the  middle  ages  ; 
portable  syringes  seem  to  have  been  the  only  contrivances,  except  buckets, 
for  throwing  water  on  fires,  and  from  their  inefficiency  and  other  causes, 
their  employment  was  very  limited.  The  general  ignorance  which  ther 
pervaded  Europe  not  only  prevented  the  establishment  of  manufactories 
of  better  instruments;  but  the  superstitions  of  the  times  actually  discouraged 
their  use.  There  is  not  a  more  singular  fact  (and  it  is  an  incontrovertible 
one)  in  the  history  of  the  human  mind,  than  that  the  religious  doctrines 
and  opinions  of  a  large  portion  of  mankind  should  have  in  every  age 
produced  tlie  most  deplorable  results  with  regard  to  conflagrations.  The 
Parsees,  Ghebres,  &c.  of  Asia,  and  other  religious  sects,  which  have  sub- 
sisted from  the  remotest  ages,  never  willingly  throw  water  upon  tires — 
they  consider  it  criminal  to  quench  it,  no  matter  how  disastrous  the  result 
•may  be :  they  had  rather  perish  in  it  than  thus  extinguish  the  emblem  of  the 
Deity  they  worship.  "  They  would  sooner  be  persuaded  to  pour  on  oyl 
to  increase,  than  water  to  assuage  the  flame.'**  Among  such  people  fire- 
engines  of  course  were  never  used.  Another  and  a  larger  part  of  tho 
human  race  though  they  entertain  no  such  reverence  for  fire,  are  so 
far  influenced  by  the  pernicious  doctrine  of  Fatalmn^  as  to  make  little  or 
no  efforts  to  suppress  it.  They  look  upon  fires  as  the  act  of  God  1  deter- 
mined by  him  !  and  therefore  conclude  it  useless  to  contend  with  him,  in 
attempting  to  extinguish  those  which  He  has  kindled  !  Hence  the  pro- 
verbial indifference  of  Mahommedans  in  the  midst  of  conflagrations.  What 


•  Ovington*8  Voyages  lo  Sunt  in  1689,  page  372. 
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Toften  has  saiJ  of  Sura t  in  particular,  is  applicable  to  every  city  of  Asia 
and  of  the  East.  "  Many  line  buildings  have  been  destroyed  by  fire, 
which,  a'ccording  to  the  Mahommedan  doctrine  of  predestination,  it  is  in 
vain  to  withstand.**  Of  the  Chinese,  by  far  the  shrewdest  of  Asiatics,  Mr, 
Dlvis  remarks,  "  The  foolish  notion  of  fatalism  which  prevails  among  the 
peop:e,  makes  them  singularly  careless  as  regards  fire  ;  and  the  frequent 
occurrence  of  accidents,  has  no  effect  upon  them,  although  the  fearful  con 
flagration  of  1822,  went  far  to  destroy  the  whole  city,"  (Canton.) 

The  miserable  delusions  which  ecclesiastics  established  in  Europe  during 
the  middle  ages  were  quite  as  preposterous,  and  equally  effective  in  par- 
alizing  the  energies  of  the  people.  It  is  difificult  to  reflect  on  them  without 
feeling  emotions  of  wonder  as  well  as  pity,  at  the  wretched  condition  of 
our  race  when  void  of  knowledge  ;  and  of  gratitude,  that  in  our  times  the 

^ackles  of  ignorance  and  superstition  are  rapidly  rusting  away.     It  was 
iommon  belief  that  fires  (and  various  other  calamities)  were  induced  by 

yicked  spirits,  and  that  the  best  mode  of  removing  the  evils  was  by  driv- 
ing the  authors  of  them  away  I  These  intangible  workers  of  mischief, 
according  to  the  demonolog^st»  of  the  times,  consisted  of  numerous  classes, 
•\nd  the  labors  of  each  were  confined  to  certain  elements.     It  was  those 

ft  ho  roamed  in  the  air  that  were  the  greatest  incendiaries.  "  AeriaU 
spirits,  or  divells,  are  such  as  keep  quarter  most  part  in  the  aire  [they] 
cause  many  tempests,  thunder  and  lightnings,  teare  oakeSj^re  steeples, 
/muses,**  &;c.  (See  Burton's  Anatomy  of  Melancholy.)  When  a  house, 
therefore,  was  on  fire,  the  priests,  instead  of  stimulating  by  their  exam 
pie  the  bystanders  to  exert  themselves  in  obtaining  water,  &;c.  had  re 
course  to  the  images  and  pretended  relics  of  saints,  which  they  brought 
out  of  the  churches,  in  order  to  exert  their  influence  in  stopping  the  pro- 
gress of  the  flames,  and  expelling  the  invisible  authors  of  them.  The  pall, 
or  sacred  covering  of  the  altar,  was  also  frequently  carried  in  procession, 
to  contribute  to  the  overthrow  of  the  fiends.  But  when  a  church  itself 
took  fire,  (such  was  the  ignorance  of  the  times,)  the  people  then  heartily 
blasphemed  the  saint  to  whom  it  was  dedicated,  for  not  preventing  the 
mischief;  (Encyc.  Antiq.)  like  Sylla  abusing  the  image  of  Apollo  when 
he  was  defeated  in  battle. 

Other  curious  but  popular  substitutes  for  water  and  fire-engines,  were 
chvLTch  Bells :  thesewere  consecrated  with  imposing  ceremonies.  They  were 
washed  inside  and  out  with  holy  watei^— perturaed  with  censers — anointed 
with  sacred  oil — named  and  signed  with  the  cross,  that  devils  (says  the 
ritual)  "  hearing  this  bell  may  tremble  and  flee  from  the  banner  of  the 
cross  designed  upon  it."  Besicles  striking  demons  with  horror  and  driving 
them  from  the  vicinity,  these  bells  had  the  wonderful  power  of  allaying 
storms,  tempests,  thunder  and  lightning,  and  extinguishing  fires;  and 
some  of  them  had  the  rare  gift  of  ringing  on  important  occasions  of  theii 
own  accord.'  M.  Arago,  in  a  paper  on  Thunder  and  Lightning,  inquires 
(among  other  alledged  means  of  dissipating  thunder  clouds)  into  this  old 
superstition  of  "  Ringing  of  Bells ;"  and  he  cites  specimens  of  prayers, 
ttdl  offered  up,  on  their  consecration,  according  to  the  Paris  Ritual,  "  O 
eternal  God  !  grant  that  the  sound  of  this  Bell  may  put  to  flight  the  fire 
strokes  of  the  enemy  of  man,  the  thunder  bolt,  the  rapid  fall  of  stones,  as 
well  as  all  disasters  and  tempests."  In  the  "Golden  Legend"  of  Wynken 
de  Worde,  the  old  English  printer,  it  is  said  "  the  evil  spirytes  that  ben- 
in  tljc  region  of  ih'  ayre,  doubte  moche  when  they  here  the  Belles  ringeu: 


*  See  a  particular  account  of  the  ceremonies  of  consecrating  bells  as  witnessed  by  tlif 
anther  of'*  Oboervat'ons  on  a  Jouiney  to  Naples."    Lon.  1691. 

40 


314  Ancient  Apparatutfor  ExHnguishmg  Fit  *s,         [Book  lii 

and  this  is  the  cause  why  the  Belles  ringen  whan  it  thondreth,  and  whan 
grete  tempeste  and  rages  of  wether  happen,  to  the  end  that  the  feinds  ind 
wycked  spirytes  should  ben  abashed  and  flee,  and  cease  of  the  movyng** 
of  tempeste."  The  following  lines  to  the  same  effect,  are  from  Baruah> 
Googe,  an  old  British  poet : 

ir  that  the  thunder  chaunce  to  rore, 

And  Btoriuie  tempestes  shake, 
•  ••«»• 

The  clarke*doth  all  the  belles  fiyrthwith 

At  once  in  steeple  ring  : 
With  wondrous  sound  and  deeper  farro 

Than  he  was  wont  before, 
Till  in  the  loAie  heavens  darke, 

The  thunder  bray  no  more. 
For  in  these  christned  belles  they  tlunka 

Doth  lie  such  powre  and  might 
As  able  is  the  teuipeste  great. 

And  storme  to  vanquish  quight 

Tm  ftppV cation  of  bells  to  the  purposes  of  fire-engines  is  also  mention  (Xl 
by  Peter  Martyr,  in  his  "  Common  Places,"  a  work  dedicated  to  Queen 
Elizabeth.  Black  letter,  1583.  Speaking  of  things  consecrated  by  pa- 
pists in  common  with  the  ancient  heathen,  he  says  of  belh — **  they  be 
washed,  they  be  annointed,  they  be  conjured,  they  are  named  and  handled 
with  {u.r  ffreater  pomp  and  ambition,  than  men  are  when  they  are  bap- 
tized, and  more  is  attributed  to  them  than  to  the  prayers  of  godly  men. 
For  they  say,  that  by  the  ringing  of  them — ^the  wicked  spirits,  the  host  cl 
adversaries,  the  laying  await  of  enemies,  tempestes,  hayle,  stormes,  whirl- 
windes,  violent  blastes  and  hurtfuU  thunderclaps,  are  driven  away,  flames 
and  FIRES  are  extinguished,  and  finally  whatever  else  soever  1"  Part  iv, 
cap.  9,  p.  125. 

There  is  no  small  ringing  of  bells  in  this  city  (New- York)  during  fires; 
but  their  unaided  eflfects  on  the  devouring  element,  ere  other  means  have 
arrived,  has,  we  believe,  been  but  small.  Few  have,  however,  been  con- 
secrated ;  but  as  from  one  to  two  hundred  Spanish  bells  have  recently 
been  sold  here,  (having  been  taken  from  the  convents  in  consequence  of 
the  civil  war  which  has  so  long  raged  in  that  country,)  this  virtue  of  sacred 
bells  may  soon  be  tested.  Certainly,  if  they  can  do  a  moiety  of  tlie  good 
things  mentioned  above,  they  were  worth  much  more  than  forty  cents  per 
lb.  the  average  price  at  which  they  were  sold. 

We  have  had  recourse  in  a  few  instances  to  heraldry,  or  rather  to  the 
emblems  or  personal  devices  of  ancient  families,  for  information  respecting 
machines,  some  of  which  are  no  longer  in  use ;  as  the  eolipile,  and  the 
atmospheric  sprinkling  pot :  see  pages  261  and  396.  Besides  these  the 
syringe  and  the  bellows  have  also  been  adopted  on  such  occasions;  and  it 
may  be  here  observed  that  the  device  of  Galeaz,  duke  of  Milan,  tlie  second 
of  the  name,  was  a  brand  burning  and  two  fire  buckets  *  This,  although  no 
proof  that  machines  of  the  pump  kind  were  not  in  use  to  extinguish  fires 
m  Italy  during  the  15th  century,  is  an  indication  that  none  were  employed 
at  the  time  when  the  device  was  adopted. 

The  oldest  sketch  of  a  complete  set  of  apparatus  for  extinguishing  fir'^ 
that  we  have  seen,  is  in  a  cut  representing  the  interior  of  a  laboratory  \yr 
■melting  furnace,  in  the  De  Re  Metallica  of  Agricola,  page  308.  i'be 
implements  are,  a  syringe,  a  sledge  hammer,  two  fire  hooks  and  three 
leathern  buckets  ;  conveniently  arranged  against  a  wall.  See  the  an.nexed 
illustration.     These  figures  seem  to  have  escaped  the  notice  of  Beckman 


>  Devices  Herolques.    A  Lyon.  1577,  pa«e  50 
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and  subsequent  authors,  nor  is  this  surprising  since  they  form  a  very  smal 
ind  obscure  part  of  the  original  engraving.  We  noticed  the  latter  several 
Ames  before  obsendng  them.  The  syringe  was  made  of  brass  ;  it  is  de- 
signated siphunculus  ori- 
ckidceus,  cujus  utus  est  in 
mcendiis.  In  these  figures 
"we  behold  all  that  was 
preserved  through  tho 
middle  ages  of  ancient 
firemen's  machinery :  the 
engine  of  Heron  seems  to 
have  been  quite  forgotten. 
Indeed  the  syringe  itself 
was  not  generally  used  in 
Euroiie  till  late,  for  it  was 
not  till  the  close  of  the 
16th  century  that  **  hand 
squirts,"  as  they  were 
named,  were  introduced 
into  London.  Previous  to 
that  time  watchmen,  buck 
ets,  hooks  and  ladders,  on- 

No.  148.  Flw»n,«i»-  Apparatu.  fn>«  Agricola.  j^  ^^^  j^   ^^       Cutting 

away  with  axes  and  throwing  water  from  buckets  are  mentioned  (observes 
Posbroke)  by  Petronius  and  Grervase  of  Canterbury.  The  owners  of 
houses  or  chimneys  that  took  iire  were  fined;  and  men  were  appointed  to 
watch  for  fires  and  give  the  alarm.  In  1472  a  night  bellman  was  em 
ployed  in  Exeter  to  alarm  the  inhabitants  in  case  of  fire,  and  in  1558, 
leaUiern  buckets,  ladders  and  crooks,  were  ordered  to  be  provided  for 
the  same  city;  no  application  of  the  pump  teems  to  have  been  then 
thought  of. 

Syringes  continued  to  be  used  in  London  till  the  latter  part  of  the  17th 
century,  when  they  were  superseded  by  more  perfect  machines.  An  ac- 
count of  them  and  the  mode  of  working  them  would  make  a  modem  fire- 
man smile.  They  were  usually  made  of  brass  and  held  from  two  to  four 
quarts.  The  smaller  ones  were  about  two  feet  and  a  half  long,  and  an 
inch  and  a  half  in  diameter ;  the  bore  of  the  nozzles  being  half  an  inch. 
Three  fnen  were  required  to  work  each,  which  they  achieved  in  this  man- 
ner :  two,  one  on  each  side,  grasped  the  cylinder  with  one  hand  and  the 
nozzle  withr  the  other ;  while  the  third  one  worked  the  piston  !  Those 
who  held  the  instrument  plunged  the  nozzle  into  a  vessel  of  water,  the 
operator  then  drew  back  the  piston  and  thus  charged  the  cylinder,  and 
when  it  was  raised  by  tlie  bearers  and  in  the  required  position,  he  pushed 
in  the  piston  and  forced,  or  rather  endeavoured  to  force,  the  contents  on 
the  fire.  We  are  told  that  some  of  these  syringes  are  preserved  ir  one 
or  two  of  the  parish  churches.  It  can  excite  no  'surprise  that  London 
•hould  iiave  been  almost  wholly  destroyed  in  the  great  fire  of  1G6G,  when 
Buch  were  the  machines  upon  which  the  inhabitants  chiefly  depended  for 
protecting  their  property  and  dwellings.  If  the  diminutive  size  of  these 
instruments  be  considered,  the  number  of  hands  required  to  work  each, 
beside  others  to  carry  water  and  vessels  for  them,  the  difficulty  and  often 
impossibility  of  approaching  sufRciently  near  so  as  to  reach  »he  fiamtv 
with  the  jet,  the  loss  of  part  of  the  stream  at  the  beginning  and  end  of 
each  stroke  of  the  piston,  and  the  trifling  effect  produced — the  whole  act 
f»f  usine:  them,  appears  rather  as  a  farce,  or  the  gambols  of  overflprown 
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boys  at  play,  than  the  well  directed  energies  of  men  to  subdue  the  raging 
element. 

In  Asia  syringes  have  probably  been  always  in  limited  use.  They  aie 
the  only  instruments  of  the  pump  kind  now  known  there,  if  China  be  ex- 
cepted. Very  effective  engines  on  the  European  plan  are  made  by  tho 
Chinese.     (Chinese  Repos.  vol.  iv.) 

The  fire-engine  of  the  Turks  is  an  improvement  on  the  syrmge,  but 
not  much  more  effective.  The  author  of  "  Sketches  of  Turkey"  observes, 
when  speaking  of  fires  in  Constant'mople,  **  Indeed,  when  we  afterwards 
saw  the  machines  used  by  the  Turks  to  extinguish  fires,  we  were  not  sur- 
prised at  the  feeble  resistance  which  they  could  oppose  to  the  progress  of 
the  devouring  element.  The  engines,  m  fact,  are  not  larger  than  those 
employed  with  us  to  water  gardens :  they  have  but  a  single  chamber, 
which  is  about  eight  inches  long  by  three  or  four  in  diameter  ;  they  arc 
readily  carried  about  by  hand."  Commodore  Porter,  in  his  interesting 
account  of  " Constantinople  and  its  Environs,"  says  their  fire-engines  "are 
like  those  we  use  in  our  gardens,  for  watering  the  beds  and  walks,  and  de- 
liver about  as  much  water  as  a  good  large  syringe.  When  an  alarm  of  fire 
is  given,  a  man  seizes  on  one  of  these  and  runs  to  the  spot  indicated,  with 
the  engine  on  his  shoulder,  another  brings  a  skin  of  water,  pours  it  into 
the  reservoir  and  they  pump  away."  A  characteristic  anecdote  is  thus 
facetiously  related  by  Commodore  Porter.  "  They  had  heard  of  the  fire- 
engines  and  fire  companies  of  the  United  StAtes — how  half  a  shingle  could 
be  burnt,  and  the  engines  save  the  other  half  from  the  flames.  They  could 
not  understand  it.  Mr.  Eckford  fortunately  arrived  with  his  beautiful 
ship,  having  one  of  our  engines  on  board,  requiring  some  twenty  men  to 
work  it.  The  Capudan  Pacha  heard  of  it — *  Mash  Allah !  let  us  see  it,' 
exclaimed  the  old  man.  The  engine  was  brought  on  shore  and  placed  in 
the  Navy  Yard  ;  a  short  suction  was  fixed  to  it  and  put  into  the  Bospho- 
rus;  men  were  set  to  work  it — the  Navy  Yard  was  soon  inundated,  and 
the  Bosphonis  began  to  run  .Iry  !  *  Mash  Allah  !'  said  he,  *  very  good 
—but  it  will  recjuire  a  sea  to  supply  it  with  water.  It  won't  do  for  us, 
for  there  is  no  sea  in  the  middle  of  the  city.*  They  therefore  have  thought 
best  O)  stick  to  their  squirts,  and  to  let  the  fire  spread  until  the  wind 
changes,  or  it  is  tired  of  burning." 

Sandys,  in  the  beginning  of  the  17th  century,  visited  Constantinople, 
and  speaks  of  the  frequency  of  fires  in  that  city  :  he  observes,  "  It  is  not  to 
be  marvelled  at,  for  the  citizens  dare  not  quench  the  fire  that  burneth  their 
own  houses,  because  officers  are  appointed  for  that  purpose."  He  is  si- 
lent respecting  the  instruments  then  used. 

When  the  useful  arts  began  to  excite  attention,  the  defects  of  T>ortable 
syringes  were  too  apparent  to  be  neglected,  hence  in  the  early  j)art  of  the 
16th  century  several  attempts  were  made  to  remedy  them,  uy  those  no- 
ble spirits  who  burst  through  the  prejudice  that  had  so  long  consigned 
the  subjects  of  practical  mechanics  to  the  mere  makers  of  machines,  as  one 
unworthy  of  a  philosopher's  pursuit;  and  from  the  cultivation  of  which 
no  distinction,  save  such  as  was  allied  to  that  of  a  skilful  artisan,  could 
be  derived — a  species  of  fame  from  which  professors  of  philosophy  shrunk, 
like  Plato,  with  feelings  of  horror.  To  render  the  syringe  an  efficient  fire- 
engine,  would  seem  to  be  impossible,  except  by  converting  it  into  a  fore 
ing  pump,  and  in  that  case  it  would  be  no  longer  a  syringe.  As  long, 
therefore,  as  such  an  idea  did  not  occur  to  engineers,  they  had  no  resource 
bat  to  improve  the  "  squirt"  as  well  as  they  could  ;  and  however  hope- 
less the  task  may  now  appear,  it  was  not  only  attempted,  but  to  a  certain 
extent  accomplished,  and  with  considerable  ingenuity  too,  as  will  appear 
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frani  iie  fdllo^ng  figure,  Ko.  143.  It  !a  descrtlied  in  Besaoa's  '  Thea 
Ire,"  a.iiij  must  therefore  have  been  invented  previous  to  li>6d,  tbij  date  r* 
the  pemiiBaion  to  print  hia  work. 
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"  Propotiliiin  De  L'Auiheur  : — Artifice  autant  aiugulier  {comme  Jt 
pense)  que  non  point  comraun,  pourjectcr  I'eai:  contre  un  grand  feu, 
medmemcnt  lora  que  pour  ta  grandeur  de  la  flamme,  nul  ne  pent  entrcr 
ay  approclier  de  li  maison  qui  brusle.  Dviiarati-m  de  la  mesme^igtire  : 
Cest  instrument,  qui  est  faict  en  forme  de  Cone,  Be  Boustieni  Bur  deux 
Routes  :  ayant  Ba  bouche  tciurn^e  vers  !e  sepcentrlon  :  et  aupreB  de  sa 
base  il  y  a  des  demi  cercles,  qui  servent  a  I'hausser,  au  baisscr,  d'avan- 
tage  vera  Ba  dicte  bouche  septentrionale  est  un  Eticonnoir,  pour  y  verser 
I'esu  dedans :  et  en  sabase,  ou  bien  partie  meridionale,  est  une  vis,  dont 
est  pousse  dedans  et  recul<^  un  Boston  suqueL  sont  dea  Estouppes,  aini' 
qu'aux  siringues.      Le  teste  appert," 

In  reading  the  above,  it  should  be  remembered  that  lelteri  of  referenoi 
to  designate  the  different  parta  of  machines  were  not  theo  in  genera)  uae, 
but  the  sides  and  angles  of  the  pagea  were  marked  with  various  points  of 
the  compass ;  and  particular  parts  pointed  out  by  their  position  with  re 
gard  to  these,  and  by  the  interjection  of  lines  drawn  between  them.  In 
this  engine  several  defects  of  the  "  hand  squirts"  are  avoided  ;  as  the  ne- 
cessity of  inverting  the  instrument  to  refill  it  by  plunging  the  nozzle  into 
the  vessel  of  water,  the  small  quantity  contained  in  the  former,  and  the 
consequently  incessant  repetition  of  the  operation  and  interruption  of  the 
jet,  and  the  difficulty  of  directing  it  on  the  flames  with  certainty  or  preci- 
sion. Besson,  (if  he  was  the  inventor,)  therefore,  greatly  enlarged  the 
capacity  of  the  cylinder,  making  it  sufficient  to  contain  a  barrel,  or  more  ; 
and  as  a  matter  of  necessity,  placed  it  on  a  carnage.  To  eject  the  water 
uniformly,  he  moved  the  piston  by  a  screw;  and  when  the  cylinder  was 
emptied,  it  was  refilled  through  the  funnel  by  an  attendant,  as  the  piston 
■      ■    ■  "         '  '   n  of  the  '       "'■ 


n  back  by  reversing  the  motion  of  the  CTank.  When  recharged, 
the  atop  cock  in  the  pipe  of  the  funnel  was  ciosed  and  the  liquid  forced 
out  aa  before.  As  flexible  pipes  of  leather,  the  "  ball  end  socket"  and 
"  gooae-neck"  joints  had  not  been  introduced,  some  mode  of  ckanging 
the  directiim  of  the  jel  of  this  enormous  syringe  was  necessary.  To  effect 
this,  it  is  represented  as  suspended  on  pivots,  which  rest  in  two  upright 
posta  :  to  these  are  secured  (see  (igure)  two  semicircular  straps  of  iron, 
whose  centres  coincide  with  the  axis,  or  pivots,  on  which  the  syringe 
turns.  A  number  of  holes  are  made  in  each,  and  are  so  arranged  as  to  ne 
opposite  each  other.  A  bolt  is  passed  through  two  of  these,  and  alic 
through  a  similar  hole,  in  a  piece  of  metal,  that  is  firmly  secured  to  the 
a|>|>er  part  of  the  open  end  of  the  cylinder;  and  thus  holds  the  latter  ir 
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any  position  required  The  iron  frame  to  which  the  liox  or  female  part 
of  the  screw  is  attached,  is  made  fast  to  the  cylinder ;  and  it  is  through  a 
projecting  piece  on  the  end  of  this  frame  that  the  bolt  is  passed.  By 
these  means,  any  elevation  could  be  given  to  the  nozzle,  and  the  syringe 
could  be  secured  by  passing  the  bolt  through  the  piece  just  mentioned, 
and  through  the  corresponding  holes  in  the  straps.  When  a  lateral  chango 
in  the  jet  was  required,  the  whole  machine  was  moved  by  a  man  at  the 
end  of  the  pole,  as  in  the  figure.  To  the  frame,  jointed  feet  were  attach- 
ed, which  were  let  down  when  the  engine  was  at  work.  The  women 
represented  (one  only  is  given  in  our  figure)  reminds  us  of  a  remark  by 
Fosbroke:  "In  the  middle  ages  during  fires  women  used  to  fetch  water 
in  brazen  pails  to  assist.'*  Considering  the  age  when  this  engine  was 
devised  and  the  objects  intended  to  be  accomplished  by  it,  it  certainly 
has  the  merit  of  ingenuity  as  well  as  originality.  Beroald  says  of  it : 
"  Ceste  noble  in^^ention  est  si  souvent  requise,  pour  esteindre  les  grand 
feux  desquels  on  ne  pent  approcher ;  que  sans  faute  elle  merite  d*estre 
plus  au  long,  et  plus  ouvertement  expliquee,  afin  qu'elle  soit  mieux  en- 
tendue."  It  will  *oe  obvious  to  every  practical  mechanic  that  engines  of 
this  kind,  of  large  dimensions,  must  have  been  at  best  but  poor  affairs.  To 
make  the  piston  work  sufficiently  accurate  and  tight,  and  to  keep  it  so. 
must  have  l^een  a  work  of  no  small  dilHculty. 

A  correspondent,  in  a  late  number  of  the  Lon.  Mechanics'  Magazine, 
vol.  XXX,  has  communicated  a  very  imperfect  figure  of  this  engine  to  that 
work,  extracted  from  an  English  book,  published  in  J 590,  entitled  "A 
Treatise  named  Lucarsolacb,  divided  into  four  books,  which  in  part 
are  collected  out  of  diverse  authors,  diverse  languages,  and  in  part 
devised  by  Cvprian  Lucar,  Gentleman."  London :  1590.  It  is  very 
obvious  that  Lucar  copied  the  engine  in  question  from  Besson's  work, 
which  was  published  in  1579,  but  was  authorized  to  be  printed  in  1568 ; 
and  which  Besson*s  deaUi  then  prevented.  The  following  extract  from 
Lucar's  book  is  not  without  interest.  "And  here  at  the  end  of  this  chapter 
I  will  set  before  your  eyes  a  type  of  a  *  squirt*  which  hath  been  de- 
vised to  cast  much  water  upon  a  burning  house,  wishing  a  like  squirt  and 
plenty  of  water  to  be  alwaies  in  a  readinesse  where  fire  may  do  harme ;  for 
this  kind  of  squirt  may  be  made  to  holde  an  hoggeshed  of  water,  or  if  you 
will,  a  greater  quantity  thereof,  and  may  be  so  placed  on  his  frame,  that 
with  ease  and  a  smal  strength,  it  ^ahl  be  mounted,  imbased  or  turned  to 
any  one  side,  right  against  any  fired  marke,  and  made  to  squirt  out  the 
water  upon  the  fire  that  is  to  be  quenched." 

The  Germans  were  proverbially  in  advance  of  the  res.t  of  Europe  in 
the  15th,  16th  and  17th  centuries,  in  almost  every  department  of  the  arts. 
"  The  excellency  of  these  people  [observes  Heylin  m  his  Cosmography] 
lieth  in  the  mechanic  part  of  leammg,  as  bein^  eminent  for  many  mathe* 
matical  experiments,  strange  water-tDorks^  medicmal  extractions,  chemistry, 
the  art  of  printing,  and  inventions  of  like  noble  nature,  to  the  no  less  be* 
nefit  than  admiration  of  the  world."  As  early  as  A.  D.  1518,  some  kind 
of  fire-engines  were  used  in  Augsburg,  being  mentioned  in  the  buildinff 
accounts  of  that  city.  They  were  named  "  instruments  for  fires,"  and 
'  water  syringes  useful  at  fires."  Their  particular  construction  is  unknown ; 
out  from  a  remark  in  the  accounts  respecting  wheels  and  poles,  they  are 
supposed  to  have  been  placed  on  carriages :  they  were  probably  uarge 
lyringes  and  mounted  like  the  one  represented  in  the  last  figure. 

The  oldest  pump  engines  of  modem  times  were  certainly  made  in  Ger- 
many, and  about  the  close  of  the  16th  or  >  eginning  of  the  next  century. 
The  first  one  noticed  by  Beckman  is  that  of  Hautsch,  which  tlie  Jesuit 
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Schor.tuB  saw  tried  at  Nuremberg  in  16S6,  In  giving  «a  account  lA'  it, 
Schottus  remarks  that  the  invention  was  not  then  new,  it  being  known  iit 
other  cities,  and  he  himself  remembered  having  seen  a  Hmall  one  in  hia 
natirn  city  (Ronigshofen)  forty  years  before,  conse<]uently  about  lfil7. 
We  are  not  informed  by  either  the  professor  or  Jesuit  of  the  particnlar 
construcdon  of  this  small  engine,  but  there  is  a  book  exioitt  that  wa£  pub 
li«hed  in  1G15,  which  contains  a  figure  and  description  of  a  Gormar 
engine  of  that  time,  and  which  furnishes  the  information  desired.  This 
book,  is  the  "Forcible  Movements"  of  Decaus,  a  work  which,  like  the 
Theatre  des  Tnstrumens  of  Besson,  escaped  the  notice  of  Beckman.* 


Ng.  IM  GtmiB  Pomp  EDfina  (Mb  Dkuii.  A.  D.  ISI^ 
This  machine  is  named  "  A  rare  and  necessary  Engin,  by  which  yon 
may  give  great  relicfo  to  houses  that  are  on  fire  :"  we  give  the  whole  of 
the  explanation  ;  "  This  engin  i^  much  practiced  in  German]/,  and  it  hath 
been  seen  what  great  and  ready  help  it  may  bring;  for  although  the  fire 
be  40  foot  high,  the  said  engin  shall  there  cast  its  water  by  help  of  four 
or  five  men  lifting  up  and  putting  down  a  long  handle,  in  form  of  a  lever, 
where  the  handle  of  the  pump  is  fastncd  :  the  said  pump  is  easily  un- 
derstood :  there  are  two  suckers  f  vaives]  within  it,  one  below  lo  open  when 
the  handle  is  lifced  up,  and  to  shut  when  it  is  put  down  ;  and  another  to 
open  to  let  out  tlie  water:  and  at  the  end  of  the  said  engin  there  is  a  man 
which  holds  the  copper  pipe,  turning  it  to  and  again  to  the  place  where 
the  fire  shall  be."  In  other  words,  this  was  a  single  forcing  pump,  such 
as  figured  atNo.  118,  and  secured  in  a  tub.     For  the  convenience  of 

•  or  DecRQ*'  history  Kurcelj  any  thing  ia  known — eTen  hi«  nnme  ii  led  in  dai^t,  fbr 
hr.  a  iomeluno*  iiuned  Uaak,  ■!  otliers  Sulonum  da  Cnns.  An  nccnuiit  of  hu  book  may 
be  seen  in  dman'sAnecdoler  or  the  Sleain-tlniiiiis.  vol.  i,  p.  '£7.  But  tliera  seeinn  to  br 
an  error  in  the  note  given  of  llie  English  trannlaiion  by  Lenh,  which  ia  atated  to  hav>. 
been  mule  in  1707,  wberen*  the  Ropy  in  our  poneniiOD  ia  dated  nearly  Gfly  yran  ear- 
lier. It  is  sntittwl  "  Nhw  and  rare  inventions  of  Water-works,  ahewin;  the  SMiert 
waiei  lo  rniae  water  higher  then  the  ipriog  ;  by  which  invention  the  peipetual  motion 
ia  propoied,  many  hardlaboLira  performed  and  varieliea  of  motiona  and  soundi  pro 
diiGoil.     A  work  both  mefvW,  prolilable  and  delightful]  for  all  aorta  of  peo^ile:  BM 


,  late  famoui  Et 


'li  by  John  Lxak."    London :  printed  by  and  for  Joseph  Hoion.  1660 


rz 


380  Engines  and  SquirU  at  the  Fire  of  London,  1666.     [Bcok  liL 

cruAsportation  the  whole  was  placed  on  a  sled,  and  dragged  to  a  fire  b^ 
ropes.  The  bore  of  the  forcing  pipe  seems  to  have  been  small  comparca 
with  that  of  the  pump  cylinder,  a  circumstance  combined  with  the  long 
lever  and  the  number  of  men  employed  in  working  the  latter,  that  contri- 
buted to  increase  the  elevation  of  the  jet.  This  machine  exhibits  a  de- 
cided improvement  on  the  primitive  syringe,  and  constitutes  a  great  step 
towards  the  modern  engine.  In  the  short  angular  tube  to  which  the  jet 
pipe  is  attached,  we  behold  the   germ  of  the  more  valuable  goose-neck. 

Notwithstanding  the  superiority  of  pump  engines  over  the  syringe,  manv 
years  elapsed  before  they  were  generally  adopted.  **  The  English  [oIh 
serves  a  British  writer]  appear  to  have  been  unacqutiinted  with  the  pro- 
gress made  by  the  German  engineers ;  or  to  have  been  very  slow  in 
availing  themselves  of  their  discoveries,  for  at  the  close  of  the  16th  cen- 
tury "  /land  squirts"  were  first  introduced  in  London  for  extinguishmg 
fires ;  and  it  was  not  till  the  beginning  of  the  next,  that  they  began  to 
place  them  in  portable  and  larger  reservoirs— when  placed  in  the  latter 
and  worked  by  a  lever,  the  engmes  thus  obtained  were  considered  a  great 
mechanical  achievement ;  for  when  in  1633,  three  of  them  were  taken  to 
extinguish  a  large  fire  on  London  bridge,  they  were  considered  ***such 
excellent  things,  that  nothing  that  was  ever  devised  could  do  so  much 
good,  yet  none  of  them  did  prosper,  for  they  were  all  broken."  The  ob- 
servation that  "  hand  squirts"  or  syringes  were  placed  in  reservoirs  and 
then  worked  by  a  lever  is  not  strictly  correct :  they  were  small  forcing 
pumps  that  were  employed.  A  syringe  could  not  act  at  all  if  permanently 
fixed  in  a  vessel,  because  it  discharges  the  water  through  the  same  orifice 
by  which  it  receives  it.  Some  improvements  were  niade  on  fire-engines 
by  Greatorix  m  1656,  as  mentioned  by  Evelyn  :  what  they  were  is  not 
known.  The  prf)hability  is,  that  they  related  to  the  carriage  or  sled.  If 
his  engines  were  the  same  that  were  advertised  in  16oS,  this  was  the 
case,  for  they  were  recommended  as  "  more  traversable  in  less  room,  and 
more  portable  than  formerly  used."     Fosbroke's  Encyc.  Antiq. 

But  tlie  fire-engine  as  thus  improved  had  still  many  imperfections  :  the 
water  was  projected  in  spurts  as  from  a  syringe  ;  and  the  jet  not  only 
ceased  with  the  stroke  of  the  piston,  but  a  portion  o£  the  water  was  in 
consequence  lost  by  falling  between  the  fire  and  engine  at  the  termination 
of  each  stroke.  An  obvious  mode  of  rendering  the  jet  constant  was  by 
connecting  two  pumps  to  one  discharging  pipe,  (as  in  the  figure  of  Heron's,) 
and  workmg  the  pistons  alternately  eitlier  by  a  double  lover  or  two  single 
ones.  This  was  first  adopted  by  the  old  German  engineers,  and  thus 
another  step  was  taken  x wards  perfecting  these  useful  mstruments.  In- 
stead of  a  circular  tub,  a  square  box  or  cistern  was  adopted  and  mounted 
on  four  solid  wheels  m  place  of  a  sled ;  and  a  strainer,  or  false  bottom, 
perforated  with  numerous  small  holes,  was  placed  within  the  cistern  to 
prevent  gravel  or  dirt,  thrown  in  with  the  water,  from  entering  the  pump, 
buch  appear  to  have  been  the  best  fire-engines  in  England  when  the 
firreat  fire  in  London  occurred  in  1666.  They  are  referred  to  in  the  ofllicial 
account  of  the  fire,  dated  WTiitehall,  September  8th,  of  the  same  year— 
"this  lamentable  fire  in  a  short  time  became  too  big  to  be  managed  by  any 
engines,**  But  nothing  can  show  their  general  inefficiency  in  a  stronger 
light  than  the  measures  adopted  by  the  city  government  the  following  year 
to  guard  against  a  similar  calamity.  Instead  of  relying  upon  engines,  they 
•com  to  have  retained  their  confidence  in  the  old  syringe. 

1.  By  an  act  of  the  Common  Council,  the  city  was  divided  into  foui 
districts,  and  "  each  thereof  was  to  be  provided  with  eight  hundred  lea- 
thern buckets — fifty  ladders,  of  different  sizes,  from  twelve  to  forty-two 
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feet  in  length— /tro  brazen  hand  squirts  to  each  parish — four-ar.d-twenty 
pickax  sledges — and  forty  shod  shovels. 

2.  That  each  of  the  twelve  companies  provide  themselves  ^vith  an  en* 
gine — thirty  buckets — three  ladders — six  pickax  sledges — and  tivo  hami 
squirts  ;  to  be  ready  upon  all  occasions.  And  the  inferior  companies  sash 
a  number  of  smaJll  engines  and  buckets,  as  should  be  allotted  them  by  th«* 
Lord  Mayor  and  court  of  Aldermen. 

3.  That  the  Aldermen  passed  the  office  of  Shrievalty,  do  provide  their 
several  houses  with  four-and- twenty  buckets,  and  one  hand  squirt  each 
and  those  who  have  not  served  that  office,  twelve  buckets  and  one  hxina 
squirt  each. 

4.  And  for  the  effectual  supplying  the  engines  and  squirts  with  water 
pumps  were  to  be  placed  in  all  wells ;  and  fire  plugs  in  the  several  main 
pipes  belonging  to  the  New  River  and  Thames  Water- works."  Maitland. 

The  oldest  account  of  English  fire-engines  that  we  have  seen  is  in  a 
small  old  quarto  in  our  possession,  the  title  page  of  which  is  wanting. 
From  two  poetical  addresses  to  the  author,  it  appears  that  the  initial  let- 
ters of  his  name  were  I.  B.,  and  that  the  work  was  entitled  "  A  Treatise 
on  Art  and  Nature."  Two  thirds  of  it  are  occupied  with  "  water- works," 
and  the  rest  with  "fier- works,"  except  four  or  five  pages  "on  voyces,  cals, 
cryes  and  sounds  ;"  i.  e.  on  making  of  whistles,  &c.  for  sportsmen  to  imi-. 
tate  the  voices  of  certain  birds  and  other  game.  The  date  of  publicatior 
was  about  1G34 :  this,  we  infer  from  page  51,  where,  speaking  of"  The 
engin  near  the  north  end  of  London  bridge,  [he  observes]  which  engin  1 
circumspectly  vieued  as  I  accidentally  passed  by,  immediately  after  tho 
uz/e  fier  that  was  upon  the  bridge.  Anno  1633."  Shops  ana  dwelling 
houses  were  built  on  both  sides  of  the  bridge  at  that  time. 

After  describing  several  modes  of  raising  water  by  sucking,  forcing  and 
chain  pumps,  he  continues :— "  Having  sufficiently  spoken  concerning 
mils  and  engins  for  mounting  water  for  meer  conveyance,  thence  we  may 
derive  divers  squirts  and  petty  engins  to  be  drawn  upon  wheeles  from 
place  to  place,  for  to  quench  fier  among  buildings  ;  the  use  whereof  hath 
been  found  very  commodious  and  profitable  in  cities  and  great  townes." 
Hence  engines  were  at  this  time  not  uncommon  in  England.  No  less 
than  seven  are  figured  by  the  author,  and  all  are  placed  in  cisterns  or  tubs 
mounted  on  wheels :  neither  air  vesselis  nor  hose  pipes  are  described  or 
mentioned.  Five  of  the  engines  consist  of  single  cylinders ;  of  these  some 
are  in  a  perpendicular  position,  others  are  laid  horizontally,  and  one  is 
inverted,  and  fed  by  a  branch  pipe  covered  by  a  valve.  The  last  one  figured 
has  two  horizontal  cylinders,  a  suggestion  of  the  author's,  and  the  piston 
rods  are  shown  as  worked  alternately  by  pallets  or  arms  on  a  vertical 
shaft,  to  which  a  reciprocating  rotary  movement  was  imparted  by  pushing 
A  horizontal  lever  to  and  fro.  One  of  these  old  fire-engines  is  a  species 
of  bellows  pump,  the  construction  of  which  we  will  endeavour  to  explain: 
Two  brass  vessels  were  connected  at  their  open  ends  to  a  bag  of  lea- 
ther :  they  resemble,  both  in  shape  and  size,  two  men's  hats,  the  linings 
of  which  being  pulled  out  and  sewed  together  form  a  cylindrical  bag 
between  them.  A  circular  opening,  six  or  seven  inches  in  diameter,  was 
made  through  a  horizontal  piece  of  plank  fixed  in  the  cistern  of  the  engine, 
and  over  this  opening  one  of  the  vessels,  with  its  crown  upwards,  was 
placed,  and  made  fast  by  screws  through  the  rim  :  the  other  vessel  being 
suspended  from  it  by  the  bag  and  hanging  loosely  in  the  water.  Within 
the  lower  vessel  (in  the  centre  of  its  bottom)  a  valve  opening  upwards  ad- 
mitted the  water,  and  on  the  top  or  crown  of  the  upper  vessel,  another 
valve,  also  opening  upwards,  was  placed.    Over  the  last  valve  the  base  of 
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the  jet  pipe  was  secured.  To  work  this  machine,  the  rim  of  the  lower 
vessel  was  connected  at  opposite  points,  by  two  iron  rods  or  slings  and  a 
croa^  head,  to  the  end  of  a  lever,  by  which  the  lower  vessel  was  moved  ud 
and  down— compressing  the  bag  when  raised,  and  stretching  it  to  its 
natural  length  when  lowered;  like  the  lantern  bellows  No.  105,  or  the  bel- 
lows pump  No.  106.  To  make  the  vessel  rise  and  fall  perpendicularly, 
the  t\ro  rods  were  passed  through  holes  in  the  plank.  Water  was  kept 
in  the  cistern  as  high  as  the  plank ;  so  that  when  the  movable  vessel  was 
raised  the  contents  of  the  bag  would*  be  forced  into  the  upper  vessel  and 
expelled  through  the  jet  pipe,  and  when  it  was  again  lowered,  the  water 
would  enter  through  its  valve  and  fill  both  as  before.  These  engines.  b«> 
observes,  had  sometimes  two  levers  and  were  worked  by  two  men,  *•  the 
lower  brasse  [vessel]  being  poysed  with  two  sweeps." 

The  goose-neck  was  used  in  England  at  this  time.  It  is  not  represented 
in  the  figures,  which  are  ver^  indifferently  executed,  but  is  sufRcienlly 
well  defined  in  the  description  of  one  of  the  engines.  The  author  directs 
a  hollow  ball  to  be  placed  on  the  orifice  of  the  forcing  pipe,  "  having  a 
[jet]  pipe  at  the  top  of  it,  and  made  to  screw  another  pipe  [elbow]  upon 
It,  to  direct  the  water  to  any  pl€iceJ'* 

Small  or  hand  engines  continued  to  be  employed  in  London  in  the  18th 
century.  This  appears  from  a  law  passed  in  the  6th  year  of  Queen  Anne's 
reign,  by  which  it  was  enacted  that  **  each  parish  shall  keep  a  large  en- 
gine, and  an  hand  engine,  and  a  leather  pipe,  and  socket  of  the  same  slzd 
as  the  plug  or  fii*e  cock,  [of  the  water  mams,]  that  the  socket  may  be  put 
into  the  pipe  to  convey  the  water  clear  to  the  engine,"  under  a  penalty  o? 
ten  pounds.  In  case  of  a  fire,  the  first  person  who  arrived  with  a  parish 
engine  to  extinguish  it  was  entitled  to  thirty  shillings — the  second  twenty, 
and  the  third  ten,  provided  the  engines  were  in  good  order,  **  with  a  socket 
or  hose,  or  leather  pipe."  The  followine  year,  the  owners  or  keepers  of 
"  other  large  engines,"  (not  parish  engines,)  were  entitled  to  the  same 
reward  upon  arriving  with  them  and  assisting  in  extinguishing  a  fire. 

It  is  a  singular  proof  of  the  general  ignorance  of  hydraulic  machinery, 
or  want  of  enterprise  in  London  pump  makers  of  the  16th  and  17th  cen- 
turies, that  they  so  long  continued  the  use  of  "  squirts"  and  engines  with 
single  cylinders,  when  they  had  daily  before  their  eyes  in  the  Thames 
Water-works  examples  of  the  advantages  of  combining  two  or  more  to 
one  pipe.  The  application  also  of  such  machines  as  fire-engines  was  ob- 
viously enough  shown  to  them ;  for  when  Maurice  had  finished  his  labors 
in  1582,  the  mayor  and  aldermen  went  to  witness  an  experiment  with  his 
pumps  at  London  bridge:  "  and  they  saw  him  throw  the  water  over  Saint 
Kf agnus*s  steeple,  before  which  time  [says  Stow]  no  such  thing  was  known 
in  England  as  this  raising  of  water."  Immediately  subsequent  to  the  above 
date,  the  "  squirt"  manufacturers  might  surely  have  imitated  Maurice's 
machine,  but  they  did  not  for  nearly  a  hundred  years  afterwards;  that  is, 
not  until  such  engines  had  been  introduced  a  second  time  from  Germany, 
and  designed  expressly  to  put  out  fires. 

Before  the  improvements  of  Newshara  and  his  contemporaries  of  the 
18th  century,  some  important  additions  would  seem  to  have  been  made 
m  England,  since,  previous  to  1686  "  the  engine  for  extinguishing  fire" 
was  claimed  as  an  English  invention.  This  is  stated  in  a  small  volume  pub- 
fished  that  year  in  London  by  John  Harris,  and  apparently  edited  by  him 
It  is  entitled  "  A  pleasant  and  compendious  history  of  the  first  inventenj 
and  instituters  of  the  most  famous  arts,  misteries,  laws,  customs  and 
manners  in  the  whole  world,  together  with  many  other  rarities  and  re- 
markable things  rarely  made  known,  and  never  before  made  public  :  to 
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which  18  added  several  curious  inventions,  peculiarly  attributed  to  Eng- 
land  and  English  men."  We  shall  offer  no  apology  for  closing  this  chap- 
ter with  the  Ibilowing  abstract,  although  the  concluding  part  only  refers  to 
our  subject.  "  Fine  Spanish  needles  were  first  made  in  England  by  a 
Negro  in  Cheapside,  who  refused  to  communicate  his  art ;  but  in  the 
eighth  year  of  Queen  Elizabeth's  reign,  Elias  Corous,  a  German,  made 
it  known  to  the  English.  About  the  fifth  year  of  Queen  Elizabeth,  the  way 
of  making  pins  was  found  out  by  the  English,  which  before  were  brought 
in  by  strangers  to  the  value  of  60,000  pound  a  year.  Watches  were  the 
invcmtion  of  a  German,  and  the  invention  brought  into  England  Anno  1580. 
The  famous  inventers  and  improvers  were  Cornelius  van  Dreble  and 
Janus  Torrianellus.  The  first  clocks  were  brought  into  England  much 
about  the  same  time.  Chaines  for  watches  are  said  to  be  the  invention  of 
Mr.  Tomackee.  The  engine  for  clock  wheels  is  an  English  invention  of 
about  one  hundred  years  standing,  as  likewise  that  for  the  speedy  cutting 
down  wheels  for  watches.  Other  late  inventions  there  are,  to  whom  as 
tljcir  inventers  the  English  lay  claime,  as  an  engine  for  raising  glass,  an 
engine  for  spinning  glass,  an  engine  for  cutting  tobacco,  the  rouling  press, 
tlic  art  of  damasking  linnen,  and  watering  of  silks,  the  way  of  separating 
gold  from  silver  and  brass,  boulting  mills,  making  caine  chairs,  the  curious 
art  of  colouring  and  marbling  books,  making  of  horn  ware,  and  the  engtnt. 
to  extinguish  Jire,  and  the  like.*' 
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FiRK-ENOiNES  Continued:  Enplne*  bj  Haulseh-— Nureniberf— Fireoengines  a*,  Strasbourg  and  Ipiuu 
-CoiipIiu]r  8Cre«i— Old  engine  with  air  chamber— Canvas  and  leather  hose  and  Dutch  engines — Eu- 
gines  of  Perier  and  Leopold— Old  English  engines^Newsham's  engines— Modern  French  engine— Air 
chambers— Table  of  the  height  of  jets— Modes  of  working  Are-engines— Engines  worked  by  steam.  Firs 
BNGiMEs  IN  AMeaiCA :  Regulations  respecting  fires  in  New  Amsterdam — ^Proclamations  of  Governor 
Stuyvesant— Extracts  from  old  minutes  of  the  Common  Council— First  fire-engines— Philadelphia  and 
New-York  engines— Riveted  hose— Steam  fire-engines  aow  being  constructed.  Devices  to  eztinguisb 
Are  without  engines— Water  bombs— Protecting  buildings  from  fire — Fire  escapes— Couvre  feu^urfew 
bells— Measuring  time  with  candle*— Ancient  laws  respecting  fires  and  incendiaries— The  dress  In 
which  Roman  incendiaries  were  burnt  retained  in  the  auto  da  fe. 

The  fire-engine  mentioned  in  the  previous  chapter,  which  Schottus  wit- 
nessed in  operation  at  Nuremberg  in  1656,  appears  to  have  been  equal  lo 
any  modern  one  in  the  effects  ascribed  to  it,  since  it  forced  a  column  of 
water,  an  inch  in  diameter,  to  an  elevation  of  eighty  feet.  One  German 
author  says  a  hundred  feet.  It  was  made  by  John  Hautsch,  who,  like 
most  of  the  old  inventors,  endeavored  to  keep  the  construction  of  his 
machine  a  secret.  He  refused  to  allow  Schottus  to  examine  its  interior  ; 
though  the  latter  it  is  said  readily  conceived  the  arrangement,  and  from 
his  account  it  has  been  supposed  the  cylinders  were  placed  in  a  horizontal 
position.  The  cistern  that  contained  the  pumps  was  eight  feet  long,  two 
m  breadth,  and  four  deep ;  it  stood  on  a  sled  ten  feet  in  length  and  four  in 
width,  and  the  whole  was  drawn  by  two  horses.  The  levers  were  so  ar- 
ranged that  twenty-eight  men  could  be  employed  in  working  them.  The 
manrifacture  of  these  engines  was  continuea  by  George  Hautsch,  the  son, 
who  is  supposed  to  have  made  improvements  m  them,  as  some  \vriter8  a* 
crihc  the  invention  of  fire-engines  to  him. 
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In  the  16th  century  no  place  couii!  have  furnished  equal  facilities  w'.A 
Nuremherg  for  the  faJjrication  of,  and  making  experiments  with,  hydruii'iit 
machines.  It  was  at  thai  time  the  Birmingham  of  £uro)>e.  "  Nuremiii-i-g 
brass"  was  celebialed  for  ages.  Its  raecnanica  were  so  numerous  thut, 
for  fear  of  tumults,  they  were  not  allowed  to  assemble  in  public  "  except 
at  worship,  weddings  and  funerals."  No  other  place,  observes  an  olu 
writer,  had  "  so  great  a  number  of  curious  workmen  in  all  metals.'  The 
Hauischs  seem  to  have  been  favorites  with  the  genius  of  invention  dial 
pi-esidcd  over  the  city  ;  an  aptitude  for  and  an  inclination  to  pursue  mu- 
chanical  researches  were  i:dieri[ed  by  the  family.  From  a  remark  ol'  Dr. 
Agricola  of  Ra.'isbon,  in  his  curious  work  on  Gardening,  we  learn  thai 
one  of  them  did  not  confine  himself  to  devices  for  throwing  streams  of 
water  into  the  air ;  for  he  crintrived  a  machine  by  means  of  which  he  in- 
tended to  raise  himself  into  the  upiHir  regions.  "  What  can  he  more  ridi- 
culous [exclaims  the  author  juDt  named]  than  the  art  of  flying,  sailiii" 
or  swimming  in  the  air  1  Yet  we  find  there  have  been  some  who  have 
practiced  it,  particularly  one  Hauisch  of  Nuremberg,  who  is  much  snoitcn 
of  for  his  Jlfl'ng  engine.  In  the  mean  time  it  is  well  for  the  wor.d  lh>it 
these  attempts  have  not  succeeded ;  Tor  how  should  we  seize  malefactors  I 
They  would  fly  over  the  walls  of  towna  like  Apelles  Vocalea.  who  tli.-v 
tell  us  saved  himself  by  flying  over  the  wails  of  Nureml>erg.  and  the  print 
of  whose  feet  is  there  shown  to  strangers  to  this  day."  I'ha  art  of  fly- 
ing was  tt  standard  subject  with  Nuremberg  meclianics  for  ce 
and  several  curious  results  are  recorded,  but  perhaps  nothing  r 
than  the  above  objection  to  it 
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For  nearly  a  hundred  years  after  the  date  of  Hautsch'e  engine  those 
used  throughout  Europe,  with  the  exception  perhaps  of  a  few  ciii^'S  in 
Gern.any,  were  very  similar  to  those  described  by  Belidor,  ae  employed 
in  France  in  his  time.  They  consisted  simply  of  two  pumps  placed  in  « 
chest  or  cistern  that  was  moved  on  wheols  or  sleds,  and  sometimes  carried 
by  men  like  the  old  sedan  chair.  These  engines  differed  from  eucli  other 
only  in  their  dimensions  and  the  moJes  of  working  them.  Nos.  1'I6  anil 
i4(i  will  convey  *  preliy  correct  idea  of  them  during  the  earlv  part 
nftlielSlh  century.  The  furmer  belonged  to  Strasbourg,  the  latter  to  i'praii 
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The  front  part  of  ihe  cistern  in  wliich  the  pumps  arc  fixed,  U  separa'ed 
c<y  a.  perfoniied  board  fi'om  llic  hinder  pan,  into  whith  the  vaier  waa 
[•ourcd  from  buckets.  The  cylinders  were  four  inches  in  diamettr,  and 
the  pistons  had  a  stroke  of  ten  inches.  Each  pump  was  worked  by  a  sepa- 
rate lever,  A  A ;  an  injudicious  plan,  since  a  very  few  hands  could  be 
employed  on  each ;  and  as  tlie  engine  had  no  air  vessel  it  was  necessary, 
ill  order  to  keep  up  the  jet,  that  the  piston  should  be  raised  and  depit'sseJ 
alternately — a  condition  not  easily  performed  by  individuals  unused  to  the 
operation,  and  acting  under  the  excitement  of  a  spreading  confliiKration. 
Tlie  coritrivance  for  changing  the  direction  of  the  jot  was  very  detective, 
and  considering  the  date  of  this  engine  it  is  surprising  that  ei  ' 
then  in  u 
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goc^e-neck.  Thejolnta  were  also  made  differently.  The  short  elbow 
piece  had  a.  collar  or  ring  round  each  end,  and  the  jet  and  perpendicular 
pipes,  whei-e  they  were  united  to  the  eibow,  the  same.  The  faces  of 
those  collars  were  made  smooth,  so  as  to  fit  close  to  and  at  iho  same  time 
turn  on  each  other  t  loose  flanches  on  the  pipes  wei-e  bolted  to  others  on 
ihf  elbow,  and  thus  di-ew  the  collars  together  so  as  to  pi-event  water 
from  leakirg  through.  Now  it  will  be  seen  that  although  the  joint  which 
unites  the  eibow  to  the  perpendicular  pipe  would  allow  the  jet  pi]H;  to  be 
turned  in  a  lateral  or  horizontal  direction,  there  appears  no  provision  to 
raise  or  to  lower  it,  and  no  apparonl  use  at  all  for  the  other  joint.  We 
were  at  first  at  a  loss  in  divine  how  the  stream  could  be  directed  up  and 
cowd  fls  occasions  might  require,  for  Belidor  has  not  explained  it ;  but  on 
examining  more  closely  the  figure  in  his  work,  we  found  that  the  jet  pine 
itself  was  not  straight,  but  bent  near  its  junction  with  the  elbow :  this  dis- 
solved the  mystery,  for  it  was  then  oltvious  that  by  twisting  this  pipe 
round  in  its  joint,  its  smaller  orifice  could  be  inclined  up  or  down  at  plea- 
sure. This  very  imperfect  device  is  also  shown  in  the  next  figure,  the 
jet  pipe  being  curved  through  its  whole  length,  instead  of  a  single  bend  as 
ill  Uie  hist  one. 
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over  the  cylinders.  The  axle  of  the  beam  is  continued  through  bo:h  sides 
of  the  wooden  case,  and  to  its  squared  ends  two  iron  rods  are  fitted,  like 
crank  handles  on  the  axles  of  grindstones.  To  the  lower  ends  of  these 
rods  are  attached,  by  bolts,  two  horizontal  bars  of  wood,  on  the  outside  of 
which  a  number  of  long  pins  are  inserted,  as  shown  in  the  cut.  When 
the  engine  was  in  use  men  laid  hold  on  these  pins,  one  man  to  each,  and 
pushed  and  pulled  the  bars  to  and  fro,  somewhat  as  in  the  act  of  rowing, 
and  thus  imparted  the  requisite  movement  to  the  pistons:  a  mode  of  work- 
ing fire-engines  that  might,  we  think,  be  adopted  with  advantage  in  mo- 
dern ones ;  for  the  vigorous  working  of  these  is  so  exhausting,  that  the 
strongest  man  can  hardly  endure  it  over  a  minute  at  a  time.  The  jet  pipe 
of  this  engine  is  connected  to  the  other  by  coupling  screws  or  "  union 
joints,''  the  most  useful  and  ingenious  device  for  joining  tubes  that  ever  was 
invented;  and  one  which,  from  its  extensive  application  in  practical  hy- 
draulics, in  gas  and  steam  works,  and  also  in  philosophical  apparatus,  has 
become  indispensable.  We  notice  it  here  on  account  of  its  having  been 
erroneously  attributed  to  a  modern  engineer ;  whereas  it  was  not  new 
when  introduced  into  Ypres  fire-engines  above  a  hundred  years  ago. 

Two  of  the  greatest  improvements  ever  made  in  these  machines  ^•ere 
introduced  about  the  same  time,  viz :  the  air  chamber  and  flexible  pipes 
of  leather  and  canvas  ;  upon  these  principally  the  efficiency  of  modern 
engines  depends.  By  the  former  the  stream  ejected  from  a  single  pump  is 
rendered  continuous ;  and  by  the  latter,  it  is  no  longer  necessary  to  take 
the  engine  itself  into,  or  close  to,  a  building  on  fire  ;  where  in  most  cases 
it  is  impossible,  from  the  heat  of  the  flames  and  from  smnke,  to  use  it  with 
effect.  The  modern  author,  or  rather  introducer,  of  the  beautiful  device 
for  rendering  the  broken  or  interrupted  jets  of  old  engines  uniform,  is  not 
known.  In  accordance  with  the  customs  of  the  age,  he  probably  kept  it 
secret  as  long  as  he  could.  We  suspect  that  Hautsch's  engine  was  fur- 
nished with  an  air  chamber,  and  that  it  was  on  that  account  chiefly  that  he 
was  so  anxious  to  prevent  its  construction  from  becoming  known.  Beck- 
man  states  that  Hautsch  used  a  flexible  pipe  to  enable  him  readily  to  change 
the  direction  of  the  jet,  "but  not  an  air  chamber,  which  Schottus  certainly 
would  have  described."  How  Schottus  could  have  <lone  this,  when  ae 
cording  to  Prof.  B.  himself,  Hautsch  refused  to  let  him  see  the  interior  of 
the  engine,  it  is  difficult  to  imagine ;  and  unless  he  had  been  acquainted 
with  the  properties  of  an  air  vessel,  had  the  engine  even  been  thrown  open 
to  his  inspection,  he  could  hardly  have  comprehended  its  action,  unless 
explained  to  him  by  the  manufacturer;  at  any  rate,  the  secret,  if  it  was  in 
Hautsch's  possession,  was  not  long  after  divulged  ;  for  in  1675  an  anony- 
mous writer  in  the  Journal  des  Scavans  figured  and  described  an  engine 
with  this  appendage.  The  account  was  the  same  year  translated  and  pub- 
liiihed  in  volume  xi  of  the  Philosophical  Transactions,  p.  679.  As  this 
is  the  earliest  notice  of  the  application  of  an  air  vessel  to  pumps  in  modem 
times  that  wo  have  met  with,  it  is  entitled  to  a  place  here. 

"  This  engine  [No.  147]  is  a  chest  of  copper,  pierc4»d  with  many  holes 
above,  and  holds  within  it  the  body  of  a  pump  whose  sucker  is  raised  and 
abase  i  by  two  levers.  These  levers  having  each  of  them  two  arms,  and  each 
arm  being  Btted  to  be  laid  hold  on  by  both  hands  of  a  man.  Each  lever 
is  pierced  in  the  middle  by  a  mortaise,  in  which  an  iron  nail  [bolt]  which 
passes  through  the  handle  [rod]  of  the  sucker,  turns  when  the  sucker  is 
raised  or  lowered.  Near  the  body  of  the  pump  there  is  a  copper  poi, 
1,  [air  vessel]  joined  to  it  by  the  tube  G,  and  having  another  tube  K  N  L, 
which  in  N  may  be  turned  every  way.  To  make  this  engine  play,  water 
it  poured  upon  the  chest  to  enter  in  at  the  holes  that  are  .n  the  cover 
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thei-eor.  The  water  'u  drawn  in  to  ite  bodv  of  the  pump  at  the  hole  F, 
at  the  time  when  the  sucker  is  raised  ;  and  when  the  same  is  let  down, 
tlie  valve  of  the  same  hole  shuts,  and  forces  the  water  to  pass  through  the 
hole  into  the  tube  G  of  which  the  valve  being  lifted  up,  the  water  eniers 
into  the  pot,  and  filling  the  bottom  it  enters  through  the  hole  intu  the  tube 
K  N  L  in  such  a  manner,  that  when  the  water  is  higher  than  the  [orifice 
oflhe|  tube  K,  and  the  hole  of  the  tube  G  is  shut  by  tlie  valve,  the  air  in- 
closed in  the  pot  hath  no  issue,  and  it  comes  to  pass,  that  when  you  con- 
tinue to  make  the  water  enter  into  the  pot  by  the  tube  G,  which  is  much 
thicker  [larger]  than  the  aperture  of  the  end  L,  at  which  it  must  issue,  it 
must  needs  be,  that  the  surplus  of  the  water  that  enters  into  the  pot,  and 
exceeds  that  which  at  the  same  times  issues  through  the  small  end  of  the 
jet,  compretKt  the  air  lo  find  ]>lace  in  the  pot ;  wliich  makes  that,  whilst 
the  sucker  is  raised  again  to  make  new  water  to  enter  into  th»  iio-^"  of  the 
pump,  the  air  which  has  been  compressed  in  the  pot  drives  the  surplus  of 
the  water  by  the  force  of  its  spring,  jieantime  that  a  new  compression  of 
the  sucker,  makes  new  water  to  enter  and  causes  also  a  new  compression 
of  the  air.  And  thus  the  course  of  the  water,  which  issues  by  the  jet,  is 
always  entertained  in  the  same  stsi-;."  The  box  or  chest  had  two  pro- 
jecting pieces  on  each  side,  through  which  two  staves  were  passed  for  the 
fonvenience  of  carrying  h.  This  small  engine  appears  to  have  been  in 
every  respect  an  effective  one  ;  the  whole  of  the  parts,  both  of  the  pump 
and  apparatus  for  working  it,  were  well  adapted  to  produce  the  best  ef- 
fect. The  goose-neck  seems  to  have  been  formed  of  a  species  of  ball 
and  socket  joint. 
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One  might  suppose  that  when  this  account  of  the  construction  and  ef* 
fects  of  air  chambers  was  published  to  the  world,  and  in  the  standard 
ioumals  of  Fratice  and  England,  that  they  would  speedily  have  been 
adopted  in  fire-engines  throughout  Europe.  Such,  however,  was  not  the 
fact ;  on  tlie  contrary,  they  appear  to  have  remained  comparatively  un- 
known for  nearly  fifty  years  longer ;  for  it  was  not  till  the  expit«tion  of 
•Jie  first  quarter  of  the  18th  century  diat  they  began  to  be  much  used,  and 
some  years  more  elapsed  before  they  were  generally  employed.  We  can 
only  account  for  this  by  the  limited  circulation  of  the  scientific  journali 
named,  and  their  being  confined  principally  to  learned  men  ;  who  then  aj 
fr,rmerly  felt  indifferent  towards  mechanical  researches  :  mechanics  in 
those  days  were  no  great  readers,  and  the  few  who  possessed  a  tAsto  for 
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oooks  were  commonly  without  the  means  to  gratify  it.  It  is  hDwever 
singular  that  this  account  of  the  air  vessel  should  have  escaped  the  re 
searches  of  Beckman,  and  especially  so  as  it  was  republished  in  1704  by 
Harris  in  his  Lexicon  Technicum,  and  in  1705  by  Lowthorp  in  the  abridg- 
ment of  the  Philosophical  Transactions.  He  observes,  "  I  can  find  no 
flder  engine  with  an  air  chamber  than  that  described  by  Perrault,  and  of 
which  he  has  given  a  figure.  He  says  it  was  preserved  in  the  king^s 
library  at  Paris ;  that  it  was  employed  for  throwing  water  to  a  great 
height  during  fires  ;  and  that  it  had  only  one  cylinder,  and  yet  threw  out 
a  continued  jet  of  water.  He  neither  mentions  the  period  of  the  invention 
nor  the  name  of  the  inventor,  and  I  can  only  add  that  his  book  was  printed 
in  1684.*'  Beckman,  in  a  note,  states  that  he  had  not  seen  the  first  edi- 
ion  of  Perrault*s  work,  and  therefore  knew  not  whether  tlie  French  en- 
gine was  described  in  it.  We  may  here  make  the  same  remark,  since  the 
i>nly  copy  in  our  possession  is  of  the  edition  of  1684,  having  endeavored, 
but  without  success,  to  procure  an  impression  of  the  previous  one. 

In  1672  hose  or  leathern  tubes  were  first  publicly  used,  in  modern  times, 
to  convey  \va.ier  J/'Otn  engines-  to  fires  by  John  and  Nicholas  Van  der 
Heide,  in  Amsterdam,  of  which  city  they  were  inspectors  or  superintend- 
ents of  fire  apparatus.  They  made  the  tubes  in  fifty  feet  lengths,  with 
brass  screws  fitted  to  the  ends,,  so  that  any  number  could  quickly  be  con- 
nected together,  as  occasions  might  require.  The  introduction  of  hose 
pipes  forms  an  epoch  in  the  history  of  fire-engines,  for  they  wonderfully 
increased  the  effect  and  extended  the  application  of  these  machines.  Pre- 
vious to  their  adoption  large  engines  could  not  be  used  to  extinguish  fires 
in  the  interior  of  dwellings — ^it  was  only  when  the  flames  burst  through 
!ha  windows  or  roof,  that  they  came  into  play  ;  and  even  then,  it  was  often 
with  difficulty  and  danger  that  they  could  be  brought  sufficiently  near  to 
discharge  the  water  with  effect,  while  in  most  cases  the  jet  was  so  much 
diffused  by  the  resistance  of  the  air  or  wind  as  to  descend  rather  in  a 
shower  of  spray  than  in  a  compact  stream.  For  want  of  hose  the  engines 
themselves  were  aUo  frequently  burnt ;  this  was  indeed  a  common  occur- 
rence, and  is  often  mentioned  in  the  notices  of  conflagrations.  In  the  great 
rrre  of  London  the  rapid  spread  of  the  flames  drove  the  firemen  from  their 
engines,  and  many  were  cofMumed.  In  1731  a  great  part  of  the  town  of 
Blandford,  England,  was  destroyed,  and  in  an  account  published  by  one 
of  the  sufferers,  it  is  said  "the  engines  were  play'd,  but  were  soon  burnt." 
This  loss  of  engines  was  imvariably  caused  by  the  want  of  hose  ;  for  when 
plenty  of  the  latter  is  at  hamd,  the  fbrmer  can  be  placed  and  worked  ai 
any  convenient  distance  from  the  fire,  and  the  liquid  discharged  upon 
almost  any  part  of  it. 

Another  advantage  resulting  from  the  introduction  of  leathern  pipes 
was  in  making  the  engines  supply  themselves.  Before  the  use  of  hose, 
water  was  poured  frona  buckets  into  the  cistern  in  which  the  pumps  were 
nlaced ;  hence  when  a  fire  broke  out,  one  of  the  first  objects  was  to  form 
a  lane  of  men,  extending  firom  the  engine  to  the  nearest  rivulet,  pond, 
well,  or  other  source  of  water ;  those  on  one  side  passed  along  the  full 
buckets  to  the  engine,  while  those  on  the  other  returned  the  empty  ones.  To 
dispense  with  this  number  of  men,  the  Van  der  Heides  screwed  one  end 
of  a  hose  pipe  to  the  lower  part  of  the  cistern  and  extended  the  other  to 
tJie  edge  of  a  pond  or  well,  where  its  orifice  was  widened  into  a  bag  thai 
was  kept  open  by  a  frame.  Into  this  bag  the  labourers  poured  the  con- 
tents of  their  buckets,  and  sometimes  portable  pumps  were  used  to  raise 
water  into  it,  for  it  was  necessary  that  it  should  be  sufficiently  elevated 
Etx>ve  the  cistern  of  tho  engine  that  its  contents  might  readily  How  int€ 
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the  latter.  This  was  the  first  step  towards  using  suction  hose,  and  con 
sequently  towards  making  an  engine  supply  itself.  Perhaps  it  may  b€ 
thought  strange  that  they  did  not  adopt  this  plan  at  first  instead  of  the 
device  just  described,  but  in  point  in  fact  they  could  not,  for  before  suc- 
tion pipes  could  be  used,  a  radical  change  was  required  in  the  construe 
tion  of  the  lower  parts  of  the  pumps,  and  one  that  could  not  without  much 
difficulty  and  expense  be  made  in  the  old  engines.  Hence  the  Van  der 
Heides  very  properly  preferred  making  new  machines  altogether ;  to 
which  they  adapted  suction  pipes.  These  great  improvements  were 
made  about  1675.  In  1677,  one  or  both  of  the  Van  der  Heides  obtained 
an  exclusive  privilege  to  construct  such  engines  for  twenty -five  years.  In 
1695  there  were  in  Amsterdam  upwards  of  sixty  of  their  engines,  and 
when  a  fire  broke  out,  the  six  that  were  located  nearest  were  taken  to 
extinguish  it.  The  use  of  leather  and  canvas  hose  became  general  in  the 
next  century.  In  1720  the  latter  was  woven  without  seams  in  Leipsic 
and  other  places  in  Germany. 

Whether  the  engines  of  the  Van  der  Heides  had  air  vessels  is  not  ascer- 
tained ;  Professor  Beckman  says  their  internal  construction  is  no  where 
represented.  There  is  strong  evidence  that  they  had  none  ;  for  so  late 
as  the  first  quarter  of  the  18th  century,  the  Dutch  engines  were  not  gener- 
ally furnished  with  them,  and  this  would  certainly  not  have  been  the  case 
had  they  ever  been  "common  in  all  the  towns  of  the  Netherlands,"  as  Van 
der  Heide's  engines  were.  Mr.  Chambers,  in  his  Cyclopedia,  A.  T).  1728, 
observes,  article  Hydrocanisterium^  "  The  Dutch  and  others  use  a  long 
flexible  tube  of  leather,  sail-cloth,  or  the  like,  which  they  carry  or  condlict 
in  the  hand,  from  one  room  to  another,  as  occawon  requires ;  so  that  the 
engine  may  be  applied  where  the  fire  is  only  withinside,  and  does  not 
burst  out  to  expose  it  to  its  external  action.  To  improve  on  this  original 
fire-engine,  they  Tiave  since  contrived  to  make  it  yield  a  continual  stream." 
At  the  time  Belidor  wrote,  air  vessels  were  not  common  in  Holland,  and 
in  1744,  Desaguliers  speaking  of  their  advantages,  remarks,  "  In  the  use 
of  engines  to  put  out  fires  which  have  no  air  vessels,  like  the  Dutch  en- 
gineSf  or  old  parish  engines,  a  great  deal  of  water  is  lost  at  the  beginning 
and  end  of  the  jet  or  spouting  of  the  water."  Philos.  ii,  164.  Beckman 
says,  it  is  certain  that  air  vessels  were  not  common  in  Germany  till  after 
they  were  used  by  L*;opold. 

Perier  in  France,  Leopold  in  Germany,  and  Newsham  in  England, 
contemporaneous  engine  makers  in  the  early  part  of  the  18th  century, 
were  greatly  celebrated  in  their  respective  countries.  They  were  some- 
times considered  inventors  of  the  fire  engine,  though  very  erroneously, 
for  so  far  as  the  principle  of  its  construction,  application  of  the  air  ves- 
sel, goose-neck,  flexible  pipes  of  leather  and  canvas,  the  connection  of 
these  by  screws,  &c.  were  concerned,  the  en^ne  was  perfected  before 
their  time  ;  indeed  not  one  of  them  contributed  any  thing  essential  to  't. 
Their  merit  consisted  in  improving  these  machines  in  various  viinor  details  ; 
in  the  arrangement  of  the  different  parts,  construction  of  the  carriages 
mode  of  communicating  motion  to  the  pistons,  and  in  rendering  the  whole 
more  durable  and  efficient  by  superior  workmanship  and  materials.  In 
these  respects  the  English  engineer,  we  believe  surpassed  his  competitors, 
but  then  he  was  the  last  of  the  three  that  entered  the  field,  for  Perier  started 
before  Leopold,  and  both  were  some  years  in  advance  of  Newsham. 

No  account  of  Perier's  engines  is  to  be  found  in  modem  books ;  eveD 
Belidor  has  taken  no  notice  of  them.  To  supply  this  deficiency,  we  ii> 
tended  to  insert  a  figure  of  one,  taken  from  the  2d  ed.  of  Poliniere's  "Ex- 
periences de  Physique,"  Paris,  1718,  (the  only  work  with  which  we  are 
<ic<^uainted  that  co*  tains  a  representation  of  them,)  but  on  account  of  the 
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unusual  number  of  illustrations  required  in  this  chapter,  it  is  omitted.  A 
short  description  will  suffice.  After  describing  an  atmospheiic  pump  be« 
longing  to  the  arsenal  of  Paris,  and  another  attached  to  a  hotel  in  the  fau 
bourg  St.  Antoine,  which  had  two  spouts  and  two  valves  in  the  sue  tier, 
pipe,  the  author  observes,  J 'ay  vu  a  Paris  des  pompes  dont  on  se  sert  poui 
tilcher  d'  eteindre  le  feu  quand  il  arrive  des  inceiidies ;  and  he  then  enters 
into  a  minute  description  of  one  of  these  Parisian  engines.  In  its  general 
appearance  it  resembled  the  Dutch  one  No;  148,  consisting  of  two  work- 
ing cylinders  with  an  air  vessel  between  them,  the  piston  rods  moved  by 
a  double  lever,  through  the  ends  of  which  staves  four  feet  in  length  were 
inserted.  The  pump  cylinders  were  sixteen  inches  long  and  four  in  dia- 
meter, but  instead  of  being  placed  in  a  square  wooden  box  or  cistern, 
they  were  secured  in  an  open  copper  pan,  of  an  oval  shape,  and  the  8an.e 
depth  as  the  cylinders,  and  fastened  by  bolts  to  a  base  of  wood  or  piece 
of  plank,  to  the  four  corners  of  which  short  ropes  were  fastened.  At  one 
end  of  the  pan,  the  leather  hose  which  conveyed  the  water  to  the  fire  wa£ 
connected  by  a  screw  to  a  copper  pipe  that  communicated  with  the  lower 
part  of  the  air  chamber.  The  leather  tubes,  Poliniere  observes,  were 
lubricated  with  a  composition  of  tallow  and  wax  to  render  them  pliable  \ 
and,  to  prevent  mice  and  other  vermin  from  destroying  them,  soaked  in 
an  infusion  of  colycinth  or  bitter  apple.  In  furnishing  the  pumps  with 
water,  Perier  adopted  the  first  device  of  the  Van  der  Heides,  and  hence 
we  infer  that  he  was  ignorant  of  the  better  mode  of  making  them  supply 
themselves  through  suction  pipes.  As  they  could  only  draw  water  out  of 
the  vessel  in  which  they  were  placed,  and  it  being  too  small  and  inconve- 
nient for  numbers  of  people  to  pour  the  contents  of  their  buckets  into  it 
when  the  engine  was  in  use,  a  canvas  or  sail  cloth  bag,  coated  with 
pitch  or  tar,  was  connected  by  a  flexible  pipe  of  the  same  material,  to  the 
lower  part  of  the  pan.  This  bag  was  of  a  conical  form,  the  wide  end  be- 
ing uppermost,  and  supported  with  die  mouth  open  on  a  folding  frame, 
something  like  a  high  camp  stool.  Into  this  bag  the  water  for  the  supply 
of  the  pumps  was  poured.  It  might  of  course  be  placed  at  any  conveni- 
ent distance  from  the  engine,  by  means  of  additional  lengths  of  pipes  that 
were  always  kept  ready  and  which  were  connected  together  by  screws. 
These  engines,  Poliniere  says,  forced  the  water  through  the  orifice  of  the 
jet  pipe  to  a  surprising  distance.  He  observes  also  that  smaller  ones  were 
m  use ;  which  consisted  of  a  single  cylinder  and  air  chamber,  and  were 
worked  by  a  single  lever. 

The  following  extract  relating  to  Perier's  engine  is  from  the  Diction- 
naire  GSconomique,  3d.  edit.  Paris,  1732,  from  which  it  appears  that  at 
that  date  they  were  small  affairs,  and  differed  but  little  from  our  garden 
engines ;  in  other  words,  they  were  then  nothing  more  than  pompes  porta- 
tive,  the  name  by  which  they  were  designated  at  the  first.  ''  La  pompe 
que  le  Sieur  du  Perier  a  inventee  ou  perfectionn^e  est  tres  commode  dans 
les  incendies.  Deux  hommes  la  peuvent  aisement  transporter  avec  tout 
son  attirail,  et  la  placer  dans  tel  lieu  que  Ton  voudra.  II  n'est  pas  n^ces- 
saire  qu'elle  soit  dans  Tendroit  ou  se  trouve  Teau,  il  y  a  un  canal  de  coutil 
cir^  en  dedans,  qui  sert  k  conduire  Teau  jusqu'a*la  pompe.  Ce  canal 
peut  6tre  augmente  en  y  adaptant  d'autrcs  canaux  faits  de  la  m^me  facon. 
La  pompe  etant  placee  dans  le  lieu  le  plus  commode,  ou  peut  encore  por- 
ter Teau  dans  le  plus  fort  de  Tincendie  par  le  moien  d'un  canal,  qui  est 
fait  de  cuir,  et  qu*on  augmente,  autant  nu*on  veut,  en  y  ajoutant  d'autres 
canaux  par  le  moien  de  quelques  vis.  La  matierc  dont  est  compose,  ce 
canal  donne  la  facilitf^  de  passer  d'un  appartement  dans  I'autre  pour  ap 
piiquer  Teau  dans  Tendroit  le  plus  necessaire.     Les  circon volutions  uv 
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canal  n'em[i£uhent  point  I'eau  d'agtr  avec  violence,  et  la  force  avec  la- 
quelle  elle  egit  est  d'autant  plus  grande,  que  lee  hommee  qui  font  aller  U 
pomne,  emploicnt  eux-mSmei;  ptuB  de  force,  la  quantite  d'eau  depend  en- 
core  du  nombre  de  pistons." 

In  1699  Ferier  obtained  from  the  kln)^  an  exclusive  privilege  to  con- 
atruct  Rre-engtnes,  wiiiuli  Professor  Bectcman  thinks  were  the  first  public 
niieB  employed  in  Paris,  In  1716  an  ordinance  of  the  king  directed  a 
larg'er  number  than  those  already  in  use,  to  be  distributed  in  different 
parts  of  the  city,  and  public  notice  to  be  gn  en  where  they  could  be  found 
in  case  of  fire."  In  1722  thera  were  thirty  in  uee,  besides  others  belong- 
ing to  public  buildings.  As  these  machines  had  air  vessels,  it  is  strange 
that  Belidor  neither  mentions  the  fact  nor  refers  to  Paris  engines  at  all. 
After  describing  a  Dutch  one,  No.  146,  he  quotes  {as  if  he  knew  of  no  others 
with  air  vessels)  Perrault's  description  of  the  one  that  vraa  in  the  king's 
library  fifty  years  before,  and  an  account  of  another  that  Du  Fay  saw  ai 
Strasbourg  in  1725. 

Leopold's  engines  do  not  appear  to  have  possessed  any  peculiar  feature 
to  which  he  could  lay  claim  b£  inventor.  They  seem  to  have  been  iden- 
tical or  nearly  so  with  the  one  described  in  the  Journal  des  Savans  forty 
years  before,  (No.  147.)  Each  consisted  of  a  single  pump  with  an  air  ves- 
sel enclosed  in  a  copper  chesL  One  man  raised  a  jet  by  it  to  the  height 
of  from  twenty  to  thirty  feet.  Leopold  kept  the  construction  for  some 
lime  a  secret,  and  with  ibia  view  the  pump  was  entirely  enclosed  in  the 
chest ;  a  cover  being  soldered  on  th(;  latter.  Beckmait  says  he  made  and 
sold  a  great  number  of  them.  In  1720  he  published  a  descriplion  of  them 
in  a  pamphlet;  and  in  1724  he  inserted  an  account  of  them  in  his  Thtatnim 
Machinarvm  Jigdravlicarum,  a  work  published  that  year  at  Leipstc  in 
three  volumes  folio. 

The  annexed  figure,  No.  14S,  exaioits  an  improvement  on  Leopold's 
engine,  having  two  cylinders  and 
workingby  a  double  lever.  Small 
engines  seem  to  have  been  prefer- 
red to  those  of  large  dimensions, 
such  as  were  made  by  Hautscli, 
or  those  of  modem  times.  Before 
the  introduction  of  hose  pipes, 
■mall  ones  were  certainly  more 
useful,  since  they  could  be  carried 
into  any  part  of  a  house  when  on 
fire,  but  when  ficxible  pipes  of  lea- 
ther and  canvas  became  common, 
their  efficiency  was  not  to  be  com- 
No.  lid.  Duich  Fin-Eii*i.fc  A.  D.  1739.  pared  with  that  of  the  large  sizes. 

English  lirc-engines  were  much  the  same  dimensions  as  those  uaed 
en  the  continent  til!  Newsham  and  contemporary  engineers  introduced 
slhers  that  approached  in  size  those  in  present  use  ;  but  Trr  several 
vears  after  the  smaller  ones  retained  the  preference.  The  London  ma- 
Imfactunera  made  six  different  sizes,  the  larger  one  only  being  placed 
on  wheels.  Even  in  the  middle  of  the  16th  century  such  as  arc  re- 
presented by  the  figure  on  the  next  page  were  commor  in  that  city.  A 
iimilar  figure  was  published  by  Mr,  Clare  in  1735  in  his  work  on  the 
mction  of  fluids,  and  so  late  as  1765  it  was  described  (in  the  London  Ma- 
patine  for  that  year)  as  the  engine  in  common  use.     As  an  indication  that 

■  HuiiploDicut  to  DicL  (Esoosmiqae.    Amnardam,  1740.    Tom.  ii.  )G3. 
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air  ueisels  were  not  used  in  England  before  the  18th  century,  it  may  he 
observed  that  in  the  year  last  named,  those  engines  which  had  thein  werrt 
named  "constant   stream'd  ej 
had  none — such  being  calied 


No.  II9L    Eii|liibFi»-Eii(b>orihsiiidJltarilw  ISili  hbiuij. 

In  1729  Swilzer  published  his  System  of  Hydrostatics,  in  which  he  in 
serted  the  circulars  of  two  rivaJ  engine  makers — Fowke  and  Newsliam. 
As  these  documents  contain  some  interesting  particulars  respecting  the 
state  of  practical  hydraulics  at  the  Ume,  as  well  as  of  fire-engines,  we  insert 
•orae  extracts  frora  each,  previous  to  introducing  Newsham's  engine. 

"  Mk.  Fowkb,  Nightingale  Lane,  Wapinng  :  makes 

"1.  CbfM(an/«^eamW  engines  for  extinguishing  fires,  the  large  sizes  play 
two  streams  at  once,  being  the  Brst  and  only  of  their  kind,  and  does  t)ie 
oiHce  of  two  engines,  and  so  contiivcd  as  to  be  drawn  throcgh,  (and  if 
occasion  requires,)  workeii  in  a  passage  three  feet  wide,  which  no  other 
can,  and  will  feed  themsdifes  with  a  sucking  pipe.  Their  movements  are 
easy  and  natural,  having  a  perpendicular  stroke,  and  are  without  either 
rack,  wheel,  chain  or  crank,  whereby  the  friclion  is  lessened  more  than 
any  others,  and  consequently  requires  less  strength,  are  more  useful,  and 
less  liable  to  disorder  and  decay,  and  much  chcancr  than  any  other ;  and 
therefore  are  by  judicious  persons  esteemed  preferable  to  all  others.  Bv 
screwing  a  pipe  they  water  gardens,  dispersing  the  particles  of  water  for 
about  fourteen  yards  square,  like  small  rain.  The  four  larger  sizes  run 
on  wheels,  and  the  other  two  carried  by  two  men  like  a  chair. 

"  2,  Emoines  which  will  work  either  bj-  water,  wiud,  horses  or  men,  ai.  f 
aa  contrived  thai  either  raav  work  at  a  time,  or  be  assistant  to  each  othsr, 
whereby  large  (juantities  of  water  may  be  raised,  bo  that  if  the  height,  dis 
lance  and  cjuanlily  required  be  knowr  the  expense  and  streiigth  may  b.j 
calculated  so  as  to  serve  cities,  towns,  noblemen  and  gentlemen's  sears 
and  fountains,  brewers,  distillers,  dyers;  and  for  draining  of  lands,  ponde, 
and  mines  of  lead,  coal,  ice. 

"3.  Pimps  which  may  be  worked  by  one  man,  for  raising  water  out  ut 

f  well  upwards  of  one  hund:ed  and  twenty  feet  deep,  sufficient  fljr  the 
>T  famil-' ;  and  so  contrived  that  by  turning 
.t  the  top  of  the  house,  or  a  bathing  "fjse. 
g  on  a  leather  pipe,  tiie  water  oiay  bo  con 
a  window,  ip  -ase  o,"any  fire, 
r  of  Cincies  in  foinlaiin." 
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A  fter  referring  to  a  number  of  machines  erected  by  him  in  London  and 
its  vicinity,  Mr.  Fowke  concludes  with  a  table  of  prices  of  fire-engines, 
the  smallest  being  o£14  and  the  largest  e€60.  Newsham's  circular  is  ob- 
viously designed  to  counteract  the  effect  of  Fowke's. 

"  Richard  Newsham,  of  Cloth  Fair,  London,  engineer,  makes  the  mosi 
useful,  substantial,  and  convenient  engines  for  quenching  fires,  which  carrier 
continual  streams  toith  great  force.  He  hath  play'd  several  of  them  before 
his  majesty,  and  the  nobility,  at  St.  James's,  with  so  general  an  approba* 
lion,  that  the  largest  was  at  the  same  time  ordered  for  the  use  of  that 
royal  palace.  And  as  a  further  encouragement  (to  prevent  others  from 
making  the  same  sort,  or  any  imitation  thereof)  his  majesty  has  since  been 
graciously  pleas'd  to  grant  him  his  second  letters  patent,  for  the  better  se- 
curing his  property  in  this,  and  several  other  inventions  for  raising  water 
from  any  depth,  to  any  height  required. 

"  The  largest  engine  will  go  through  a  passage  about  three  foot  wide,  in 
complete  working  order,  without  taking  off  or  putting  on  any  thing  :  and 
mav  be  worked  with  ten  men  in  the  said  passage.  One  man  can  quickly 
and  with  ease,  move  the  largest  size  about,  in  the  compass  it  stands  in : 
and  is  to  be  play*d  without  rocking,  upon  any  uneven  ground,  with  hands 
and  feet,  or  hands  only,  which  cannot  be  paralleled  by  any  other  sort  what- 
soever. There  is  conveniency  for  above  twenty  men  to  apply  their  full 
strength,  and  yet  reserve  both  ends  of  the  cistern  clear  from  incumbrance, 
that  others  at  the  same  time  may  be  pouring  in  water,  which  drains  through 
large  copper  strainers.  The  staves  that  are  fixed  through  the  leavers, 
along  the  sides  of  the  engine,  for  the  men  to  work  by,  though  very  light, 
as  alternate  motions  with  quick  returns  require ;  yet  will  not  spring  and 
Ic^se  time  the  least :  but  the  slaves  of  such  engines  as  are  wrought  at  the 
enjs  of  the  cistern,  will  spring  or  break,  if  they  be  of  such  a  length  as  is 
necessary  for  a  large  engine,  when  a  considerable  power  is  apply 'd  :  and 
cannot  be  fix'd  fast,  because  they  must  at  all  times  be  taken  out  before 
that  engine  can  go  through  a  passage.  The  playing  two  streams  at  once, 
do  neither  issue  a  greater  quantity  of  water,  nor  is  it  new,  or  so  useful, 
there  having  been  of  the  like  sort  at  the  steel-yard,  and  other  places,  thirty 
or  foity  years ;  and  th?^  water  being  divided,  the  distance  and  force  are 
accordingly  lessened  tiiereby. 

"  Those  who  pretend  to  make  the  forcers  work  in  the  barrels,  w^ith  a  per- 
pendicular stroke,  without  rack,  wheels,  chains,  crank,  pully,  or  the  like, 
by  any  kind  of  contrived  leavers,  or  circular  motion  whatsoever,  with  less 
friction,  than  if  guided  and  work'd  by  wheel  and  chains,  (which  of  all 
methods  is  the  best,)  do  only  discover  their  ignorance  ;  they  may  as  rea- 
sonably argue,  that  a  great  weight  can  be  dragg'd  upon  a  sledge,  with  as 
little  strength,  as  if  drawn  upon  wheels- 

"  As  to  the  treddles,  on  which  the  men  work  with  their  feet,  there  is  no 
method  so  powerful,  with  the  like  velocity  or  quickness,  and  more  natural 
and  safe  for  the  men.  Great  attempts  have  been  made  to  exceed,  but  none 
yet  could  equal  t;.is  sort ;  the  fifth  size  of  which  hath  play*d  above  the 
grasshopper  upon  the  Royal  Exchans^e  ;  which  is  upwards  of  fifty-five 
yards  high,  ana  this  in  the  presence  of  many  thousand  spectators. 

"  Those  with  suction  feed  themselves  with  water  from  a  canal,  pond, 
well,  &c  or  out  of  their  own  cisterns,  by  the  turn  of  a  cock,  without  in- 
terrupting the  stream.  They  are  far  less  liable  to  di-»crder.  much  more 
durable  in  all  their  parts,  than  any  extant,  and  plsy  cfT  large  quantities  of 
water  to  a  great  di?rar.ce,  either  from  the  engine,  or  a  leather  pipe,  or 
pipes  of  any  length  reqizird  ;  (the  screws  all  fitting  each  other.)  This  the 
cumbersome  squirting  engi.ies,  which  take  up  four  times  more  room,  can 
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not  perform  J  neither  do  they  throw  one  fourth  part  of  their  water  on  the 
fira,  at  the  like  distances,  but  lose  it  hy  the  way;  iior  can  tliey  use  leather 
pipe  with  them  to  much  advantage,  whatever  necessity  there  may  be  for 
It.  The  live  large  sizes  go  upon  wheels,  well  box'd  with  brass,  Rtted  to 
•trong  iron  axles,  and  the  other  is  to  be  carried  like  a  chair." 

No.  150  is  a  vertical  section  nf  the  pumps 
in  Newsham's  engine,  with  the  uir  vessel 
between  them,  and  showing  also  the  sectors 
and  chains  by  which  motion  is  transmitted 
from  the  levers  to  the  piston  rods,  and  the 
latter  preserved  in  a  perpendicular  position. 
The  chains  are  similar  to  watch  chains  in 
their  construction,  and  the  length  of  each 
is  equal  to  the  arc  of  one  of  the  sectors. 
Four  are  used,  two  to  each  sector.  Their 
mode  of  operation  is  in  this  manner :  One 
end  of  a  chain  is  fastened  to  the  top  of  a 
piston  rod,  by  a  bolt  and  nut  as  represent- 
ed, and  the  other  end  riveted  to  the  lower 
extremity  of  thp  sector;  so  that  when  the 
latter  is  turned  down  by  depressmg  the 
lever,  it  necessarily  draws,  by  ibis  chain, 
the  piston  down  with  iL  Another  chain  is 
fastened  in  the  same  manner  to  the  lower 
part  of  the  piston  rod,  (that  is  above  the  cy- 
'*■  linder,)  and  the  upper  extremity  of  the 
sector,  and  hence  when  the  lever  is  elevated,  this  chain  raises  the  piston  with 
it.  He  prebably  derived  the  idea  of  thus  working'  them  from  Newcomen's 
mode  of  workmg  pumps  by  the  atmospheric  steam-engine.  The  round 
opening  below  the  valves  in  the  above  figure,  is  where  the  suction  pipa 
ied  to  the  hose,  shown  at  one  end  of  the  cistern  in  the  next  Hgura 
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No.  151  a8  an  external  view  of  one  of  Newsham's  engines  at  the  tini« 
of  his  death,  as  drawn  by  Mr.  Labelye,  the  engineer  of  Westminster 
bridge,  and  inserted  by  Desaguliers  in  the  second  volume  of  his  Philoso- 
phy, in  1744.  Its  general  appearance  is  far  inferior  to  modem  ones,  but 
the  essential  parts— the  pumps— were  equal  to  those  now  used.  Tlic 
strong  iron  shaft  by  which  the  pistons  were  raised  and  depressed  wa^, 
continued  along  the  top  of  the  ctstem,  and  to  it  the  levers  were  securrc 
as  at  present ;  but  in  addition  to  the  levers,  sectors,  like  those  that  moved 
the  pistons,  were  also  fastened  to  it-— portions  of  two  of  these  are  shown  ir 
tne  cut,  and  there  were  two  others  near  the  upright  case  :  to  their  u]>per 
parts,  two  long  strips  of  plank,  or  (rcdfUcs,  were  suspended  by  short 
chains,  and  on  these  planks,  six  men,  who  stood  upon  the  cistern  and 
held  by  the  hand  rails,  alternately  threw  their  weight ;  first  on  the  tred- 
ule  on  one  side  of  the  carriage,  and  then  on  the  other,  and  thus  aided  the 
firemen  at  the  levers  in  working  the  engine.  The  box  or  trough,  with  a 
grate  within  it,  at  the  end  of  the  cistern,  was  for  the  purpose  of  emptying 
buckets  of  water  to  supply  the  pumps,  when  the  suction  pipe  (figured  be- 
low it)  was  not  used.  The  small  flap  on  tlie  end  of  ihe  upright  case  co 
vered  printed  directions  how  to  use  and  keep  the  engine  in  order. 

If  the  section,  No.  150,  be  compared  with  English  engines  in  previous 
use,  one  of  which  is  figured  at  No.  149,  it  will  be  seen  at  a  glance  how 
great  were  the  improvements  Uiat  Newsham  introduced.  Independently 
of  the  three  most  original  of  his  contributions — the  sectors  and  chains— 
t reddles — and  working  the  pumps  with  long  staves  at  the  sides  of  ihe 
carriage  instead  of  short  ones  at  the  ends — the  whole  machine  was  im- 
proved more  or  less  in  every  part.  To  keep  the  cistern  and  levers  as  low 
as  possible,  the  carriage  was  placed  on  bent  axles.  He  introduced  and 
improved  the  three-way  cock,  and  the  goose-neck  was  perfected  in  his 
hands  ;  the  elbows  being  jointed  to  each  other  by  very  fine  scsws.  Fe 
saguliers  thought  that  no  part  of  the  eujLnne  could  be  altered  for  the  bet- 
ter. A  writer  in  the  London  Magazine  for  1752,  (page  395,)  says  that 
Newsham  in  these  machines  gave  "  a  no')'er  present  to  his  country  than 
if  he  had  added  provinces  to  Great  Bri  i  n."  Their  merits  were  gene- 
rally acknowledged :  he  received  orders  for  them  from  various  parts  of 
Europe,  and  it  will  be  seen  in  a  subsequent  part  of  this  chapter  that  those 
first  used  in  this  city  were  made  by  him. 

The  celebrity  his  engines  acquired  had  a  blighting  effect  on  other  ma 
Bufacturers — like  Aaron's  rod  swallowing  up  those  of  his  competitors. 
His  engines  were  purchased  for  the  use  of  the  parishes  throughout  the 
country  generally,  and  also  by  the  various  insurance  companies,  whfoh, 
unlike  ours,  are  at  the  sole  expense  of  extinguishing  fires,  and  of  provld 
ing  the  means  to  effect  it.  Every  insurance  company  in  English  cities 
keeps  in  its  pay  a  number  of  firemen  to  take  charge  of  and  work  its  own 
engines.  Two  horses  are  attached  to  each  engine  to  draw  it  to  and 
from  fires.  The  height  of  the  jet  from  Newsham's  engines  was  aboiu 
fifty  feet.  He  mentions  in  his  circular  having  thrown  it  to  an  elevation 
o^fifty-jim  yarditf  but  he  was  certainly  mistaken. 

Several  improvements  have  been  made  in  English  fire-engines  since 
Newsham's  time,  but  they  are  chiefly  confined  to  the  carriage,  and  to  de- 
tails and  arrangements  of^the  various  parts.  Treddles  are  dispensed  with, 
and  the  carriages  are  made  longer,  so  that  a  greater  number  of  men  can 
be  employed  in  working  them.  They  resemble  American  engines  so 
closely,  that  a  separate  figure  of  a  modern  English  engine  is  unnecessary. 
The  reader  is  therefore  referred  lo  No.  154.  Others  on  the  principle  of  th«8 
Mini-rotary  pump,  (No.  140,)  are  also  used  to  a  limited  extent  in  Lopdon. 
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Tlie  follDwing  figure  of  a  modern  French  fire-engine  is  froih  the  Ma- 
nuel du  Fondvur;  Palis,  lS-i9.  It  consist*  of  two  cylinders  and  an  »if 
vessel  ari-iingeii  in  the  usual  way.  One  of  the  pumps,  and  half  uf  the  air 
chamber,  is  shown  in  section,  i'he  cistern  is  more  elevated  than  in  Eng- 
lish or  American  engines,  and  from  the  consequent  height  of  the  lever* 
would  seem  more  inconvenient  to  be  worked.  The;  suction  pipe  is  oi 
copper  with  foljlng  joints,  and  a  perforated  hollow  ball  at  the  extremity  to 
prevent  din  or  gravel  from  entering  witJi  the  water.  A  short  leathern 
tube  connects  this  pipe  with  the  suction  cock.  This  engine  is  worked  at 
the  ends  of  the  carriage,  and  the  pidton  rods  are  connected  to  the  lever  by 
iiings,  mid  made  to  rise  and  fall  in  a  perpendicular  position  by  radius  bars 
jnin'ed  ti>  the  upper  ends  of  the  latter,  and  to  permanent  pieces  that  pro- 
jecl  from  the  frame  that  supports  the  fulcrum. 


Its,  1st    llud*im  Fmsk  rbr-ntlMa, 
The  elevation  of  the  jet  depends  upon  the  pressure  to  which  the  air  in 

the  air  chamber  is  subjected ;  the  elasticity  or  spring  of  that  fluid  being 
inversely  as  the  space  it  is  made  to  occupy.  Before  an  engine  is  set  to 
work  the  interior  of  the  chamber,  like  that  of  all  empti/  vessels,  (to  use  a 
vulgar  solecism,)  is  filled  with  common  air,  of  thai  degree  of  density  in 
which  it  appears  near  the  earth's  surface  ;  but  when  the  pumps  are  set  to 
work,  the  water  forced  by  ihem  into  the  chamber  crowds  the  air  into  the 
dotr.e  .te  upper  part  of  that  vessel,  whence  there  is  no  passage  for  its  es- 
cape; and,  as  the  liquid  accumulates,  the  air  is  condensed  more  and  more, 
ui^i-1,  by  iis  reaction  on  the  surfsc;  of  the  water,  it  drives  the  latier  through 
the  jat  or  hose  pipe,  and  with  a  force  exactly  proportioned  to  the  degree 
of  its  compressure.  Thus  Is'  the  volume  of  air  in  the  chamber  be  com- 
pressed into  half  its  '^ulk,  the  jst  wo'dd  rise  to  about  32  or  33  feet,  (if  not 
retarded  by  friciiori  *iii;les  or  other  imperfections  in  the  pipe;)  and  if  it 
were  made  to  occ::iiy  jne  tl'jtd  of  its  former  space,  its  spring  would  bft 
three  times  greater  th->n  rommnn  air,  and  would  force  the  jet  to  an  eleva- 
tion of  about  61  or  66  feut;  aud  wi  en.     A  tabular  etatemeni.  simUar  in 
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the  following,  exhibiting  the  relation  between  the  height  of  a  jet  and  the 
air's  compressure,  has  long  been  published.  It  is,  however,  of  little  use 
l(»  practical  men.  We  doubt  if  a  column  of  water  of  the  size  of  those 
thrown  by  ordinary  engines  could  be  raised  by  any  means,  two  hundrod 
feet  above  the  orifice  of  the  pipe  whence  it  issued  :  the  1  esistance  of  tho 
at.inospherb  would  disperse  k  before  it  could  reach  that  elevation. 

Volune  of  air  eoatained  ia  the  air  Eatio  of  the  air*a 

chamber  compreased  to  elasticity. 

i     -     ...   2     -     . 

i 3     -     . 

i     -  .     .   4     -     . 

i      .      .      .      .    6      .      . 

i  -      -      -      -    6  -  . 

i  ....    7  -  - 

^.  ....    8  -  - 

i  ....     9  -  - 

tV  -      -      -          10  -  . 

Great  as  are  the  advantages  derived  from  air  chambers,  some  attention 
to  them  is  required  in  order  to  secure  at  all  times  the  benefit  they  are 
design^^d  to  impart.  When  neglected  (and  we  believe  few  parts  of  an 
engine  exercise  the  attention  of  firemen  less)  they  often  become  actually 
iniurious«  for  when  no  advantage  is  derived  from  the  elasticity  of  the  con 
lined  air,  the  water  is  impeded  in  its  progress  by  passing  through  theoL 
Upon  the  trial  of  engines  it  sometinies  occurs  that  the  water  is  thrown 
higher  at  their  first  working  than  after  they  have  been  a  few  minutes 
in  use,  and  this  notwilhstancnn^  all  the  efforts  of  the  firemen  to  make  the 
jet  reach  the  first  elevation.  1  his  result  has  sometimes  been  attri))uted  to 
fatigue  in  the  men — to  obstacles  in  the  pipes — to  grit  or  sand  under  the 
valves,  &c.  whereas  in  fact  it  was  often  due  to  the  air  vessel  alone  ;  i,  e, 
to  the  escape  of  air  from  it.  This  escape  may  be  occasioned  by  mi* 
nute  leaks  in  'Jie  chamber,  but  when  no  such  imperfections  exist  the  air 
frequently  makes  its  exit,  and  its  place  becomes  occupied  by  the  liquid. 
Whenever  air  is  subjected  to  great  pressures  in  contact  wiih  water,  it  is 
uickly  absorbed  by  the  latter,  and  in  this  way  it  is  that  it  often  disappears 

}xn  the  air  chambers  of  fire-engines,  and  also  from  those  of  pressure-en- 
gi:,es.  Heron's  fountain,  water  rams,  &c.  When  a  long  suction  hose  is 
attached  to  an  engine  and  the  latter  worked  at  a  moderate  velocity,  a 
sufficient  supply  of  air  to  replace  that  taken  up  by  the  water,  commonly 
enters,  unknown  to  the  firemen,  through  the  seams  and  joints ;  but  when 
one  engine  is  fed  by  another  pouring  water  into  its  cistern,  there  is  little 
chance  for  the  requisite  supply  of  air,  unless  a  minute  opening  were  left 
in  the  cap  that  screws  over  the  orifice  of  the  suction  pipe,  at  one  end  of 
the  engine. 

The  suction  cocks  of  some  engines  diminish  their  useful  effect  in  con 
sequence  of  the  holes  through  the  plugs  being  smaller  than  other  pas  • 
sages  for  the  water. 

The  great  desideratum  in  modem  fire-engines  is  an  improved  mode  of 
working  them.  At  page  72  we  I'emarked  that  experimental  reseaixhes 
have  shown  the  useful  effect  of  a  man  working  a  pump,  in  the  ordinary 
way  with  a  lever,  to  be  fifty  per  cent  less  than  when  he  turns  a  crank ; 
and  that  when  his  strength  is  applied  as  in  the  act  of  rowing,  the  effect  is 
nearly  one  handred  and  fifty  per  cent  more  than  in  moving  a  pump  lever 
This  is  suHlicient  to  induce  efforts  to  supersede  the  ^.  sent  mode  of  work- 
ing the  pumps  of  fire-engines,  and  particularly  s^^    >8  the  labo     1  so 
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vere  that  few  can  continue  it  above  a  minute  or  two  at  a  time,  when  if 
relays  of  men  are  not  ready,  buildings  on  fire  are  left  to  fate.  The  jars 
or  concu.-!sions  produced  by  the  violent  contact  of  the  levers  with  the 
tides  of  the  carriage  at  every  stroke,  is  a  source  of  waste  of  firemen's 
energy,  and  want  of  uniformity  in  their  movements  when  at  work,  \f. 
another.  In  the  29th  vol.  of  the  London  Mechanics*  Magazine,  a  contri- 
vance is  described  for  diminishing  the  shocks  consequent  on  the  contact 
of  the  levers  with  the  carriage.  It  consists  of  three  spiriil  springs  enclosed 
in  cylindrical  cases  secured  on  each  side  of  the  carriage  ;  pads  rest  on  the 
springs  and  project  above  each  case,  and  upon  them  the  levers  strike  when 
pulled  down.  Blocks  of  caoutchouc  were  previously  tried,  but  the  vio- 
lence of  the  blows  soon  rendered  that  material  useless.  The  velocity 
wiik  which  engines  are  sometimes  worked  also  occasions  a  useless  expen- 
diture of  their  strength  ;  wc  have  seen  some  drawing  water  through  long 
suction  pipes,  and  the  pumps  worked  so  quickly  that  the  water  certainly 
had  not  time  to  pass  through  the  hose  ^naJiU  the  cylinders,  ere  the  pis- 
tons began  to  descend. 

If  some  mode  of  making  the  carriage  immovable,  and  the  pumps  were 
worked  by  long  cranks  on  each  side,  the  firemen  could  not  only  perform 
fifty  per  cent  more  labor,  but  they  could  do  it  with  less  exertion,  and 
consequently  endure  it  longer.  A  modification  of  the  plan  adopted  in 
the  Ypres  engine,  page  325,  would  be  still  more  effective ;  in  suidition 
to  which  ropes  might  be  attached  to  the  bars,  and  any  number  of  specta- 
tors could  then  assisL 

If  we  review  the  progress  of  fire-engines  in  modem  times,  from  the 
simple  syringe  to  the  splendid  machines  of  the  present  day,  we  shall  find 
that  every  important  improvement  in  the  apparatus  for  rttising  the  water, 
was  a  nearer  approach  to  the  engine  described  by  Heron.  Previous  to 
the  16th  century,  syringes  or  squirts  only  were  in  use,  and  not  till  the 
Spiriuilia  had  been  translated  and  printed  do  we  meet  with  the  applica- 
tion of  pumps.  At  first  a  single  workiiig  cylinder  was  employed,  and  the 
piston  moved  by  a  single  lever  as  in  No.  144 ;  then  two  cylinders,  each 
worked  by  a  sepai-ate  lever,  were  united  to  one  discharging  pipe — next 
'he  double  lever,  a6  figured  by  Heron,  by  which  an  alternating  movement 
jf  the  pistons,  and  a  more  efficient  application  of  the  force  employed  was 
secured  ;  then  the  goose-neck,  also  mentioned  by  Heron — and  lastly,  the 
air  vessel  made  its  appearance.  If  the  beautiful  and  philosophical  device 
^ast  mentioned,  be,  as  some  [»ersons  have  supposed,  a  modem  invention, 
why  is  it  that  no  one  has  ever  rose  up  to  chiim  it  1  is  not  this  a  tacit  ad- 
mission that  it  was  derived  directly  from  the  Spiritalia,  or  from  Viiruvius's 
description  of  the  machine  of  Ctesibius  ]  To  the  ancients,  then,  we  are 
indebted  for  the  most  valuable  features  in  our  fire-engines,  and  it  is  not 
uureasonable  to  'conclude  that  those  used  in  ancient  Kgypt  and  old  Rome 
were  as  effective  as  ours.  If  they  were  not,  it  is  ver^.  strange  that  Heron 
should  have  hit  upon  that  construction  of  them  and  that  arrangement  of 
their  parts,  which  we  have  only  acquired  after  a  century  spent  in  ex- 
periments. 

Of  late  years  "  steam  fire-engines**  have  been  introduced  with  success 
in  some  parts  of  Europe :  a  small  horizontal  steam-engine  with  its  boiler, 
being  arranged  on  the  carriage  of  the  fire-engine.  One  large  pump  cylin- 
der only  is  used,  and  its  piston  and  that  of  the  steam  cylinder  are  attached 
to  the  same  rod.  Mr.  Braithwaitc,  a  London  engineer,  was,  wc  believe, 
the  first  who  made  one  of  these  machines.  The  steam  cylinder  was  seven 
and  a  half  inches  diameter,  and  the  pump  six  and  a  half;  the  water  was 
forced  through  an  ajutage  of  seven-eighths  of  an  inch,  to  an  elevation  cX 
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ninety  feet.  The  time  of  getting  the  apijaratus  into  play  from  the  moment 
of  igniting  the  fuel,  was  eighteen  minutes.  Wben  an  alarm  of  fire  was 
given,  the  fuel  was  kindled  and  bellows  attached  to  the  engine  were  work- 
ed by  hand.  When  the  horses  were  harnessed  to  drag  the  machine  to 
the  fire,  the  bellows  were  worked  by  the  motion  of  the  wheels.  (See 
r«ondon  Mechanics'  Magazine  for  1830,  and  in  volume  xviii,  for  1832, 
there  is  a  figure  and  description  of  one  made  by  Mr.  B.  for  the  Prussian 
government,  being  designed  to  protect  the  public  buildings  of  Berlin.) 

One  or  two  of  these  machines  on  an  improved  plan  by  Mr.  Ericsson, 
are  now  being  constructed  in  this  city. 

Fire-engines  in  America. — The  first  use  of  fire-engines  is  an  impor- 
tant event  in  any  country,  and  may  be  considered  as  constitt.ting  an  epoch 
in  tlie  history  of  its  useful  mechanism :  moreover,  wherever  they  are  made, 
they  indicate  a  certain  degree  of  refinement  in  civilization  and  an  ad- 
vanced state  of  the  mechanic  arts.  To  their  introduction  into  this  conti- 
nent, future  historians  may,  and  probably  will,  have  recourse  for  data  res- 
pecting the  state  of  society  in  the  early  days  of  the  republic,  and  the  still 
earlier  times  during  which  the  country  was  subject  to  Europe ;  for  the 
circumstances  which  precede,  and  eventually  leaa  to  the  adoption  of  fire- 
engines,  invariably  reflect  lighten  the  manners  and  customs,  the  police  and 
otlier  municipal  regulations  of  the  times,  as  well  as  on  many  of  the  arts, 
particularly  those  connected  with  huilding.  The  following  extracts  from 
official  records  in  the  clerk's  office,  respecting  their  introduction  into  the 
city  of  New- York,  will  be  found  to  illustrate  some  of  the  above  remarks. 

Jt  does  not  appear  that  either  squirts  or  en^nes  were  used  during  the 
time  the  city  remained  in  possession  of  its  founders ;  viz  :  from  A.  D. 
1614  to  1664.  The  volume  of  Dutch  records  preserved  in  the  clerk's  of- 
fice, to  which  we  referred,  page  299,  contains  several  enactments  relating 
to  fires  and  fire  wardens,  but  no  mention  is  made  of  instruments  for  extin- 
guishing fires  until  1648,  when  ladders,  hooks  and  buckets  were  ordered 
from  Holland.  As  these  records  have  never  been  printed,  a  few  extracts 
from  the  "Ordinances  of  the  Director-General  and  the  Council  of  the  New 
Netherlands,"  will  be  acceptable  to  most  readers.  The  first  one  is  dated 
May  29,  1647 :  it  cannot,  perhaps,  be  stnctly  considered  as  related  to  our 
subject,  although  it  was  designed  to  remove  a  fruitful  source  of  fires,  viz  : 
inebriety.  On  the  above  date  the  Direc^r-General,  Petrtu  Stuyvesantj 
issued  a  proclamation,  addressed  to  certain  of  the  inhabitants  "  who  are  in 
the  habit  of  getting  drunk,  of  quarrelling,  fighting,  and  of  smiting  each 
other  on  the  Lord's  day  of  rest,  of  which  on  the  last  Sunday,  we  our- 
selves, witnessed  the  painful  scenes."  It  appears  from  this  and  other 
edicts  to  the  same  effect,  that  the  governor  had  considerable  difficulty  in 
keening  a  portion  of  his  people  sober;  and  from  following  a  practice  which 
he  denounces  as  the  ''  dangerous,  injurious,  and  damnable  selling,  giving 
out,  and  dealing  out,  wines,  beers,  and  ardent  spirits  to  the  Indians  or  na- 
tives of  this  land." 

Another  proclamation  is  more  to  our  purpose.  "  Whereas  it  has  come 
to  the  knowledge  of  his  excellency,  the  Director-General  of  New  Ne- 
therlands, Curacoa,  &c.  and  of  the  Islands  of  the  same,  and  their  Excellen- 
cies the  Councillors,  that  certain  careless  persons  are  in  the  habit  of  nea*- 
lecting  to  clean  their  chimnies  by  sweeping,  and  paying  no  attention  to  their 
fires  ;  whereby  lately  fires  have  occurred  in  two  houses ;  and  whereas  the 
danger  of  fire  is  greater  as  the  number  of  houses  increases  here  in  New- 
Amsterdam  ;  and  whereas  the  greater  number  of  them  are  built  of  wood 
and  are  covered  with  reeds,  together  with  the  fact  that  some  of  the  houses 
have  wooden  chimnies,  which  are  very  dangerous:     Therefom  by  th€ 
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prompt  and  excellent  Director-General  and  their  honours  ihe  Councillors 
It  has  been  deemed  advisable  and  highly  necessary  to  look  into  this  mat* 
ter,  and  they  do  hereby  ordain,  ena;:,  and  interdict,  that  from  this  time 
forth  no  wooden  or  platted  chimnies  ehall  be  permitted,  .  .  .  Those  already 
standing  shall  be  permitted  to  remain  during  the  good   pleasure  of  the 

fire  wardfju As  often  as  any  chimnies  shall  be  discovered  to  b? 

foul,  the  fire  wardens  aforesaid  shall  condemn  them  as  foul,  and  the  owner 
shall  immediately,  and  without  any  gainsaying,  pay  the  fine  of  thrs^ 
^lilders,  for  eadh  chimney  thus  condemned  as  foul ;  to  be  appro^^riated  to 
the  maintenance  o^  fire  ladder i^  Jiookst  and  buckeU  ;  which  shall  be  pro* 
vided  and  procured  [from  Holland]  the  first  opportunity.  And  in  case  the 
house  of  any  person  shall  be  burned,  or  be  on  fire,  either  through  his  owo 
negligence,  or  his  own  fire,  he  shall  be  mulcted  in  tlie  penalty  of  iioentjf 
five  guilders^  to  be  appropriated  as  aforesaid.  Thus  done,  passed  and  pub- 
lished at  Fort  Amsterdam,  this  23d  day  of  January,  1648." 

This  ordinance  does  not  appear  to  have  produced  the  desired  effect, 
since  a  similar  one  was  published  in  September  of  the  same  year.  In  Fe- 
bruary 1656  another  was  issued,  by  which  the  fire  wardens  were  directed  to 
establish  such  penalties  for  chimneys  or  houses  taken  fire  ^*as  shall  hejaund 
imcmg  the  customs  xjfour  FathjcrlnndP  At  the  close  of  the  following  year 
the  use  of  squirts  or  engines  does  not  appear  to  have  occurred  to  the  inha- 
bitants,  a  circumstance  from  which  it  may  be  inferred  that  such  machines 
were  at  that  time  little  used  in  Holland,  and  this  also  appears  from  an  al« 
lusion  to  the  practice  of  quenching  fires  there,  in  a  proclamation  prohibit* 
ing  wooden  chimneys,  flag  roofs,  &c.  '*  In  all  well  regulated  cities  and 
corporations,  it  is  customary  that  fire  buckets,  ladders  and  hooks,  are  In 
readiness  at  the  corners  of  the  streets,  and  in  public  houses,  for  the  time  of 
need.  [Here  is  no  mention  of  engines,  although  the  instruments  used  in 
Holland  are  obviously  alluded  to.]  The  Director-General  and  the  coun- 
cillors do  ordain  and  authorize  in  these  premises,  the  burgomasters  of 
this  city,  either  personally  or  by  their  treasurer,  promptly  to  demand  for 
every  house,  whether  small  or  large,  one  beaver,  or  eight  guilders  in  se&- 
want,  according  to  the  established  price;  for  the  purpose  of  ordering  from 
the  revenue  of  the  same,  by  the  nrst  opportunity,  jram  Fatherlandy  two 
Jiundred  and  fifty  haiherfire  buckets;  and  out  of  the  surplus,  to  have  made 
fiovae  fire  ladders  sjid  fire  hf*oks:  and  in  addition  to  this,  once  a  year,  to 
demand  for  every  chimney,  one  guilder  for  the  support  and  maintenance 
of  the  same.  Thus  done  in  the  session  of  the  director-general  and  coun- 
cillors, held  in  the  fort  of  Amsterdam,  in  New  Netherlands,  this  15ih  dav 
of  December,  A.  D.  1657." 

'  After  New  Netherlands  became  a  British  province,  similar  ordinances 
continued  to  be  enacted  till  the  year  1731,  when  two  of  Newsham's  en- 
gines were  ordered  from  London.  These  were  probably  the  first  fire-en- 
gines used  on  thi^  continent.  The  following  extracts  are  from  the  mi- 
nutes of  the  common  council. 

**  At  a  common  council  held  the  16th  day  of  February  1676-7,  in  the 
2Sth  yeat  of  C/iarles  II.  Ordered  that  all  and  every  person  and  persons 
that  have  any  of  the  city's  ladders,  buckets  or  hooks  in  their  hands  or 
custody,  forthwith  bring  the  same  unto  the  mayor,  as  they  will  answer  the 
contrary  at  their  peril."  The  same  date  some  wells  were  ordered  to  be 
made  "  for  the  public  good  of  the  city,"  among  which  was  "  one  over 
ai^inst  Youleff  Johnson's  the  biitch^- ;  and  another  in  Broadway  against 
All.  Vandike's."  "  At  a  common  council  held  the  15th  dsy  of  March 
1683,  in  the  3Qlh  of  the  reign  of  Charles  II.  Ordered  tihat  provision  be 
made  for  hooks,  ladders  and  buckets,,  to  be  ke|>t  in  convenient  placRi 
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within  this  cityi  for  avoydlxxg  ihe  peril  (if  fire."  No  mention  is  here  made  oi 
engines,  nor  in  the  next  extract,  wherein  the  want  of  instruments  to  quench 
fire  is  especially  referred  to.  *•  Feb.  28,  1686  :  Whereas  great  damages 
have  been  done  by  fire  in  this  city,  by  reason  there  were  not  instruments 
lo  quench  the  same.  It  is  ordered  that  every  inhabitant  within  the  city 
whose  dwelling  house  has  two  chimnies  shall  provide  one  bucket  for  its 
use :  and  every  house  having  more  than  two  hearths,  shall  have  two 
buckets.'*  Every  brewer  was  to  provide  six,  and  every  baker  three  buck- 
ets, under  a  penalty  of  six  shillings  for  every  bucket  ordered.  "  January 
1689 :  Ordered  that  there  be  appointed  five  Brent  masters  for  the  city  ul 
New- York,  as  folio ws :  Peter  Adolf,  Derek  Vanderbrink,  Derek  Ten 
£yk,  Jacob  Borlen,  Tobias  Stoutenburj?h  ;  and  that  five  ladders  be  made 
to  serve  upon  occasion  of  fire,  with  sufficient  hooks  thereto." 

November  16,  1695  :  Every  dwelling  in  the  city  was  to  be  provided 
with  one  or  more  buckets  by  New- Year's  day.  The  tenants  were  to 
provide  them  for  the  houses  itxey  occupied,  and  the  cost  to  be  deducted 
from  the  rent.  Every  brewer  was  again  ordered  to  procure  for  his  pre* 
mises  six,  and  every  baker  three.  Several  buckets  were  lost,  and  the 
public  crier  was  directed  to  give  notice.  These  "  orders"  do  not  appear 
to  have  been  implicitly  obeyed,  for  they  were  frequently  repeated,  and 
in  November  1703,  a  penalty  was  attached  for  noncompliance.  "  Octo* 
ber  1,  1706 :  Ordered  that  Alderman  Vanderburgh  do  provide  for  iho 
public  use  of  this  city,  eight  ladders  and  two  fire  hooks,  and  poles  of  sucli 
length  and  dimensions  as  he  shall  judge  to  be  convenient,  to  be  used  in 
case  of  fire."  November  20,  1716,  a  committee  was  appointed  **  to  pro- 
vide a  sufficient  number  of  ladders  and  hooks  for  the  public  use  of  this 
city  in  case  of  fire."  In  November  1730,  fire-engines  are  first  men- 
tioned. On  the  18th  of  that  month  among  other  provisions  enacted  for 
the  prevention  and  extinguishment  of  fires,  one  is  in  the  following  words : 
**  And  be  it  ordained  by  the  authority  aforesaid,  that  forthwith  provision 
be  made  for  hooks,  ladders  and  buckets,  and  pire-engineb,  to  be  kept  in 
convenient  places  within  the  city  for  avoiding  the  peril  of  fire."  At  the 
same  time  the  inhabitants  were  again  directed  to  provide  and  keep  buckets 
in  their  houses.  It  does  not  appear  that  any  active  measures  to  procure 
tlie  engines  were  taken  till  the  next  year,  for  under  the  date  of  May  6, 
1731,  the  common  council  "  Resolved  that  this  corporation  do  with  all 
convenient  speed  procure  ttvo  complete  Jire-engines,  with  suction  ajul  all 
materiah  thereunto  belonging,  for  tJte  public  service:  that  the  sizes  thereof 
be  the  fourth  and  sixth  sizes  rf  Mr,  NewshanU  fore-engines  :  and  that  Mr. 
Mayor,  Alderman  Cruger,  Alderman  Rutgers  and  Alderman  Roosevelt, 
or  any  three  of  them,  be  a  committee  to  agree  with  some  proper  merchant 
or  merchants  to  send  to  London  for  the  same  by  the  first  conveyance, 
and  report  upon  what  terms  the  said  fire-engines,  ccc,  will  be  delivered  to 
this  cor}>oration." 

On  the  I2t?i  of  Jwne  the  committee  reported  that  the  engines  could  be 
imported  at  an  advance  of  120  per  cent  on  the  invoice ;  and  thay  were 
ordered  accordingly.  They  seem  to  have  arrived  about  the  \st  of  J9e- 
eember,  for  on  that  day,  a  room  in  the  City  Hall  was  ordered  to  be  frtied  up 
**  for  securing  the  fire-engines."  On  the  liih  of  December  a  committee 
of  two  was  appointed  '*  to  have  the  fire-engines  cleaned  and  the  leathers 
oiled  and  put  into  boxes,  that  the  same  may  be  fit  for  immediate  use." 
January  2dy  1732.  The  mayor  and  four  members  of  the  court  were  au- 
thorized to  employ  persons  to  put  the  fire-engines  in  good  order,  and  also 
to  agree  with  proper  persons  to  look  after  and  take  care  of  the  same.  It 
iiikY>ears  that  Anthony  Lamb  was  the  first  •uperiutendeut  of  fire-enginea 
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for  on  (he  2ith  of  January  1735,  the  mayor  was  ordered  "  to  issue  his  ^  ar 
rant  to  the  treasurer  to  pay  Mr.  Anthony  Lamb,  overseer  of  the  fire-engines, 
or  order,  the  sum  of  three  pounds,  current  money  of  this  colony,  in  fuU. 
of  one  quarter  of  a  year's  salary,  due  and  ending  the  first  instant."  On 
the  same  date  a  committee  was  appointed  to  employ  workmen  "  to  put 
them  in  good  repair,  and  that  they  have  full  power  to  agree  with  any 
person  or  persons  by  the  year,  to  keep  the  same  in  such  good  plight,  re- 
pair and  condition,  and  to  play  the  same  as  often  as  there  shall  be  occasion 
upon  any  emergency." 

April  15,  1736.  *'  A  convenient  house  [was  ordered]  to  be  made  conti- 
guous to  the  watch-house  in  the  Broad  street  for  securing  and  well  keeping 
the  fire-engines  of  the  city."  This  seems  to  have  been  the  first  engine 
house.  May  1,  1736.  Jacobus  Turk,  a  gunsmith,  was  appointed  to  take 
charge  of  the  fire-engines  and  to  keep  them  in  repair  at  his  own  cost,  for 
a  salary  of  ten  pounds  current  money.  Mr.  Turk  undertook  during  the 
next  year  to  make  an  engine^  for  May  15,  1737,  the  common  council  or- 
dered the  sum  of  ten  pounds  to  be  advanced  '*  to  the  said  Jacobus  Turk, 
to  enable  him  to  go  on  with  finishing  a  small  fire-engine  he  is  making  for 
an  experiment  r''  probably  the  first  made  in  America. 

November  4,  1737.  The  'common  council  drew  up  a  petition  to  the  le- 
gislature to  enable  the  corporation  ''  to  appoint  four-and-twenty  able  bo 
died  men,  inhabitants  within  this  city,  who  shall  be  called  lYveJiremen  of  this 
city,  to  work  and  play  the  fire-engmes  within  the  same,  upon  all  occasions 
and  emergencies,  when  they  shall  be  thereunto  required  by  the  overseer 
of  the  said  engines,  or  the  magistrates  of  the  said  city  :  and  that  the  said 
firemen  as  a  recompense  and  reward  for  that  service,  may  by  the  same 
law  be  excused  and  exempted  from  being  elected  and  serving  in  the  otHce 
of  a  constable,  or  l>eing  enlisted,  or  doing  any  duty  in  the  militia  regiment, 
troop,  or  companies,  in  the  said  city,  or  doing  any  duty  in  any  of  the  said 
offices  during  their  continuance  as  firemen  aforesaid."  This  law  was 
passed  by  the  assembly  in  September  following,  and  the  duty  of  firemen  de- 
fined. The  next  notice  of  engines  occurs  ten  years  afterwards,  in  March 
1748,  when  the  corporation  "  ordered  that  one  of  the  fire-engines  of  this 
city,  of  the  second  size,  be  removed  to  Montgomery's  Ward  of  this  city, 
near  Mr.  Hardenbrooks ;  and  that  a  shed  be  built  thereabouts  at  the  charge 
of  this  corposation  for  the  securing  and  keeping  the  same."  By  this  it 
appears  that  several  engines  besides  the  two  original  ones  were  then  in 
use.  The  one  just  named  was  a  different  size  (much  smaller)  than  those 
first  ordered.  It  is  uncertain  whether  the  additional  ones  were  made  by 
Mr.  Turk,  but  probably  not,  since  both  large  and  small  ones  were  ordered 
from  London  for  several  years  after  this  date.  From  the  following  ex- 
tract we  find  that  several  of  the  large  fire-engines  (the  sixth  size  of  New- 
sham)  belonged  to  the  city.  February  28,  174^,  "Ordered  that  Major 
Vanhousand  and  Mr.  Provost  do  take  care  to  get  a  sufficient  house  built 
for  one  of  the  large  fire-engines,  to  be  kept  in  some  part  of  Hanover  square 
at  the  expense  of  this  corporation,  and  that  there  be  a  convenience  made 
therein  for  hanging  fifty  buckets :  and  also  ordered  that  there  be  one  hun- 
dred new  fire  buckets  made  for  the  use  of  this  corporation  with  all  con- 
venient speed." 

May  8,  1752.  "  Ordered  that  Jacob  Turk  have  liberty  to  purchase  six 
Buiall  speaking  trumpets  for  the  use  of  this  corporation,"  i,  e.  for  the  pur- 
pose of  giving  directions  to  firemen  during  conflagrations.  June  20,  1758. 
**  One  large  fire-en^ne,  one  small  do.  and  two  hand  do."  were  ordered 
to  be  procured  from  London.  Jufy  24,  1761.  Mr.  Turk,  after  superin- 
teniiing  the  engines  for  twenty- five  years,  was  superseded  by  Jacobiu 
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Stoutenburgh,  who  wza  directed  to  take  charge  of  them  at  a  salary  o« 
thirty  pounds  ;  and  "  the  late  overseer,  Mr.  Jacobus  Turk,  [v  as  ordered 
to]  deliver  up  to  the  said  Jacobus  Stoutenburgh,  the  said  several  fire-en- 
gines.** November  19,  1762.  The  firemen  were  directed  to  wear  leather 
caps  when  on  duty.  May  7,  1772.  An  engine  was  orcrered  to  be  pro- 
vided for  the  Out  ward.  Jvly  10,  1772.  "Alderman  Gautier  laid  before 
this  board  an  account  of  the  cost  of  two  fire-engines  belonging  to  Thomas 
Tillier :  and  Alderman  Gautier  is  requested  to  purchase  the  same."  Sep- 
tember 9,  1772.  A  committee  was  autlionzed  "to  purchase  one  other  fire- 
engine  of  David  Hunt."  The  three  engines  last  named  were  probably 
from  England,  for  at  the  time  these  machines  were  in  tlie  list  of  ordinary 
imported  manufactures. 

It  is  not  impossible  that  some  engines  were  made  in  Massachusetts  about 
the  time  of  the  Revolutionary  war.  In  October  1767,  the  people  of  Bos- 
ton, irritated  by  the  exactions  and  disgusted  with  tlie  parasites  of  mo- 
narchy, determined  in  a  town  meeting  to  cease  importing  from  the  31st  ol 
December  following,  numerous  articles  of  British  manufacture,  among 
which  were  enumerated  anchors,  nails,  pewter-ware,  clothing,  hats,  car- 
riages, cordage,  furniture,  and  fire-engines.  And  in  March  1768,  the  As- 
sembly resolved,  "  that  this  house  will,  by  all  prudent  means,  endeavour 
to  discountenance  the  use  of  foreign  superfluities,  and  to  encourage  the 
manufactures  of  this  province  ;*'  hence  it  is  reasonable  to  suppose  that  en« 
eines  either  had  been,  or  then  could  be  made  in  the  province ;  otherwise 
It  is  not  likely  that  their  imports:  ion  would  have  been  denounced.  As 
an  article  of  trade  they  were,  from  the  limited  number  required,  insignifi- 
cant— they  had  no  connection  with  luxury ;  and  so  far  from  being  "  su- 
perfluities," they  were  necessary  to  protect  the  property  of  the  people 
from  destruction — they  would  therefore  be  among  the  laM  things  that  a 
people  would  cease  to  import  while  unable  to  make  them. 

It  was  not  till  several  years  after  the  close  of  the  struggle  for  indepen- 
dence that  fire-engines  were  made  in  this  and  some  other  cities.  They 
have,  however,  long  been  made  here  and  in  Philad'lpliia,  Boston,  &c. 
Small  engines  were  formerly  used,  but  they  have  grau.  'ly  disappeared, 
the  manufacturers  confining  themselves  principally  to  the  jargest.  The  uso 
of  buckets  has  also  been  discontinued  on  account  of  the  extensive  applica- 
tion of  hose.  Village  engines  are  sometimes  constructed  with  single  cy- 
linders and  double  acting,  but  being  more  liable  to  derangement,  they  are 
not  extensively  used.  Rotary  engmics  are  also  made  in  some  parts  of 
New-England,  on  the  principle  of  oramah  and  Dickenson's  pumps,  (No. 
138.)  As  ordinary  fire-engines  are  merely  forcing  pumps,  arranged  in 
carriages  and  furnished  with  flexible  pipes ;  it  is  not  to  be  supposed  that 
any  radical  improvement  upon  them  can  be  eflected.  The  pump  itself 
is,  {lerhaps,  not  capable  of  any  material  change  for  the  better;  and  it  is  at 
present  essentially  the  same  as  when  used  by  Ctesibius  and  Heron  in 
Egypt,  twenty  centuries  ago:  hence  fire-engines,  since  hose  pipes  and  »ir 
chambers  were  introduced,  have  differed  from  each  other  chiefly  in  the 
carriages  and  in  the  arrangement  and  dimensions  of  the  pumps — as  the 
position  of  the  cylinders,  modes  of  working  the  pistons,  bore  and  direction 
of  the  passages  for  the  water,  &c.  In  these  respects  there  is  not  much 
ditterence  between  European  and  American  engines;  nor  in  the  varieties 
of  the  latter.  Those  made  in  Philadelphia  rather  resemble  French  and 
German  engines,  in  working  the  pumps  at  the  ends  of  the  carriages,  and 
w^ithout  the  sectors  and  chains ;  while  New- York  engines  are  })reciseiv 
the  same  as  Newsham's,  both  in  the  arrangement  of  the  pumps  and  mode 
of  working  them,  with  the  exception  of  treddles,  which  are  not  used* 


344  PhiltulelfMa  Fire-EngiM.  [Book  111. 

No,  153  represents  an  external  view  of  a  PbiUdeiphia  cn^s !  ihfl 
(lumps  unil  nir  ves^i'l  ni-e  nin-anged  aa  in  Nu.  IdO,  but  thc<  p.slon  rods  are 
connected  directly  to  the  bent  lever,  which  is  moved  by  a  douh'.e  set  of 
handles  or  staves.  A  number  o.'  ne:i  stand  upon  each  end  of  the  cistern  and 
work  die  engine  by  the  staves  nearest  to  them,  while  others  on  the  ^ound 
apply  tbeir  strength  to  the  staves  at  the  extremities  of  the  lever.  The 
staves  turn  upun  studs  at  the  centre  of  the  cross  bars,  and  when  put  in 
operation,  fail  into  clasps  that  retain  them  in  their  places.  Provision 
is  mode  lo  convey  the  stream  either  from  the  lower  or  from  the  uppLi^ 
pan  of  the  air  chamber.  Hose  companies  supply  the  engines  with  water. 
The  firemen,  as  in  all  American  cities,  are  volunteers,  and  generally  con- 
sist of  young  tradesmen  and  merchants'  clerks,  Ac.  They  are  exempt 
fi'om  militia  and  jury  duty.  Each  member  pays  a  certain  sum  on  his 
admission,  and  a  small  annual  subscription.  A  fine  is  also  imposed,  upon 
any  one  appearing  on  duty  without  his  appropriate  dress  (see  figure  in  thu 
cut)  as  well  for  being  absent.  A  generous  spirit  of  rivalry  exists  among 
the  [litferciit  companies,  which  induces  them  to  keep  their  engines  in  a 
high  state  of  working  order. 
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No.  154  exhibits  a  New- York  engine.  The  pump  cylinders  are  ar* 
rangeil  and  worked  precisely  as  shown  in  the  section  No.  150.  Thoy 
are  sm  and  a  half  inches  diameter,  and  the  pistons  have  a  stroke  of  nine 
inches.  Previous  to  tlie  formation  of  hose  companies,  each  engine  was 
provided  with  a  reel  of  hose ;  this,  when  not  in  use,  was  covered  by  a 
case  of  varnished  cloth  or  leather.  Most  of  the  engines  still  have  reels, 
which  are  carried  as  shown  in  the  cut.  The  stream  of  water  is  invariably 
taken  fi'om  the  top  of  the  air  chambers,  which  resembie  the  one  at  No.  150 
This  practice  is  bad,  because  in  most  cases  that  part  of  the  hose  between 
the  goose-neck  and  the  fire  descends  to  the  ground,  and  hence  the  water 
in  the  pipe  is  unnecessarily  diverted  from  its  course  and  a  corresponding 
diminution  of  effect  is  the  result.  In  all  cases  the  hose  had  better  be  con- 
nected to  the  liottom  of  the  air  chamber,  or  to  its  side  near  the  bottom, 
•a  in  Nos.  US,  152   155.     Very  ^chambers  (b  the  one  in  No  150] 


Chap.  8.]  Nex'Yvrk  Fire-Engme.  84( 

retard  l1>j  issue  of  'Mi  1i>|uiJ  more  thui  others  which  discharge  it  Troiii 
the  top,  K'cnusc  the  v:»uir  has  to  descend  in  them  nearly  perpcadicu 
larly  to  e:iter  the  I'rifice  of  the  pipe,  and  ita  direction  i?  dien  precisely 
reoened,  for  it  has  to  n&2  perpendicularly  in  order  to  escape. 


In  exterior  decoration  American  en^nes  are  probably  unrivaled ;  the 
firemen  take  pnde  in  ornamenting  their  respective  machines,  and  hence 
moBl  of  ihern  are  finished  In  the  most  superb  and  expensive  manner.  The 
whole  of  the  iron  work,  exct^pt  the  tire  of  the  wheels,  is  fretjuently  plated 
with  silver ;  every  part  formed  of  brass  is  brought  to  the  highest  polish  ; 
and  while  all  the  wood  work,  including  the  wheels,  is  elegantly  painted 
and  gilded,  the  backs,  fronts,  and  panels  of  the  case  that  encloses  the 
air  chamber  and  pumps,  are  enriched  with  historical  and  emblematical 
paintings  boj  carved  work,  by  the  first  artists. 

A  new  organization  of  the  fire  dcpai'Unenl  of  New-York  has  long  been 
in  coiitempkcion,  and  the  project  of  a  law  to  that  elTect,  is  at  this  time 
under  the  considerarion  of  the  IcgisUiture  of  tlia  state,  and  of  the  corpo- 
ration (if  the  city. 

I'lie  most  valaable  contribution  of  American  mechanicians  to  the  meaub 
of  extinguisiiing  lires  is  the  riveled  liose,  invented  by  Sellers  and  Pennoclt 
of  Fhiladel|ihia.  It  is  too  well  known  both  here  and  in  Europe  to  re- 
quire particular  description.  No  modem  apparatus  is  complete  without  it. 

The  Mechanics*  Institute  of  New-York  ofl'ercd  a  gold  medal  {in  January 
|S40)  for  the  best  plan  of  a  Sleam  fire-engine.  The  publication  of  the 
r.".dce  was  very  limited,  and  but  two  or  three  plans  were  sent  in.  Of 
these,  one  by  Mr.  Er.csson,  a  European  engi  leer  now  in  this  country,  re 
ceived  the  prize.  No.  155  n^presents  a  view  of  the  engine.  No.  156  a 
le"gi',udinal  secti()n  of  the  boiler,  sleam  engins,  pump,  air  vessel  and  blow- 
iug  apparatus.  No.  157,  plan.  No.  15S,  a  transverse  section  of  the  boiler 
through  the  furnace  and  steam  chamber.  No.  159,  the  lever  or  handle 
f'-r  working  the  blowing  apparatus  by  hand.  The  following  is  the  inven- 
tor's Hpscription,  in  which  tue  same  letters  of  reference  denote  the  lame 
pvtt-  in  ail  the  figures. 

44 
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''A  the  double  acting  force  pump,  cast  of  gun  metal,  flrmly  eecured  t-)  the 
carriage  frame  by  four  strong  brackets  cast  on  its  aides.  «,  a.  Suction 
valves,  a',  a'.  Suction  passages  leading  io  the  L-ylindcr.  a".  Chamber 
containing  the  suction  valves,  and  to  which  i:hamber  are  connected  suction 
pipes  a"',  a"',  t-*  which  the  hose  is  attached  by  sciewa  '.n  ihe  asuat  man- 
'jer,  and  closed  by  iiie  ordinary  screw  cap.  Tlie  deUvenng  valves  and 
paasages  at  tne  top  of  ihe  cylinder  are  similur  to  those  just  mentioned. 


B  the  air  vessel,  of  a  globular  form,  made  of  copper,  h  b  delireij 
pipes,  to  which  the  pressure  hose  is  atlached  ;  when  only  'jne  jet  is  re- 
quired tlie  opposite  pipe  may  be  closed  by  a  screw  cap,  as  usual.  Th« 
piston  ur  bucket  of  the  force  pump  to  be  provided  with  double  leathol 
psckitig:  [cupped  leathers]  the  piston  rod  to  be  made  o^'iooperi 
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"  C  tlie  boiler,  constructed  on  the  principle  of  the  )rilinury  locoir 
bnilcr,  and  containing  27  tubes  of  1  j  inch  diameter.  The  top  of  the  g 
chamber  and  the  horizontal  pari  of  the  bo|,)er  should  bi 
to  prevent  the  radiation  of  hea 


fire  door,     c'  the  ash  pan. 


e"  a  box  attached  to  end  of  boiler,  inclosinir  the  exit  of  the  tubes.  The 
hilt  air  from  the  tubes  received  by  this  bux  is  passed  off  through  smoke 
pi)*e  c"',  which  is  carried  through  D  D,  making  a  half  spiral  turn  rcand 
the  air  vessel  in  the  form  of  a  serpent.  C*,  iron  brackets  riveted  to  the 
boiler,  and  bolted  to  the  carriage  frame,  tf,  a  wrouglit  iron  stay,  also 
bolted  to  the  carriage  frame,  for  supporting  the  horizontal  part  of  the  boiler 
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**  E|  a  cylindrical  box  attached  to  the  top  of  the  steam  chamber,  contair 
iiig  a    conical  steam  valve  e,  and  also  safety  valve  c'.    ^'  screw  with 
handle  connected  to  the  steam  valve,  for  admitung  or  shutting  ofifthe  steaiu 
e"'  induction  pipe,  for  conveying  die  steam  to 

F,  the  steam  cylinder,  provided  with  steam  passages  and  slide  valve  of 
the  usual  construction,  and  secured  to  the  carriage  frame  in  the  same  man- 
ner as  the  force  pump,  y  Eduction  pipe,  for  carrying  off  the  steam  into  the 
atmosphere.  J^  Piston,  provided  with  metallic  packing,  on  Barton's 
plan.  /^\  Piston  rod  of  steel,  attached  to  the  piston  rod  of  the  force 
pump  by  means  of 

G.  a  crosshcad  of  wrought  iron,  into  which  both  piston  rods  are  inserted 
and  secured  by  keys,    g.  Tappet  rod  attached  to  the  crosshead,  for  mov 
ing  the  slide  valve  of  the  steam  cylinder  by  means  of  nuts  g^,  g',  which 
may  be  placed  at  any  position  on  the  tappet  rod. 

H.  Si)indle  of  wrought  Irrn,  working  in  two  bearings  attached  to  the 
cover  of  the  steam  cylinder,  the  one  end  thereof  having  fixed  to  it,  h 
1  lever,  moved  or  struck  ultimately  by  the  nuts  ^,  g^,  h!  a  lever,  fixed  to 
the  middle  part  of  the  spindle  H,  for  moving  the  steam  valve  rod. 

I.  Force  pump  for  supplying  the  boiler,  constructed  with  spindle 
valves  on  the  ordinary  plan  ;  the  suction  pipe  thereof  to  communicate 
with  the  valve  chamber  of  the  water  cylinder,  and  the  delivering  pipe  to 
be  connected  to  the  horizontal  part  of  the  boiler,  i.  Plunger  of  force  pump, 
to  be  made  of  gun  metal  or  copper,  and  attached  to  the  crosshead  G. 

J.  Blowing  apparatus,  consisdng  of  a  square  wooden  box,  with  pan- 
eled sides,  in  which  ia  made  to  work  a  square  piston  j^  made  of  wood, 
joined  to  the  sides  of  said  box  by  leather.  /,  Circular  holes  or  openings 
through  the  sides,  for  admitting  atmospheric  air  into  the  box;  these  aoles 
being  covered  on  the  inside  by  pieces  of  leather  or  India  rubber  cloth  to 
act  as  valves.  /',  are  similar  holes  through  the  top  of  tlie  box,  for  passing 
oflf  the  air  at  each  stroke  of  the  piston,  into 

K.  Receiver  or  regulator,  which  has  a  movable  top  A*,  made  of  wood, 
joined  by  leather  to  the  upper  part  of  the  box  ;  a  thin  sheet  of  lead  to  be 
attached  thereto,  for  kee\>ing  up  a  certain  compression  of  air  in  the  regii 
lator.  h! ,  Box  or  passage  made  of  sheet  iron,  attaclied  to  the  blowmg 
ap]iaratus,  and  having  an  open  communication  with  the  regulator  at  V  : 
to  this  passage  is  connected  a  conducting  pipe,  as  marked  by  dotted  lines 
in  No.  156,  for  conveying  the  air  from  the  receiver  into  the  ash  pan,  under 
the  furnace  of  the  boiler  at  k'" ;  this  '  inducting  pipe  passes  along  the  in- 
side of  the  carriage  frame  on  either  side. 

L,  L.     Two  parallel  iron  rods,  to  ^hich  the  piston  of  the  blowing  ap- 
paratus is  attached  :  these  rods  work  through  guide  brasses  Z,  Z,  and  they 
may  be  attached  to  the  crosshead  Gr,  by  keys  at  /',  V,     The  holes  at  th* 
ends  of  the  crosshead  for  admitting  these  rods  are  sufiiciently  large  to  al 
low  a  free  movement  whenever  it  is  desirable  to  work  the  blowing  appa 
ratus  independently  of  the  engine. 

M.  Spindle  of  wrought  iron,  placed  transversely,  and  working  in  twf 
bearings  fixed  under  the  carriage  frame :  to  this  spii.ile  are  fixed  two 
crank  levers  wt,  i»,  which  by  means  of  two  connectmg  rods  in'  m*,  give 
motion  to  the  piston  rods  L,  L,  by  inserting  the  hoc  ks  mf',  W,  into  tho 
eyes  at  the  ends  of  the  said  piston  rods. 

N.     Crank  lever,  fixed  at  tlic  end  of  spindle  M,  which  by  means  of 

O.     Crank  pin,  fixed  in  thi;  carriage  wheel,  and  also 

P.     Connecting  rod,  will  communicate  motion  to  the  blowing  appaia- 
tus,  whenever  ihe  carriage  is  in  motion,  and  the  above  parts  duly  ccii 
r  acted. 
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"A  pm  n  U  fixed  in  lever  N,  placed  at  such  distance  from  the  centre  of 
tplndic  M,  that  it  will  fit  the  hole  nf  of  the  lever  shown  in  No.  159,  whilst 
h"  receives  the  end  of  the  spindle  M.  Whenever  the  blowing  apparatus 
is  to  l)e  worked  by  the  engine  or  by  manual  force,  the  connecting  rod  P 
should  be  detached  by  means  of  the  lock  at  p.  The  carriage  frame  should 
be  made  of  oak,  and  plated  with  iron  all  over  the  outside  and  top  ;  the 
top  plate  to  have  small  recesses,  to  meet  the  brackets  of  the  cylinders,  as 
shown  in  the  drawing.  The  lock  of  the  carriage,  axles,  and  springs  to  be 
made  as  usual,  only  differing  by  having  the  large  springs  suspended  below 
the  axle.  The  carriage  wheels  to  be  constructed  on  the  suspension  prin- 
ciple ;  spokes  and  rim  to  be  made  of  wrought  iron,  and  very  light. 

The  principal  object  of  a  steam  fire-engine  being  that  of  not  depending 
on  the  power  or  diligence  of  a  large  number  of  men,  one  or  two  horses 
should  always  be  kept  in  an  adjoining  stable  for  its  transportation.  The 
fire  grate  and  Hues  should  be  kept  very  clean,  with  dry  shavings,  wood  and 
coke,  carefully  laid  in  the  furnace  ready  for  ignition ;  and  a  torch  should 
always  be  at  hand  to  ignite  the  fuel  at  a  moment's  notice.  To  this  fir« 
engine  establishment  the  word  of  fire  should  be  given,  without  internm. 
diate  orders :  the  horses  being  put  to,  the  rod  attached  connecting  the  car- 
riage wheel  to  the  bellows,  and  the  fuel  ignited,  the  engine  may  on  all  or- 
dinaiy  occasions  be  at  its  destination,  and  m  full  operation  in  ten  minutes.*' 

Attempts  to  supersede  fire-engines  were  formerly  common.  Zachary 
Greyl  is  said  to  be  the  first  who,  in  modem  times,  devised  a  substitute. 
This  consisted  of  a  cloBe  wooden  vessel  or  barrel,  containing  a  considera- 
ble quantity  of  water,  and  in  the  centre  a  small  iron  or  tin  case  full  of  gun- 
powder :  from  this  case  a  tube  was  continued  through  the  side  or  head  of 
the  barrel,  and  was  filled  with  a  composition  that  readily  ignited.  When 
a  room  was  on  fire,  one  of  these  machines  was  thrown  or  conveyed  intc* 
tt,  and  the  powder  exploding  dispersed  the  water  in  the  outer  case  in 
every  direction,  and  instantly  extmguished  the  fiames  although  raging 
with  violence  a  moment  before.  In  1723,  Godfrey,  an  English  chemist, 
copied  this  device,  ard  impregnated  the  water  with  an  "  antiphlogistic*' 
substance.  He  named  his  machines  *' water  bombs."  In  the  year  1734, 
the  States  of  Sweden  offered  a  premium  of  twenty  thousand  crowns  for  the 
best  invention  of  stopping  the  progress  of  fires;  upon  which  NL  Fuches,  a 
German  chemist,  introduced  an  apparatus  of  the  same  kind.  Similar  de- 
vices have  been  brought  forward  in  more  recent  days ;  but  after  making 
a  noise  for  a  time,  they  have  passed  into  oblivion.  (See  London  Maga- 
Bino  for  1760  and  1761.) 

Among  the  devices  of  modem  times  for  securing  buildings  from  fire,  may 
be  mentioned  the  plan  of  Dr.  Hales,  of  covering  the  floors  with  a  layer 
of  earth ;  and  that  adopted  by  Harley  in  1775,  of  nailing  over  joists,  floors, 
stairs,  partitions,  &c.  sheet  iron  or  tin  plate.     To  increase  the  effect  of 
fire-engines,  the  author  of  this  work  devised  in  1817,  and  put  in  practice 
at  Paterson,  New  Jersey',  in  1320,  the  plan  of  fixing  perforated  copper 
pipes  over  or  along  the  ceilings  of  each  floor  of  a  factory  or  other  build 
ings,  and  connecting  them  with  others  on  the  outside,  or  at  a  short  dis 
tance  from  the  walls,  so  that  the  hose  of  a  fire-engine  could  be  rea 
dily  united  by  screws ;  but  the  plan  had  been  previously  developed  by  Sir 
W.  Congreve.     It  has  recently  been  brought  before  the  public  as  a  neM' 
invention. 

Of  the  numerous  Fire  Escapes  that  have  been  brought  forward  in  modem 
times,  the  greater  part  are  such  as  were  employed  by  th«*  ancients  to  scale 
Wfuls  and  to  enter  fortresses,  &c.  in  times  of  war.     It    9  indeed  obvious 
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d:at  the  same  devices  by  which  persons  entered  buildings,  would  also  an- 
swer the  purpose  of  escaping  from  them  :  and  as  the  utmost  ingenuity  or 
the  ancients  was  exercised  in  devising  means  to  accomplish  the  one,  it  wa4 
exceedingly  natural  that  modern  inventors  should  hit  upon  similar  contri- 
vances to  effect  the  other.  In  the  cuts  to  the  old  German  translation  of 
Vegetius,  to  which  we  have  so  often  referred,  there  are  ladders  of  rope 
and  leather,  in  great  variety,  with  hooks  at  the  ends  which  when  thrown 
by  hand  or  an  engine,  were  designed  to  catch  hold  of  the  corners  and  tops 
of  the  walls  or  windows — folding  ladders  of  wood  and  metal,  some  co:i- 
sistin^  of  numerous  pieces  screwed  into  each  other  by  the  person  ascend- 
ing, till  he  reached  the  required  elevation ;  others  with  rollers  at  their 
apper  ends  to  facilitate  their  elevation  by  rearing  them  against  the  front 
of  the  walls — baskets  or  chests  containing  several  persons  raised  perpen- 
dicularly on  a  movable  frame  by  means  of  a  screw  below,  that  pushed 
out  several  hollow  frames  or  tubes  contained  within  each  other,  like  those 
of  a  telescope,  whose  united  length  reached  to  the  top  of  the  place  at- 
tacked— sometimes  the  men  were  elevated  in  a  basket  suspended  at 
the  long  end  of  a  lever  or  swape.  Several  combinations  of  the  lazy  tongas, 
rr  jointed  parallel  bars  are  also  figured — one  of  these  moved  on  a  car- 
riage raised  a  lar^e  box  containing  soldiers,  and  is  identical  with  a  fire 
escape  described  m  volume  xxxi  of  the  Transactions  of  the  London  So- 
ciety of  Arts. 

Anciently  the  authors  of  accidental  fires  were  punished  in  proportion 
to  the  degree  of  negligence  that  occasioned  them ;  and  they  were  com- 
pelled to  repair  to  the  extent  of  their  means,  the  damage  done  to  their 
neighbors.  A  law  of  this  kind  was  instituted  by  Moses,  probably  in 
imitation  of  a  similar  one  in  force  among  the  Egyptians.  Other  preven- 
tive measures  consisted  in  the  establishment  of  watchmen,  whose  duty  it 
w^as  to  arrest  thieve?  and  incendiaries,  and  to  give  alarm  in  case  of  nre. 
From  the  earliest  days,  those  who  designedly  fired  buildings  were  put  to 
death.  A  very  ancient  custom  which  related  to  the  prevention  of  fires, 
IS  still  partially  kept  up  in  Europe,  although  the  design  of  its  institution 
is  almost  forgotten,  viz  :  the  ringing  of  town  bells  about  eight  o'clock  in 
the  evening,  as  a  signal  for  the  inhabitants  to  put  out  their  lights,  rake 
together  the  fire  on  their  hearths,  and  cover  it  with  an  instrument  named 
a  curfew  ;  a  corruption  of  couvrejeu,  and  hence  the  evening  peal  became 
known  as  '*  the  curfew  bell.**  It  has  been  supposed  that  the  custom  origi- 
nated with  William  the  Conqueror,  but  it  prevailed  over  Europe  long  be- 
fore his  time,  and  was  a  very  beneficial  one,  not  only  in  constantly  remind- 
ing the  people  to  guard  agamst  fire,  but  indicating  to  them  the  usual  time 
of  retiring  to  rest ;  for  neither  clocks  nor  watches  were  then  known,  and 
in  the  absence  of  the  sun  they  had  no  device  for  measuring  time.  Alfred 
the  Great,  who  measured  time  by  candles,*  ordered  the  inhabitants  cf 
Oxford  to  cover  their  fires  on  the  ringing  of  the  bell  at  carfax  every  night. 
The  instrument  was  made  of  iron  or  copper.  Its  general  form  may  be 
understood  by  supposing  a  common  cauldron  turned  upside  down  and 
divided  "oerpenuicularly  through  the  centre;  one  half  being  furnished  with 
a  handle  riveted  to  it  would  be  a  couvre  feu.  When  used  it  was  placed 
over  the  ashes  with  the  open  side  close  to  the  back  of  the  hearth.  (See 
Diet.  Trevoux:  Hone's  Every  Day  Book,  vol.  i.  243,  and  Shakespeare's 
Romeo  and  Juliet,  Act  iv,  scene  4. ) 

In  the  thirteenth  year  of  Edward  I.  (A.  D.  1285,)  an  act  was  passed 

*  Id  Shakc^peare^a  play  of  Riclmrd  III.  act  v.  scene  3,  tliere  is  a  reference  under  Ihe 
name  ofa  tvatch  to  these  candles.  They  were  marked  in  sections,  eacii  ol* which  wa«  a  clt- 
liio  time  in  burning,  and  thus  measured  the  hours  during  the  night  or  cloudy  weatlier. 
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against  mcendianes,  and  night  watchmen  were  ordered  to  be  appointed 
ill  every  town  and  city.  In  1429  another  act  declared,  "  If  any  threater 
hy  casting  bills  to  burn  a  house,  if  ifwney  he  not  laid  in  a  certain  plxice, 
and  after  do  bum  the  house,  such  burning  shall  be  adjudged  high  trea- 
son." Beckman  says  that  regulations  respecting  fires  were  instituted  in 
Frankfort  in  1460.  In  1468  straw  thatch  was  forbidden,  and  in  1474 
shingle  roofs  were  prohibited.  The  first  general  order  respecting  fires  in 
Saxony  are  dated  1531,  those  for  Dresden  in  1529,  and  there  is  one  res- 
pecting buildings  in  Augsburg,  dated  1447.  The  following  preamble  to  an 
act  passed  in  the  37th  year  of  Henry  VIII.  by  which  those  found  guilty  of 
the  crimes  enumerated,  were  to  suffer  "  the  pains  of  death,"  is  interesting  in 
more  respects  than  one.  "  Whoie  divers  and  sundry  malicious  and  envi- 
ous persons,  being  men  of  evil  f^erverse  dispositions,  and  seduced  by  the 
instigation  of  the  devil,  and  minding  the  hurt,  undoing  and  impoverish- 
ment of  divers  of  the  kings  true  and  faithful  subjects,  as  enemies  to  t)ie 
commonwealth  of  this  realm,  and  as  no  true  and  obedient  subjects  untc 
the  kings  majesty,  of  their  maliciouc  and  wicked  minds,  have  of  late  in 
vented  and  practised  a  new  damnable  kind  of  vice,  displeasure  and 
damnifying  of  the  kings  true  su^rjects  and  the  commonwealth  of  this 
realm,  as  in  secret  burning  of  frames  of  timber,  prepared  and  made  by  the 
owners  thereof,  ready  to  be  set  up  and  edified  for  houses  :  cutting  out  of 
heads  and  dams  of  pools,  motes,  stews  and  several  waters  :  cutting  of 
conduit-heads,  or  conduit- pi  pes  :  burning  of  wains  and  carts  load  en  with 
coals  or  other  goods  :  burning  of  heaps  of  wood,  cut,  felled  and  prepared 
for  making  coals  :  cutting  out  of  beasts  tongues  :  cutting  off  the  ears  of 
the  kings  subjects  :  barking  of  apple  trees,  pear  trees,  and  other  fruit 
trees;  and  divers  other  like  kinds  of  miserable  offences,  to  the  great  dis- 
pleasure of  Almighty  God  and  of  the  kings  majesty,"  &:c.  (Statutes  at 
large.) 

The  crime  of  arson  was  rife  in  old  Rome,  and  it  is  singular  that  the 
mode  of  punishing  those  found  guilty  of  it,  is  among  the  numerous  ancient 
customs  that  have  been  retained  by  Roman  Catholics  in  their  religious 
institutions.  The  tunira  inolesta  of  the  Romans  was  a  garment  made  of 
paper,  flax,  or  tow,  and  smeared  with  pitch,  bitumen  or  wax,  in  which 
incendiaries  were  burnt ;  and  hence  arose  the  peculiar  dress  worn  by  the 
victims  in  those  horrible,  those  demoniacal  "  Acts  of  faith  !"  the  Au(4}  da 
Fe,  of  Italian,  Spanish,  and  Portuguese  inquisitions,  (to  which  the  scenen 
in  ^mithfield  and  other  parts  of  England  may  be  added,)  acts,  in  which 
the  order  of  justice  was  completely  reversed^the  sufferers  being  the  inno- 
cents,, and  the  court  and  judges  the  real  criminala. 
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pRCMOKi  BNomBt:  Of  limited  AppIicatioD-^Are  aKK*'flcatioDS  of  gaining  and  losing  buekati  Uii 
|»«aip»-*Two  liinc's  of  preaiure  onginM—Pitton  prcMure  engine  dencribed  by  Fludd — PreMore  engine 
from  Relidor — Another  by  We*tgartli— Motive  preHure  engines— Theie  exhibit  aaorel  mode  of  employ  • 
inr  water  aa  a  motire  agent — Variety  of  applications  of  a  ->itto3  and  cylinder^-Cauae*  of  the  ancienta 
being  ignorant  of  the  steam  engine — Secret  of  making  iinprorements  in  the  arts— Fulton,  Eli  Wliitney 
ami  Arkwright— 'Pressure  engines  might  have  been  anticipated,  and  ralnable  lessons  in  Science  may  be 
derived  fh>m  a  disordered  pum|v— Archimedes — Heron^  Fountain—Portable  ones  recnmroended  •x 
Flower  Gardens  and  Drawing-rooms,  in  hot  weather—Their  invention  gave  rise  to  a  new  class  of  hydrati 
He  engines — ^Pressure  engine  at  Chemnita— Another  modification  of  Heron's  fountain— Spiral  pump 
ofWIrtx. 

Pr£Ssi7re  engines,  named  by  the  r7rench  Machines  d  colonne  d*eau^ 
form  an  interesting  variety  of  hydraulic  devices  belonging  to  the  present 
division  of  the  subject.  They  consist  of  working  cylinders  with  valves 
and  pistons,  and  resemble  forcing  pumps  in  their  construction,  but  differ 
from  them  in  their  operation ;  the  pistons  not  being  moved  by  any  exter- 
nal force  applied  to  them  through  cranks,  levers,  &c.  but  by  the  weight 
or  pressure  of  a  column  of  water  acting  directly  upon  or  against  them. 
Pressure  engines  are  not  very  common,  because  they  are  only  appli- 
cable to  particular  locations — such  as  afford  a  suitable  supply  of  water  for 
the  motive  column ;  but  wherever  refuse,  impure,  salt  or  other  water  can 
be  obtained  from  a  sufHcient  elevation,  such  water  may  be  used  to  raise  « 
quantity  of  fresh  by  these  machines. 

In  some  forms  pressure  engines  appear  rather  complicated,  but  when 
analyzed,  the  principle  of  their  action  and  mode  of  operation  will  be  found 
extremely  simple  : — If  two  buckets,  partly  filled  with  water,  be  suspend 
ed  and  balanced  at  the  ends  of  a  scale  beam,  and  a  stream  be  directed  into 
one  of  them,  that  one  will  preponderate,  and  consequently  the  other  with 
its  contents  will  be  raised,  and  to  a  ncight  equal  to  the  descent  of  the 
former;  but  when  it  is  required  to  raise  water  m  this  manner  to  an  eleva- 
tion that  exceeds  the  dii^tance  through  which  the  descending  vessel  can 
&I1 ;  then  the  capacity  of  the  latter  is  enlarged,  and  it  is  suspended  nearer 
to  the  fulcrum  or  centre  on  which  the  beam  turns,  as  in  the  gaining  and 
losing  bucket,  page  G6 : — It  is  virtually  the  same  principle  that  is  em- 
ployed in  pressure  engines ;  the  difference  is  principally  in  the  manner  o< 
performing  the  operation.  Instead  of  vessels  suspended  as  above,  two 
solid  pistons,  moving  in  cylinders,  are  attached  by  rods  or  chains  to  the 
ends  of  a  beam,  or  to  the  ends  of  a  cord  passed  over  a  pulley,  so  that  the 
pressure  of  a  longer  or  heavier  column  of  water  resting  upon  one  piston 
forces  it  down,  and  thereby  raises  the  other  and  with  it  the  lighter  or 
shorter  column  reposing  upon  it 

^y  referring  to  the  16th  illustration  on  page  64,  it  will  be  apparent  that 
if  a  cylinder  extended  from  B  to  the  top  of  the  cistern  Z,  and  a  hoPow 
piston  like  the  upper  box  of  an  atmospheric  pump  fitted  to  work  '  *  it 
were  substitutea  for  the  bucket  B,  the  effect  produced  would  be  mn*jh 
the  same  as  with  the  two  buckets,  for  the  same  quantity  of  water  could  oe 
•^sed  through  the  cylinder  into  the  cistern  Z,  if  allowance  were  mpil**  fi^f 
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an  increase  of  friction  in  t]ie  passage  of  the  piston.'  And  if  another  cylin- 
der extended  from  F  to  the  bottom  of  the  pit  at  O,  and  a  solid  piston  fit- 
ted to  it  were  used  instead  of  the  bucket  A,  with  a  contrivance  at  the  bot- 
tom to  allow  the  water  to  escape  ;  the  apparatus  would  then  be  a  pres- 
sure engine,  although  the  principle  of  the  motive  part  of  it  would  not  have 
been  essentially  changed.  The  cylinders  in  this  example  would  perform 
the  part  of  the  buckets  A  B ;  they  might  be  considered  as  permanent  or 
fixed,  and  very  long  buckets  with  movable  bottoms,  i.  e.  the  jnstons,  which 
by  ascending  and  descending  in  them  received  and  discharged  their  con- 
tents. And  as  with  the  buckets  A  and  B,  the  quantity  of  water  expended 
from  the  motive  or  descending  column  would  be  proportionate  to  the  di- 
mensions of  the  other  and  tlie  elevation  to  which  it  was  raised.  Pressure 
engines  ma^  therefore  be  considered  as  a  peculiar  modification  of  the 
gaining  and  losing  bucket  machines,  and  as  a  combination  of  these  with 
atmospheric  and  forcing  pumps.  They  admit  of  various  forms  according 
to  the  location  in  which  they  are  used  hr.d  the  objects  to  be  accomplished 
by  them.  As  liquids  press  ecjually  in  a'l  directions,  the  cylinders  may  be 
placed  in  any  position — horizontal,  inclined,  or  vertical.  Sometimes  a 
pressure  engine  consists  of  a  single  cylinder  with  its  appropriate  pipes  ana 
valves  like  a  double  acting  pump.  The  water  to  be  raised  enters  at  one 
side  of  the  piston,  and  the  motive  column  at  the  other ;  but  more  com 
monly  a  distinct  cylinder  and  piston  receives  the  impulse  of  the  motive 
column,  and  in  order  to  transmit  it  to  the  other,  the  two  pistons  are  some 
times  connected  to  the  same  rod  as  in  No.  161 — at  other  times  to  opp/)- 
site  ends  of  a  vibrating  beam  as  in  No.  162 — so  that  while  one  cylinder 
and  its  apparatus  act  as  a  pump  to  raise  water,  the  other  is  exclusively 
employed  to  work  it.  In  this  respect  pressure  engines  may  be  considered 
rather  as  devices  for  communicating  motion  to  machines  proper  for  raising 
water,  than  as  the  latter,  and  they  are  sometimes  used  as  propellers  of 
other  machines,  but  in  whatever  light  they  may  be  viewed,  they  are  too 
interesting  to  be  omitted. 

There  are  two  kinds  of  pressure  engines,  but  they  differ  from  each 
other  only  in  that  part  which  receirves  the  impulse  of  the  motive  column 
and  transmits  it  to  the  other.  In  one,  a  solid  body  (a  piston)  is  used  for 
that  purpose — in  the  other,  a  volume  of  air;  but  whils  a  slight  variation  is 
thus  caused  in  the  two  machines,  the  essential  features,  as  well  as  the 
moving  principle  of  both  remains  the  same.  Piston  pressure  engines  are 
said  to  have  been  invented  in  the  18th  century  by  M,  Hoell,  a  German  en- 
gineer.** It  is  more  probable  that  he  improved  them  only,  for  they  cer- 
tainly were  known  much  earlier :  still  it  may  be  that  he  was  ignorant  of 
their  previous  use,  and  was  led  to  their  reinvention  by  his  efforts  to  raise 
water  from  the  Hungarian  mines,  in  which  he  erected  several  pressurt. 
machines  on  the  principle  of  Heron's  fountain :  the  transition  from  these 
to  tlie  other  was  easy  and  natural,  and  may  have  resulted  from  his  eniea 
vours  to  avoid  a  defect  to  which  the  former  are  subject,  viz  :  the  absorp- 
tion of  the  air  by  the  water.  About  A.  I).  1739,  an  improved  form  of 
pressure  engines  was  devised,  and  introduced  into  some  mines  in  Franco 
by  Belidor,  which  he  has  described  in  his  Architecture  Hydraulique.  S'^me 
writers  have  considered  him  the  author  of  piston  pressure  engines,  but 

*  Pumpfl  in  certain  locations  are  i^oinetimes  worked  in  that  manner  :  the  pistons  or 
rodd  being  loaded  with  weights  sufficient  to  depress  thein,  are  raised  by  a  bucket  of 
water  suspended  at  the  opposite  end  of  the  beam,  which  when  it  reaches  the  bottom  its 
eonte4its  are  discharged,  like  the  bucket  A  in  No.  16,  D  in  No.  17.  or  G  in  No.  102. 

i*  "Machine  &  colonne  d'eau.  German:  Wasser  Saulene.  Machine;  invcnt^e  par 
M.  Hoell,  premier  Machiniste  d'L'ImpC'ratrice."  Arts  el  Metiercs.  L*Art  d'cxpjoiioi 
l.es  MiuAct.     Folio  ed.,  Paris  1779.  page  lAA'A.    Quarto  ed.  torn,  tviii,  p.  131. 
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the  lionor  of  first  inventing  them  is  not,  in  fact,  due  to  either  Bolidor  c; 
Hoell,  as  the  following  figure.  No.  160,  from  a.  work  published  a  century 
bpfore  tiither  of  those  engineers  flourished,  will  show.  It  is  from  Fludd't 
Ntttnra  Mtmia  tett  technica  marrocosmi.  4G7.  The  character  of  this  author 
as  an  astrologer  and  alchymiac,  and  that  of  his  works,  which  abound  with 
absurdiricB,  have  probablv  caused  the  figure  to  be  overlooked  by  modem 
writers  on  hydraulic  and  hydrostfltic  apparatus.  Chemistry,  however,  i* 
not  the  only  science  that  is  indebted  to  the  shrewd  but  mistaken  seekers 
of  universal  panaceas  and  of  the  pinlosonher's  stone. 

The  lower  end  of  tlie  pipe  B  D  having  a  valve  opening  upwards,  is 
insur:etl  into  the  water  to  be  raised.     Tbo  pipe  A  receives  the  desceiid- 
jtig  w  motive  liquid  coii^mn,  which  'n  tbis  case  was  refuse  or  stagnant 
water,  flowing  from  a  source  of 
sufficient   altitude.      This   pipe 
'  may  be  at  a  considerable  dis- 
tance from  B  D,  and  is  so  repre- 
sentcd  in  the  original  figure.    It 
terminates  below  in  a  pit,  drain, 
or  low  ground,  whence  the  wa- 
ter discharged  fifim  it  may  es- 
cape.     The  end  of  it  sliould  b« 
lower  than  that  of  D,  and  should 
be  sealed  or  covered  by  water 
as  represented,  to  prevent  the 

lion  is  made  between  both  tbeso 
pipes  by  the  horizontal  one  C. 
This  last  is  connected  to  A  at 
one  of  the  apertures  of  a  three- 
way  cock,  the  upper  and  lower 
part   [if  A  being  united   to  the 
other  two.     The  other  end  of  C 
terminates  at  the  bottom  of  a 
workingcylindcr,  which  isclosed 
at  the  lop,  by  a  short  tube  cnm- 
municuling  with  B  D,  immediate- 
ly below  a  valve  placed  in  th© 
latter,    In  the  cylinder,  a  piston 
(indicated   by  Uie   dotted   lines} 
is  fitted.     It  is  dcscrilicd  as  a 
wooden  plug  covered  witii  lea- 
ther and  luudcd   with  lead,  sti 
as  to  make  it  descend  in  the  cy- 
No.  I*   Pnnn  Bnf iu)  frmii  nita.*.   A.a.ieia      Under  by  its  weight. 
To  put  this  machine  in  operation,  the  cylinder  and  pipe  D  are  first  filled 
«^tll  water  through   the  fm...  il  and  small  cock,  after  which   the  latter  is 
closed.     The  pbig  of  the  thrie-way  cock  is  then  so  arranged,  that  its  two 
or.fices  coincide   only  with   the    u/t/icr  pari   of  A,  and  wilh  C,  when   the 
pressure  of  the  column  in  A  will  force   up  the  pistnn,  and  with  it  all  the 
water   previously   in   the  cylinder,    which   is  thus   compelled   to   ascend 
through  the  up|>or  valve  inio   the  disHiarging  pipe  B.     When   this   has 
taken    place,  the  vessel  G.  snsjier.ded  nt  one  end  of  the  rod    tlial   posses 
througli  f.'ie  shank  of  the  plug,  lias  Ijecome  filled  wilh  water,  from  the  small 
jel   issuing  from  A,  and  descending,  ^/kdm  tfte  plvg  of  the  cock,  so  as  to 
«IoM  the  conir  inication  of  the  upprer^rt  of  A  wkli  C,  and  open  it  !>•• 
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iween  C  and  the  lower  port  of  A,  upon  which  the  piBton  descends  in  the 
cylinder  a.nd  the  foul  water  in  C  escapes  through  the  lower  end  of  A  and 
runs  to  waste.  By  the  time  the  piston  reaches  the  iiottom  of  the  cylinder, 
the  latter  Is  refilled  with  water  by  the  pressure  of  the  atmosphere,  as  in  a 
common  pump  ;  and  the  contents  of  G  have  escaped  through  an  orifice 
in  its  bottom,  which  is  closed  by  a  valvi! — this  valve  beino;  opened  by 
a  projecting  pin  upon  which  the  vessel  descended,  as  shown  m  the  figure. 
As  soon  as  G  is  emptied,  the  weight  on  the  opposite  end  of  the  rod  prepon- 
deralL's,  and  turns  the  plug  of  the  cock  into  its  former  poailion  ;  and  thui 
the  piay  of  the  machine  is  continued  without  intermiHsion,  The  operation 
of  filling  tlie  cylinder  through  the  funnel,  is  required  only  at  the  first,  like 
the  priming  ol  a  new  pump. 

The  oi-igin  iif  this  machine  is  uncertain.  It  does  not  appear  to  have 
been  invented  by  Pludd  himself,  but  is  inserted  among  others,  which  he 
copied  froTH  older  authors  ;  and  such  as  he  examined  abroad.  As  he  tra- 
veled in  Germany  and  has  described  some  of  the  hydraulic  machinei 
used  in  the  mines  there,  (see  one  figured  on  page  319,]  it  is  probable  that 
he  derived  ti  knowledge  of  it  in  that  country.  It  possesses  considerable 
interest — it  k  telf  arting,  and  that  by  a  very  simple  device — it  shows  an  old 
application  of  the  three-way  cock — it  exhibits  the  application  of  refuse  or 
putrid  water,  to  raise  fresh,  and  in  a  way  somewhat  similar  to  one  re- 
cently proposed — and  it  is  the  oldest  piston  pressure  engine  known. 

The  next  figure  from  Belidor,  shows  a  great  improvement  on  the  last, 
oo  much  so,  that  in  some  respects  it  may  be  considered  a  new  machine. 
A,  conveys   the    descending 
column  from  its  source  to  the 
three-way  cock  F;  to  one  of 
the  openings  of  which  it  is 
united.     This   cock   is  con- 
nected, at  another  opening, 
to  the  horizontal  cylinder  C, 
whose    axis    coincides    with 
that  of  a  smaller  one  D.  Both 
cylinders    are    of  th<>    same 
length ;  and  their  pistons  are 
I  attached  to  a  common  rud,  as 
represented.  Two  valves  are 
I  placed  in  the  ascending  jiipe 
B— one     below^,     the    other 
K&  in.  Pr*iHr«  EBflM  froa  BeUdor.  A.  D.  ra>.  above   its  junction    with    the 

"nder  D.     The  horizontal 


pipe  H  connects  B  and  D  with  the  third  opening  of  the  cock.  By  turning 
the  plug  of  this  cock,  a  communication  is  opened  alternately  between  each 
cylinder  and  the  water  in  A.  Thua  when  the  water  rushes  into  C,  it 
drives  the  piston  before  it  to  the  extremilv  of  the  cylinder,  ard  conse- 
quently the  water  that  was  previously  in  D  is  forced  up  the  ascending 
pipe  B  ;  then  the  communication  between  A  and  C  is  cut  off.  (by  tuni- 
ing  the  cock)  and  that  between  A  and  D  is  opened,  when  the  pistons 
are  moved  back  towards  F  by  the  pressure  of  the  column  against  the 
smaller  piston — the  water  previously  in  C  escajiing  through  an  openine 
shown  in  front  of  the  cock  and  runs  to  «'aste,  while  that  which  enters  D 
rily  forced  up  B  at  the  next  stroke  of  the  pistons.  The  cock 
pencd  and  closed  by  levers,  connected  to  the  middle  of  the  piston 
lid  waa  thus  worked  by  the  machine  "tsclf  'ly  the  air  chaiobfiri 
schar(t«  from  B  is  rendered  continuous. 
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Suppose  the  water  in  A  has  a  perpendicular  fall  of  thirty- fvjur  or  thirty- 
five  feet,  and  it  were  required  to  raise  a  portion  of  it  to  an  elevation  of 
seventy  feet  above  F ;  it  will  be  apparent  that  if  both  pistons  were  of 
the  same  diameter,  such  an  object  could  not  be  accomplished  by  this  ma- 
chine— for  both  cylinders  would  virtually  be  but  one — and  so  would  the 
pistons ;  and  the  pressure  of  the  column  on  both  sides  of  the  latter  would 
be  equal.  A  column  of  water  thirty-five  feet  higfh  presses  on  the  base  that 
sustains  it  with  a  force  of  151bs.  on  every  superficial  mch ;  and  one  of 
seventy  feet  high,  with  a  force  of  SOlbs.  on  every  inch — hence  without  re 
garding  the  friction  to  be  overcome,  which  arises  from  the  rubbing  of  the 
pistons ;  from  the  passage  of  the  water  through  the  pipes :  and  from  the  ne- 
cessary apparatus  to  render  the  machine  self-acting — it  is  obvious  in  the  case 
supposed  that  the  area  of  the  piston  in  G  must  be  more  than  double  that 
in  D,  or  ro  water  could  be  discharged  throueh  B.  Thus  m  all  cases,  the 
relative  proportion  between  the  area  of  the  pistons,  or  diameter  of  the  cy- 
linders, must  be  determined  by  the  difference  between  the  perpendicular 
height  of  the  two  columns.  When  the  descending  one  passes  through  a 
perpendicular  space,  greatly  exceeding  that  of  the  ascending  one,  then 
the  cylinder  of  the  latter  may  be  larger  than  that  of  the  former :  a  smaller 
quantity  of  water  in  this  case  raising  a  larger  one  :  it,  however,  descends 
like  a  small  weight  at  the  long  end  of  a  lever,  through  a  greater  space. 

In  1769  the  London  Society  of  Arts,  awarded  lo  Mr.  W estgarth  a  pre- 
mium of  fifty  guineas,  for  his  invention  of  a  pressure  engine.  It  is  des- 
cribed by  the  celebrated  Smeaton,  in  vol.  v,  of  their  Transactions,  as  "one 
of  the  greatest  strokes  of  art  in  the  hydraulic  way,  that  has  appeared  since 
the  invention  of  the  fire  [steam]  engine."  Several  were  erected  by 
Mr.  W.  in  1765,  to  raise  water  from  lead  mines  in  the  north  of  Eng- 
land. They  were  simple  in  their  construction,  and  somewhat  resembled 
the  engines  of  Newcomen.  They  differed  from  those  of  Belidor  in  the 
position  of  the  cylinder ;  the  introduction  of  a  beam ;  the  substitution  of 
cylindrical  valves  in  the  olace  of  cocks  ;  and  using  the  motive  column  to 
move  the  piston  in  one  direction  only.  The  cylinder  of  Westgarth's  en- 
gine was  placed  in  a  vertical  position,  the  piston  rod  of  which  was  sus 
pended  by  a  chain  from  the  arched  end  of  a  "  walking"  or  vibrating  beam ; 
while  the  other  end  of  the  latter,  projected  over  the  mouth  of  the  mine  or 
pit,  and  was  connected  (by  a  chain)  to  the  rod  of  an  atmospheric  jmmp 
placed  in  the  pit.  This  rod  was  loaded  as  in  Newcomen's  engine,  so  as 
to  descend  by  its  weight  and  thereby  raise  the  piston  of  tlie  pressure  en- 
gine when  the  column  of  water  was  not  acting  on  the  latter.  Thus,  when 
the  motive  column  of  water  was  admitted  into  the  cylinder,  the  piston 
was  depressed,  and  the  end  of  the  beam  also,  to  which  it  was  connected  ; 
consequently  the  pump  rod  and  its  sucker  were  raised,  and  with  them 
water  from  the  mine.  Then  as  soon  as  the  piston  reached  the  bottom  of 
he  cylinder,  the  motive  column  was  cut  off,  by  closing  a  valve  ;  and  a 
passage  made  for  the  escape  of  that  within  the  cylinder,  by  opening 
another — upon  which  the  loaded  pump  rod  again  preponderated — the 
valve  to  admit  the  column  on  the  piston  of  the  pressure  engine  was  again 
opened,  and  the  operation  repeated  as  before. 

In  another  form  these  machines  have  been  adopted,  m  favorable  loca- 
tions, as  first  movers  of  machinery,  and  when  thus  used,  they  exhibit  a 
very  striking  resemblance  to  high  pressure  steam-engines.  Indeed,  the 
elemental  features  of  steam  and  pressure  en^nes  are  the  same,  and  the 
modes  of  employing  the  motive  agents  in  both  are  identical — ^it  is  the  dif- 
ferent properties  of  the  agents  that  induces  a  slight  variation  in  the  ma- 
chines—one being  an  elastic  fluid,  the  other  a  non-elastic  liquid.  In  steam- 
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engiiioB  n  ]iision  is  alterr.fttely  pushed  up  and  down  in  its  cylinder  bv 
Bream  ;  and  by  means  of  the  rod  to  whioli  the  piston  is  secured,  motion  ia 
ronimmiicnted  to  a  crank  and  fly-wheel,  and  through  these  to  the  mnchi- 
nery  to  be  propelled  :  it  is  the  same  with  pressui-e  engines  when  used  to 
move  other  machines,  except  that  instead  of  the  elastic  vapor  of  waier,  a 
column  of  that  liquid  drives  the  pistons  to  and  fro,  113  will  be  perceived 
bv  an  examination  of  the  following  figure. 


H».UL    llmln  PraHn  Eofin. 

E  representE  the  lower  part  of  the  pipe  which  conveys  the  water  doii  >i 
from  its  source  into  the  air  chamber  C,  from  the  lower  part  of  which  it 
passes  through  a  short  tube  and  stop  cock  into  the  valve  -ase,  or  "sidii 
pipe"  D.     This  pipe  is  parallel  with  the  working  cylinder  of  the  engine 

A,  and  rather  longer  :  it  communicates  with  A  through  two  passages  for 
the  admission  of  the  water  to  act  upon  both  sides  of  the  piston.  The  ends 
of  D  are  closed  by  stufling  boxes,  through  which  a  rod  in  the  direction  of 
its  axis  is  made  to  slide,  and  upon  this  rod  are  secured  two  plugs,  shown 
in  the  cut,  that  fill  the  interior  of  the  pipe  like  pistons  and  as  the  rod  is 
raised  or  lowered,  alternaiely  open  and  close  the  pasBMges  intr  the  cylin- 
der. Suppose  the  poaiiion  of  the  various  parts  of  the  engine  as  indicated 
in  the  figure,  and  the  stop-cock  in  the  short  tube  timt  connects  the  "  side 
pipe"  to  the  air  vessel  be  opened,  the  water  would  then  rush  into  the 
•ipper  part  of  the  cylinder  A,  as  shown  by  the  arrows,  and  by  its  statical 
pressure  force  down  the  piston;  while  any  water  previously  below  the 
piston  would  escape  through  tho  lower  passage  into  the  side  pipe  (be- 
neath the  plug)  and  run  off  to  waste  through  the  tube  B,  marked  by  dot- 
ted lines,  and  the  circular  orifices  of  which  are  also  figured.  When  the 
piston  has  reached  the  bottom  of  ihe  cylinder,  the  rod  to  which  the  plugs 
are  attached  is  drawn  down,  so  as  to  close  the  upper  passage  ar.d  open 
the  lower  one,  upon  which  the  water  enters  through  thi  latter  and 
drives  up  the  piston  as  before,  the  previous  contents  of  the  cyiir.der  being 
fi-rced  through  the  circular  orifice  in  the  upper  part  of  the  side  pipe  into 

B.  In  this  manner  the  operation  is  continued  and  motion  imparted  to  the 
beam,  crank  and  fly-wheel.    The  apparatus  for  moving  the  rod  that  opens 
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and  closes  the  passages  into  the  cylinder  is  analogous  to  that  of  steam  en- 
gines, being  effected  by  an  eccentric  on  the  crank  shaft.  It  is  omitted 
in  the  cut,  that  the  essential  features  of  the  machine  might  appear  mora 
conspicuous. 

It  is  obvious  that  engines  of  this  kind  may  be  employed  to  impart  mo- 
tion to  pumps  or  any  other  machinery.  The  intensity  of  the  force  trans- 
mitted by  them  depends  upon  the  perpendicular  height  of  the  motive 
column  and  the  area  of  the  piston.  The  use  of  the  air  vessel  is,  as  in  the 
hydraulic  ram  and  other  machines,  to  break  the  force  of  the  blow  or  con- 
cussion consequent  on  the  sudden  stoppage  of  the  descending  column  by 
closing  the  passages.  Wherever  the  waste  pipe  B  can  descend  thirty- 
five  or  thirty-six  feet,  the  engine  may  derive  an  additional  power  from  the 
vacuum  thus  kept  up  behind  the  piston,  as  in  low-pressure  steam-en o;ines. 
The  application  of  this  feature  to  pressure  engines  was  included  m  an 
English  patent  granted  to  John  Luddock  in  February  1799.  (Repertory 
of  Arts,  vol.  xi,  page  73.) 

The  invention  of  pressure  engines  brought  to  light  a  new  mode  of  em 
ploying  water  as  a  motive  agent ;  and  also  the  means  of  applying  it  in 
locations  where  it  could  not  otherwise  be  used.  When  water  moves  an 
under  or  overshot  wheel,  the  machinery  to  be  propelled  must  be  pl&ced 
in  the  immediate  vicinity — hence  saw,  grist,  and  fulling  mills,  &c.  are 
erected  where  the  falling  liquid  flows ;  and  when  steam  is  the  moving 
force,  the  engines  are  located  where  the  fluid  is  generated  ;  but  with  pres- 
sure engines  it  is  different,  for  the  motive  agent  may  be  taken  to  the  ma- 
chine iiself.  In  valleys  or  low  lands,  having  no  natural  fall  of  water,  but 
where  that  liquid  can  be  conveyed  in  tubes  from  a  sufficient  elevation,  (no 
matter  how  distant  the  source  may.  be,)  such  water,  by  these  machines, 
may  be  made  to  propel  others.  And  by  means  of  them  the  small  lakes 
often  found  on  mountains,  and  water  drawn  from  the  heads  of  falls  and 
rapids,  may  furnish  power  for  numerous  operations  in  neighboring  plains. 
When  cities  are  supplied  from  elevated  sources,  an  additional  revenue 
might  be  derived  from  the  force  with  which  the  liquid  issues  from  the 
tubes  :  the  occupant  of  a  house  into  which  a  lateral  pipe  from  the  mains 
is  conveyed,  might  connect  the  pipe  to  a  pressure  engine,  4nd  thereby 
impart  motion  to  lathes,  or  printing  presses ;  raise  and  lower  goods  on  dif- 
ferent stories ;  press  cotton,  paper,  books,  &c.  as  by  a  steam-engine.  But 
unlike  the  machine  just  named,  a  pressure  engine  is  inexpensive,  and  sim- 
ple in  its  construction — ^it  requires  neither  chimneys,  furnaces,  nor  loads 
of  fuel ;  neither  firemen  nor  engineers,  nor  is  there  any  danger  of  explo- 
sions. It  may  be  placed  in  the  corner  of  a  room,  or  be  concealed  under 
a  counter  or  a  table.  It  may  be  set  in  operation  in  a  moment,  by  opening 
a  cock,  and  the  instant  the  work  is  done,  it  may  be  stopped  by  shutting 
the  same,  and  thus  prevent  the  least  waste  of  power— and  when  the  work 
ii  accomplished,  the  water  can  oe  used  for  all  (ordinary  purposes  as  if  just 
drawn  from  the  mains,  for  the  engine  might  be  considered  as  merely  a 
continuation  of  the  lateral  tube. 

Pressure  engines  afford  another  illustration  of  the  variety  of  purposes 
to  which  a  piston  and  cylinder  may  be  applied.  These  were  probably  first 
used  in  piston  bellows ;  next  in  the  syringe ;  subsequently  in  pumps  of 
every  variety ;  and  then  in  pressure  and  steam-engines.  The  moving 
piston  is  the  nucleus  or  elemental  part  that  gives  efficiency  to  them  all;  and 
the  apparatus  that  surround  it  in  some  of  them,  are  but  its  appendages. 
To  what  extent  it  is  destined  to  be  employed  when  steam  becomes  super- 
seded by  other  fluid.^,  time  only  can  reveal ;  but  if  we  may  judge  of  the 
futuro  by  the  past,  this  simple  device  will  perform  greater  wonders  it  the 
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wcrld  thai,  it  has  yet  accomplished.     It  is  by  it  only  that  iht  energy  ol 
elastic  fluids  can  be  economically  employed. 

Those  ingenious  men  who  first  constructed  a  bellows,  a  syringe,  or  a 
pump,  little  thought  that  similar  implements  should  become  self-acting,  and 
even  be  motive  engines  to  drive  others.  What  weary  laborer  at  the 
pump  in  ancient  Greece  or  Rome,  ever  dreamt,  while  indulging  in  those 
reveries  that  the  mind  conjures  up  to  divert  attention  from  toil  or  pnin, 
that  a  machine  similar  to  the  one  upon  which  his  strength  was  expo  tided, 
should  be  devised  to  work  without  human  aid  : — and  that  a  modification 
of  it,  excited  by  the  vapor  of  a  boiling  cauldron,  should  exert  a  force 
compared  with  which  the  power  of  the  Titans  was  imjjotence — a  force 
that  should  drive  fleets  of  gallies  through  a  storm — hurl  missiles  like  the 
balistSB — propel  chariots  "  without  horses" — polish  a  mirror — forge  a 
hatchet,  a  tripod  or  a  vase — and  spin  thread  and  weave  it  into  veils,  fine 
as  those  worn  by  the  vestal  virgins — and  yet  should  never  fire  /  Could 
the  imaginations  of  the  depressed  plebeians  and  slaves  of  antiquity  have 
had  a  glimpse  of  such  a  machine,  and  had  they  been  informed  thut  it 
w^ould  in  some  future  time,  which  the  oracles  had  not  revealed,  be  gene- 
rally employed — how  vehemently  would  they  have  importuned  the  gods 
to  send  it  in  their  days  !  And  why  did  they  not  have  it  1  Because  the 
iisefjd  arts  were  neglected  and  their  professors  despised — while  those 
professions  the  most  destructive  of  human  felicity  were  cultivated.  War 
was  accounted  honorable,  and  hence  nations  were  incessantly  engaged  in 
conflicts  with  each  other— a  military  spirit  pervaded  the  minds  of  the 
people,  and  it  rewarded  them  by  soaking  every  land  with  their  blood. 

The  history  of  machines  composed  of  pistons  and  cylinders  also  illus- 
trates the  process  by  which  some  simple  inventions  have  become  applied 
to  purposes,  foreign  to  those  for  which  they  were  originally  designed — 
each  application  opening  the  way  for  a  different  one.  In  this  manner  de- 
vices apparently  insignificant  have  eventually  become  of  the  utmost  value 
and  it  is  probable  that  there  is  no  mechanical  combination  or  device,  how- 
ever useless  it  may  now  appear,  but  which  will  be  thus  brought  into  play 
These  machines  also  teach  us  how  new  discoveries  are  made  in  the  arts, 
viz  :  by  ohserving  common  resuUsy  and  applying  the  principles  or  processes 
by  which  they  are  induced,  to  other  objects  or  designs.  Every  mechani- 
cal movement  and  manufacture — an  unsuccessful  experiment— defects  or 
derangements  of  ordinary  machines,  &:c.  are  all  practical  demonstrations 
that  indicate  the  means  to  produce  analogous  effects,  or  to  avoid  them. 
Fulton  employed  steam-engines  to  turn  paddle  wheels — Eli  Whitney 
adopted  circular  saws  as  cotton  gins ;  and  both  became  benefactors  ot 
thfir  country — a  poor  barber  in  England,  after  exercising  his  ingenuity 
on  the  perpetual  motion,  applied  some  of  his  devices  to  cotton  spinning, 
and  not  only  became  one  of  the  most  opulent  of  manufacturers,  but  secured 
a  j>lace  in  the  biography  of  eminently  useful  men. 

Nearly  all  modern  improvements  and  inventions  have  been  brought 
about  in  a  somewhat  similar  manner,  and  there  are  few  but  what  might 
have  been  anticipated  by  attention  to  e very-day  facts.  Suppose  pressure 
engines  had  not  yet  been  known  :  they  might  bo  developed  by  reflecting 
on  a  very  common  circumstance  connected  with  ordinary  pumps.  Wheji 
>ne  of  these  no  longer  retains  water  in  the  cylinder  and  trunk,  it  is  neces- 
sa'-y  to  prime  it,  by  pouring  in  a  quantity  sufficient  to  fill  the  space  in 
which  the  sucker  moves :  this  water  resting  upon  the  latter  presses  it  down, 
and  consequently  raises  the  lever  or  pump  handle,  which  again  descends  as 
soon  as  the  water  escapes  below  ;  thus  illustrating  the  principle  by  which 
^-essure  enginn/i  act— the  lever  being  moved  by  the  water  instead  of  the 
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water  by  it.  How  many  ages  have  elapsed,  aiul  1j4»\v  many  millions  of 
people  have  vvirnessed  this  operation,  without  a  useful  idea  having  been 
derived  from  it?/  And  without  any  one  thinking  that  valuable  lessons  in 
science  might  be  learnt  from  a  disordered  pump,  or  from  the  irregular 
movements  of  a  [)ump  handle  1  Those  observing  minds,  however,  that 
are  constantly  on  tiie  alert  for  facts — like  bees  incessantly  on  the  wing  for 
honey — would  not  now  suffer  even  such  an  occurrence  to  pass  unnoticed; 
nor  would  they  hesitate  to  consider  those  unpleasant  knocks  which 
hundreds  of  people  (and  the  writer  among  them)  have  occasionally  expe- 
rienced from  the  unexpected  descent  of  a  heavy  pump  handle  on  tlieir 
persons,  and  in  some  instances  more  unpleasant  ones  from  its  sudden  as- 
cent— as  admonitions  to  turn  the  experiment  to  advantage.  The  simple 
rise  of  water  which  his  body  displaced  in  a  bathing  tub,  was  seized  in  a 
twinkling  by  the  mathematician  of  Syracuse  to  solve  a  new  and  difficult 
problem  ;  yet  the  same  thing  had  been  previously  witnessed  for  thousands 
of  years,  but  no  one  ever  tliought  "of  applying  the  result  to  any  such 
purpose. 

It  perhajjs  may  be  a  questioti  whether  the  n*d  hines  already  described 
in  tliis  chapter  were  known  to  tlie  engineers  of  antiquity,  but  there  is  no 
room  to  doubt  their  acquaintance  with  another  variety  of  pressure  engines, 
since  we  have  obtained  a  knowledge  of  them  from  the  Spiritalia  of  Heron, 
whose  name  they  still  bear.  It  is  obvious  that  a  liquid  may  be  forced  out 
of  a  vessel  by  pressing  into  the  latter  any  other  substance,  no  matter  what 
the  nature  of  it  may  be,  whether  solid  or  fluid,  liquid  or  aeriform :  thus, 
the  solid  plunger  or  piston  of  a  })ump  does  not  more  effecluallv  expel  the 
contents  of  the  cylinder  in  which  it  moves,  than  the  elastic  fluid  in  a  soda 
fountain  drives  out  the  aerated  water ;  hence,  if  air  be  urged  by  tne  pres- 
sure of  a  liquid  column,  or  by  any  other  force,  to  occupy  the  interior  cS  a 
vessel  containing  water,  the  liquid  may  be  raised  through  a  tube  to  an 
elevation  equal  to  the  force  that'moves  it;  the  air  in  this  case  performing 
the  part  of  pistons  in  the  pressure  engines  already  described  ;  and  its  ef- 
fects are  greater  than  can  be  produced  by  solid  pistons,  for  the  friction  of 
these  consumes  a  considerable  portion  of  the  motive  force,  so  that  a  co- 
lumn of  water  raised  by  them  can  never  equal  the  one  that  raises  it ; 
whereas  air,  from  its  extreme  rnobilitv,  receives  and  transmits  the  munien- 
turn  of  the  motive  column  undiminished  to  the  other. 

The  fountain  of  Heron  is  the  oldest  pressure  engine  known,  and  in  it  a 
volume  of  air  is  used  as  a  substitute  for  a  piston.  Tt  is  not  certain  that  it 
was  invented  by  him,  for  it  may  have  been  an  old  device  in  his  time, 
and  one  which  he  thought  worthy  of  preservation,  or  of  being  .made  more 
oxtenslv(jiy  known,  and  therefore  inserted  an  account  of  it  in  his  book. 
See  No.  163.  The  two  vessels  A  B,  of  any  shape,  are  made  air  tight. 
The  top  of  the  upper  one  is  formed  into  a  dish  or  basin;  in  the  centre  of 
which  the  jet  pipe  is  inserted,  its  lower  end  extending  to  near  the  bottom 
of  A:  a  pipe  C,  whose  upper  orifice  is  soldered  to  the  basin  extends 
down  to  n<*ar  the  bottom  of  the  lower  vessel,  either  passing  through  the 
top  of  H,  as  in  tlie  figure,  or  inserted  at  the  side.  Another  pipe  D  is  con 
lected  to  the  top  of  J3,  and  continued  to  the  upper  part  of  A.  This  pipe 
conducts  the  air  from  B  to  A.  Now  suppose  the  vessel  A  filled  with 
water,  through  an  aj^erture  made  for  the  purpose,  and  which  is  then 
closed  ;  the  object  is  to  make  this  water  ascend  through  the  jet,  and  it  is 
accomplished  thus: — water  is  poured  into  the  basin, and  of  course  it  runs 
down  the  pipe  C  into  B ;  and  as  it  rises  in  the  latter,  the  air  within  is  ne- 
cessarily compressed,  and  having  no  way  to  escape  but  up  tJie  pipe  1),  it 
aBcend.o  mto  the  upper  part  of  A,  where  being  pressed  on  the  surface  o/ 
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the  water,  the  Ittitor  is  compelled  to  ascend  through  the  jet  pipe,  as  shjwi 
in  the  cut.  The  water  thus  forced  out,  falls  back  into  the  basin,  and  run- 
ning down  C  into  B  continues  the  play  of  the  machine,  until  all  the  water 

in  A  is  expended.  The  elevation  to  which  water  in  A  can 
be  thus  raised  through  a  tube,  will  be  equal  to  the  perpen- 
dicular distance  between  the  two  cfrifices  of  C.  To  per- 
sons who  are  ignorant  of  the  construction  of  these  foun- 
tains, the  water  in  the  basin  appears  to  descend,  and  to 
rise  again  through  the  jet.  Such  is  not  the  fact;  were  it  so, 
this  machine  would  be  a  perpetual  motion,  or  something 
very  like  one.  Some  persons  beguiled  by  the  apparent 
possibility  of  inducing  it  to  ascend,  have  attempted  the  so 
lution  of  that  problem  by  a  similar  apparatus.  We  may 
as  well  confess  that  in  our  youth  we  were  of  the  number 
The  younger  Pliny  seems  to  have  fallen  into  the  same 
mistake  respecting  a  fountain  belonging  to  his  country  seat. 
Portable  fountains  of  this  kind  might  be  adopted  as  ap- 
propriate appendages  to  flower  gardens,  and  even  drawing 
rooms.  The  pipes  might  be  concealed  within,  or  modeled 
into  a  handsome  column,  whose  pedestal  formed  the  lower 
vessel,  while  the  upper  end  assumed  the  figure  of  a  vase. 
Such  an  addition  to  the  furniture  of  an  apartment  would 
be  a  useful  acquisition  at  those  seasons  when  the  atmos- 
phere, glowing  like  the  air  of  an  oven,  scorches  our  bodies 
during  the  day,  and  in  the  evening  we  gasji  in  vain  for  the 
cooling  breeze  :  at  such  times  a  minute  stream  of  water 
spouting  and  sparkling  in  a  room  would  soon  allay  the 
heat  and  invigorate  our  drooping  spirits — im])arting  the 
refreshing  coolness  of  autumn  amid  the  burning  heats  of 
summer;  and  if  the  liquid  were  perfumed  witli  atiar  of  roses, 
or  oil  of  lavender,  we  might  realize  the  most  innocent  and 
delicious  of  oriental  luxuries.  The  play  of  such  a  fountain 
might  be  continued  for  two  or  three  hours  at  a  time,  for  the  size  of  the 
stream  need  hardly  exceed  that  of  a  thread,  and  by  a  slight  modification, 
the  jet  could  be  renewed  as  often  as  the  upper  vessel  was  emptied,  by 
simply  inverting  the  machine  :  or,  the  whole  might  be  ananged  without, 
except  the  ajutage  and  the  vase  in  which  the  jet  played.  (See  remarks 
on  fountains  in  the  fifth  book.) 

This  fountain  has  been  named  a  toxfy  but  it  is  by  such  toys  that  impor- 
tant discoveries  have  been  made  in  every  age.  It  is  clearly  no  rude  or 
imperfect  device  :  not  a  first  thought ;  on  the  contrary,  it  boars  the  evi- 
dence of  a  matured  machine,  and  of  being  the  result  of  a  familiar  acquaint- 
ance with  the  principles  upon  which  its  action  depends.  Unlike  older 
liydraulic  machines,  it  requires  no  distinct  vessel  within  which  to  raise  a 
a  liquid ;  nor  does  it  resemble  pumps,  since  neither  cylinders,  suckers, 
valves  or  levers  are  required,  nor  any  external  force  to  keep  it  in  motion. 
Its  invention  may  be  considered  as  having  opened  a  new  era  in  llie  his- 
tory of  machines  for  raising  water,  for  it  is  susceptible  of  an  almost  endless 
variety  pf  modifications,  and  of  being  applied  to  a  great  number  of  pur- 
poses. To  understand  this  it  is  only  necessary  to  bear  in  mind  that  th« 
relative  position  of  the  two  columns  is  immaterial  :  they  may  be  a  mile 
distant  from  each  other,  or  they  may  be  nearly  together.  The  one  that 
raises  the  other  may  be  above,  below,  or  on  a  level  with  the  latter ;  both 
may  be  conveyed  in  pipes  alonff  or  under  the  surface  of  the  ground,  and 
11!  any  direction :  the  only  condition  required  is,  that  the  perpendicular 
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[lislancc  between  tlie  upper  and  lower  orifice 
morlvc  column  flows,  shall  be  equal  to  the  fore 
to  the  proposed  elevation. 

A  pruasure  engine  on  the  principle  of  Heron's  founlaiD,  erected  by  M. 
Hoall  iti  1755,  to  raise  water  from  one  of  the  mines  iti  Hungary,  has  long 
been  celebrated.     In  the  vicinity  of  one  of  the  shafts  at  Chamnit7,  there  ia 
a  hill  upon  which  is  a  spring  of  water,  one  hundred  and  forty  feet  above 
tKe  mouth  of  the  shaft.  This  spring  furnishes  more  water  than  that  which 
rises  at  the  bottom  of  the  mine,  which  is  one  hundred  and  four  feet  l>clow 
the  mouth  of  the  ahaA.    The  water  in  the  mine  is  raised  by  means  of  that  - 
on  tho  hill  by  an  apparatus  similar  to  the  one  figured  in  the  annexed  cut, 
A  represents  a  strong  conpor  vessel  eight  feet  and  a  hulfhigh,  five  feet 
diameter,  and  two  inches  tliick.     A  large  cock  marked  3  is  inserted  neai 
the  bottom,  and  a  smaller  one  2  near  the  top. 
From  this  vessel  a  pipe  D,  two  inches  in  dia- 
meter,  reaches    down    and   is    connected    to 
the  top  of  the  vessel  B  at  the  bottom  of  the 
shaft.      This  vessel   is  smJIer  than  the  upper 
one,  being  six  feet  and  a  half  high,  four  leet 
diameter,  and  two  inches  thick,  und   of  the 
same  material  as  the  other.     A  pipe  E,  four 
inches  diameter,  rises  from  near  the  Kittum 
of  B  to  tho  surface  of  the   ground,  where  it 
discharges   the  water.     Tlie  pipe  0  conveys 
the  water  from   the   spring  on  the  hill ;  it  is 
also   four  inches   diameter,  and   descends  to 
near  the  bottom  of  A,     It  is  furnished  with  a 
cock  1.     Water  is  admitted  into  B  through  b 
cock  4,  or   a  valve   opening  inwarils,   wnich 
closes  when  B  is  filled.    The  vessel  A  is  sup- 
posed to  be  empty,  or  rather  filled  with  air, 
and  its   two  cocks  shut.     The  cock  1  is  then 
Opened,  when  the  water  rushing  into  A  con- 
denses the  air    within  it  and  the    pipe   D, 
atid    this    air    pressing  on    tho   water    in   B, 
forces  it  up  the  pipe  E.     As  soon  as  it  ceasei 
to  flow  through  E,  the  cock  1  is  shut  and  2 
and  3  are  opened,  when  the  water  in  A  ia 
discharged  at  3.     The  cock  or  valve  at  tho 
Bo,  IM.   PraMuro  Enilit  u  bottom  of  B  is  opened,  and  the  water  entering 

drives  the  air  up  D  into  A  where  it  escapi'^ 
at  2.      The  operation  is  then  repeated  as  before. 

If,  when  water  ceases  to  run  at  E,  the  cock  2  be  opened,  both  water 
and  air  rush  out  of  it  together,  and  with  such  violence  that  tlie  liquid  is, 
by  the  generation  of  cold  consequent  on  the  sudden  expansion  of  the  con- 
densed air,  converted  into  iiail  or  pellets  of  ice.  This  fact  is  generally 
shown  to  strangers,  who  are  usually  invited  to  hold  their  ^a(i  in  front  of  tho 
cock  so  as  to  receive  the  blast ;  when  the  hail  issues  with  such  violence, 
as  frequently  to  pierce  the  hats,  like  pistol  bullets.  This  mode  of  pro- 
ducing ice  was  known  to  the  marquis  of  Worcester,  who  refers  to  it  in  the 
eighteenth  proposition  of  hisCentury  of  Inventions,  relating  to  an  "  arli£- 
cial  fountain,  holding  great  quantity  of  water,  and  of  force  guffustnt  to 
make  snow,  ice,  and  thunder."  Some  additions  to  the  machine  al  Chem- 
nitz, by  which  it  might  be  rendered  selfacting,  were  proposed  in  ]7f)6. 
They  uonsisted  of  smalt  vcssids  suspended  from  levers  that  were  seciireJ 
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III  the  shanks  of  the  coclii,  which  they  opened  and  shut  in  the  eame  man- 
ner as  shown  id  No.  160,  A  similar  contrivance  may  be  seen  In  Eeveral 
old  authors — it  ia  in  the  Spiritaliu:  Decaus,  FluUil,  Sloxon  and  Switzcr 
have  all  given  figures  of  it.  The  quantity  of  water  raised  from  the  shaft 
compared  with  that  e^ipendcd  from  tl;e  spring  was  as  42  to  100. 

Bj^  arranging  a  series  of  vessels  above  each  other  ami  connecting  lliera 
by  pipes  as  in  Nu.  1C3,  water  may  be  ruised  to  almost  any  Iieiglit,  in  lo 
cations  that  have  the  advaniugc  of  a  small  fall.  The  distance  between 
the  vessels  not  exceeding  the  perpendicular  descent  of  the  motive  column, 
'  which  last  is  made  to  transmit  its  force  to  eacii  vessel  in  succession — forc- 
ing the  contents  of  one  into  the  next  above,  and  so  on.  Such  a  machine 
is  interesting  as  showing  the  extent  to  which  the  principle  of  Heron's 
fountain  may  be  applied,  but  fiti  praclical  purposes  it  is  of  Httlc  value.  Il 
is  too  complex  (rf  made  Belf-a.;ting}  and  too  expensive  for  common  use  ; 
and  it  is  far  inferior  to  the  water  ram.  It  wag  described  liy  Dr.  Darwin, 
in  his  Phylologia,  to  which  moder.i  writers  generally  refer,  but  it  ia  an 
old  affair.  It  ia  figured  l>y  Moxon  in  his  "Mei:hanick  Powers,"  Lon.  1696, 
and  is  mentioned  by  older  authors.  It  is  substantially  the  same  as  the 
diiuble  fountain  of  Hcion,  as  found  in  the  Spiriiaiia and  the  works  of  moat 
writers  on  hydraulics. 

By  far  the  most  novel  and  interesting  modiHcation  of  Heron's  fountain 
was  devised  in  the  year  1746  Ijy  H.  A.  n'irlz,  a  Swiss  pewterer  or  tin- 
plate  worker  of  Zurich.  It  is  sometimes  named  a  spiral  pump,  and  wai 
made  to  raise  water  for  a  dve  house  in  the  vicinity  of  that  city.  What  the 
circumstances  were  that  led  Wirtz  to  its  invention  we  are  nol  informed— 
whether  it  waa  auggested  by  some  incident,  or  was  the  result  of  rciiaoning 
alone.  It  is  re]ireseiitcd  in  the  illustrations  Nos.  i£5  and  166,  the  first 
Jeing  a  lectioii  and  the  latter  an  external  view. 


Ns.l<l9.    ■utiea  af  Wmi^  Puop.  Na.tM.    Tin  t.  V/lcU^  Pump. 

Wirtz's  machine  consists  either  of  a  helical  or  a  spiral  pipe.  As  tlie 
frlrmer  it  is  coiled  round  in  one  plane  as  A  B  C  D  £  F  in  No.  1S5.  As 
a  soiral  it  is  airanged  round  the  circumference  of  a  cone  or  cylinder,  and 
tr.en  resembles  the  worm  of  a  siill.  The  interior  end  at  O  is  united  by  ■ 
water  tight  \oint  to  the  ascending  pipe  H.     See  No.  166.     The  open  end 
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of  tlio  coil  is  enlarged  so  as  to  form  a  scoop.  When  the  machine,  im- 
mersed in  water  as  represented,  is  turned  in  the  direction  of  the  aiTow 
the  water  in  the  scoop,  as  the  latter  emerges,  passes  along  the  pipe  driv- 
ing the  air  before  it  into  G  H,  where  it  escapes.  At  the  next  revolution 
both  air  and  water  enter  the  scoop  ;  the  water  is  driven  along  the  tube  as 
before,  but  is  separated  from  the  first  portion  by  a  column  of  air  of  nearly 
equal  length.  By  continuing  the  motion  of  the  machine  another  portion 
of  water  and  another  of  air  wMl  be  introduced.  The  body  of  water  m  each 
coil  will  have  both  its  ends  horizontal,  and  the  included  air  will  be  of 
about  its  natural  density  ;  but  as  the  diameters  of  the  coils  diminish  to- 
wards the  centre,  the  column  of  water  which  occupied  a  semicircle  in  the 
oater  coil,  will  occupy  more  and  more  of  the  inner  ones  as  they  approach 
the  centre  G,  till  there  will  be  a  certain  coil,  of  which  it  will  occupy  a 
cooiolete  turn.  Hence  it  will  occupy  more  than  the  entire  space  within 
this  coil,  and  consequently  the  water  will  run  back  over  the  top  of  the 
succeeding  coil,  into  the  right  hand  side  of  the  next  one  and  push  the 
water  within  it  backwards  and  raise  the  other  end.  As  soon  as  the  water 
rises  in  the  pipe  G  H,  the  escape  of  air  is  prevented  when  the  scoop 
takes  in  its*  next  quantity  of  water.  Here,  then,  are  two  columns  of  water 
acting  against  each  other  by  hydrostatic  pressure,  and  the  intervening  co- 
lumn of  air.  They  must  compress  the  air  l>ctwcen  them,  and  the  water 
and  air  columns  wiii  now  be  unequal.  This  will  have  a  general  tendency 
lo  kecip  the  whole  water  back  and  cause  it  to  be  higher  on  the  left  or  ris- 
jig  side  of  each  coil,  than  on  the  other.  The  excess  of  height  will  be  just 
Bach  as  produces  tlie  compression  of  the  air  between  that  and  the  preced- 
5ig  column  of  water.  This  will  go  on  increasing  as  the  water  mounts  in 
H.  Now  at  whatever  height  the  water  in  H  may  be,  it  is  evident  that 
the  air  in  the  small  column  next  to  it  will  always  be  compressed  with  the 
weight  of  the  water  in  H — an  equal  force  must  therefore  be  exerted  by 
the  water  in  the  coils  to  support  the  column  in  H.  This  force  is  the  sum 
of  all  the  differences  between  the  elevation  of  the  inner  ends  of  the  water 
in  each  coil  above  the  outer  ends ;  and  the  height  to  which  the  water  will 
rise  in  H  will  be  just  eqi;al  to  this  sum.  Dr.  Gregory  observes  that  the 
principles  on  which  the  tlieory  of  this  machine  depends  are  confessedly 
intricate  ;  but  when  judiciously  consti'ucted,  it  is  veny  powerful  and  effec- 
tive in  its  operatioi:.  It  has  not  been  ascertained  whether  the  helical  or 
spire.!  form  is  best.  Some  of  these  machines  were  erected  in  Florence  in 
177i.  In  17S4,  one  was  made  at  Archange4sky,  that  raised  a  hogshead  of 
water  in  a  minute  to  an  elevation  of  seventy-four  feet,  and  through  a  pipe 
seven  hundred  and  sixty  feet  long.     See  Gregory's  Mechanics,  vol.  ii. 

It  perhaps  may  facilitate  an  understanding  of  this  curious  machine,  by 
remarking  that  the  pressure  exerted  by  the  column  of  water  in  one  side  ol 
i;ach  coil  is  pix>portioned  to  its  length,  and  that  this  pressure  is  transmit- 
ted, th.rough  the  column  of  air  between  them,  to  that  of  the  next ;  the  com- 
bined force  of  both  is  then  made  to  act,  by  the   revolution  of  tlie  tubes 
upon  the  third  column,  and  so  on,  till  the  accumulated  force  of  them  al 
is  comniunicQied   to  the  water  m  H ;  and  hence  the  elevation   to  wliici 
M'tttcr  can  be  tnus  raised,  can  never  exceed  the  7um  of  the  altitudes  of  the 
liquiu  columns  \(\  the  coils. 

KNO  OF  THE  THIRD  BOOK. 
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CHAPTER    I. 

Devices  of  the  lower  anlmnls — Some  animala  aware  that  force  la  Increased  by  the  space  thronf  h 
«  hich  a  body  move*— Birds  drop  shell  A»h  from  greit  elcTations  to  break  the  shcIU— Death  of  iEschylna 
—Combats  between  the  males  of  sheep  and  f  oats— Military  ram  of  the  anei,eDts— Water  rams— WaTee 
—Momentum  acquired  by  ninninf  water— Exaiuplee — Whitehorst*s  machine— Hydraulic  ram  of  Mont 
f oilier — "  Canne  hydrauUqde"  and  its  modifications. 

Op  the  machines  appropriated  to  the  fourth  division  of  this  work,  (see 
page  8,)  centrifugal  pumps  and  a  fev/  others  have  already  been  descrroea. 
There  remain  to  be  noticed,  the  water  ram,  canne  hydraulique,  and  ae- 
vices  for  raising  water  by  means  of  steam  and  other  elastic  fluids. 

If  the  various  operations  of  the  lower  animals  were  investigated,  a  thou- 
sand devices  that  are  practised  by  man  would  be  met  with,  and  probably 
a  thousand  more  of  which  we  yet  know  nothing.  Even  the  means  by  which 
they  defend  themselves  and  secure  their  food  or  their  prey,  are  calculated 
to  impart  useful  information.  Some  live  by  stratagem,  laying  concealed 
till  their  unsuspecting  victims  approach  within  reach — others  dig  pitfalls 
to  entrap  them ;  and  others  agafln  fabricate  nets  to  entangle  them,  and 
coat  the  tureads  with  a  glutinous  substance  resembling  the  birdlime  of  the 
fowler.  iSome  species  distill  poison  and  slay  their  victims  by  infusing  it 
into  their  blood;  while  others,  relying  on  their  muscular  energy,  suffocate 
their  prey  in  their  embraces  and  crush  both  body  and  bones  into  a  pulpy 
mass.  The  tortoise  draws  himself  into  his  shell  as  into  a  fortress  and  bids 
defiance  t>  his  foes;  and  the  porcupine  erects  around  his  body  an  array  of 
bayoneij  f»om  which  his  enemies  retire  with  dread.  The  strength  of  the 
ox,  the  buffalo  and  rhinoceros  is  in  their  necks,  and  which  they  apply 
with  resistless  force  to  gore  and  toss  their  enemies.  The  elephant  by  his 
weight  treads  his  foes  to  death ;  and  the  horse  by  a  kick  inflicts  a  wound 
that  is  often  as  fatal  as  the  bullet  of  a  rifle ;  the  space  through  which  his 
foot  passes,  adding  force  to  the  blow. 

There  are  numerous  proofs  of  some  of  the  lower  animals  being  aware 
"hdit  the  momentum  of  a  moving  body  is  increased  by  the  space  through 
which  it  falls.  Of  several  species  of  birds  which  feed  on  shell  fish,  some, 
when  unable  to  crush  the  shells  with  their  bills,  carry  them  up  in  the 
air,  and  let  them  drop  that  they  may  be  broken  by  the  fall.  (The  Athe- 
nian poet  ^schylus,  it  is  said,  was  killed  by  a  tortoise  that  an  eagle  drop- 
ped upon  his  baM  head,  which  the  bird,  it  is  nupposed,  mistook  for  a  stone.) 
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Wlien  the  males  of  sheep  or  goats  prepare  to  butt,  tliey  always  rece^le 
backwards  to  some  distance  ;  and  then  rushing  impetuously  forward,  (ac- 
cumulating force  as  they  go,)  bring  their  foreheads  in  contact  with  a  shock 
that  sometimes  proves  fatal  to  both.  The  ancients,  perhaps,  from  v^'itness 
ing  the  battles  of  these  animals,  constructed  military  engines  to  act  on  the 
same  principle.  A  ponderous  beam  was  suspended  at  the  middle  by  chains, 
and  one  end  impelled,  by  the  united  efforts  of  a  number  of  men  at  the  op- 
posite end,  against  walls  which  it  demolished  with  slow  but  sure  effect. 
The  battering  end  was  generally,  and  with  the  Greeks  and  Romans  uni 
formly,  protected  by  an  iron  or  bronze  cap  in  the  form  of  a  ram*s  head  ; 
and  the  entire  instrument  was  named  after  that  animal.  It  was  the  most 
liestructive  of  all  their  war  machinery — no  building,  however  solid,  could 
long  withstand  its  attacks.  Plutarch,  in  his  life  of  Anthony,  mentions  one 
eighty  feet  in  length. 

The  action  of  the  ram  is  familiar  to  most  people,  but  it  may  not  be 
Known  to  all  that  similar  results  might  be  produced  by  a  liquid  as  by  a  solid 
— that  a  long  column  of  water  moving  with  great  velocity  might  be  made 
equally  destructive  as  a  beam  of  wood  or  iron — ^yet  so  it  is.  Waves  of  the 
sea  act  as  water-rams  against  rocks  or  other  barriers  that  impede  their 
progress,  and  when  their  force  is  increased  by  storms  of  wind,  the  most 
Holid  structures  give  way  before  them.  The  old  lighthouse  on  the  Eddy- 
stone  rocks  was  thus  battered  down  during  a  storm  in  1703,  when  the 
engineer,  Mr.  Winstanley,  and  all  his  people,  perished. 

The  increased  force  that  water  acquires  when  its  motion  is  accelerated, 
might  be  shown  by  a  thousand  examples :  a  bank  or  trough  that  easily 
retains  it  when  at  rest,  or  when  slightly  moved,  is  often  insufficient  when 
its  velocity  is  greatly  increased.  When  the  deep  lock  of  a  canal  is  opened 
to  transfer  a  boat  or  a  ship  to  a  lower  level,  the  water  is  permitted  to  de- 
scend by  slow  degrees  :  were  the  gates  opened  at  once,  the  nashing  mass 
would  sweep  the  gates  below  before  it,  or  the  greater  portion  would  be 
carried  in  tlie  surge  <]uite  over  them — and  perhaps  the  vesst»l  also.  A 
sluggish  stream  drops  almost  perpendicularly  over  a  precipice,  bat  the  mo- 
mo  utam  of  a  rapid  one  shoots  it  over,  and  leaves,  as  at  Niagara,  a  "wide 
space  between.  It  is  the  same  w^ith  a  stream  issuing  from  a  horizontal 
tube — if  the  li(juid  pass  slowly  through,  it  fulls  inertly  at  the  orifice,  but 
if  its  velocity  be  considerable,  the  jet  is  carried  to  a  distance  ere  it  touches 
the  ground.  The  level  of  a  great  part  of  Holland  is  below  the  surface  ^i 
the  sea,  and  the  dykes  are  in  some  parts  thirty  feet  high :  whenever  a 
leak  occurs,  the  greatest  efforts  are  made  to  repair  it  immediately,  and  for 
the  obvious  reason  that  the  aperture  keeps  enlarging  and  the  liquid  mass 
behiiKi  is  put  in  motion  towards  it;  thus  the  pressure  is  inci eased  luid. 
if  the  leak  be  not  stopped,  keeps  increasing  till  it  bears  with  irresistablp 
force  all  obstructions  away.  A  fatal  example  is  recorded  in  the  ancient 
history  of  Holland : — an  ignorant  burgher,  near  Dort,  to  be  revenged  on 
a  neiglibour,  dug  a  hole  through  the  dyke  opposite  the  house  of  tlie  latter, 
intending  to  close  it  after  his  neighbor's  property  had  been  destroyed ; 
but  the  water  rushed  through  with  an  a^^celeraling  force,  till  all  resistance 
was  vain,  and  the  whole  country  became  deluged.  The  ancients  were 
well  aware  of  this  accumulation  of  force  in  running  w^aters.  Allusions 
to  it  are  very  common  among  the  oldest  writers,  and  various  maxims  of 
life  were  drawn  from  it.  The  beginning  of  strife,  says  Solomon,  "  is  as 
when  one  letteth  out  water" — the  "  breach  of  waters'* — "  breaking  forth 
of  wafers" — "rushing  of  mighty  waters,"  &c.  are  frequently  mentioned,  to 
inlicaie  the  irrcsistable  influence  of  desolarng  evils  when  once  admitted 

Th  it  I  ho.  force  which  a  running  stream  thus  aoquires  may  be  made  ir 
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drive  a  portion  of  tlie  liquid  far  above  the  source  whence  it  flows,  is  obvi- 
ous from  several  operations  in  nature.  During  a  stoiTn  of  wind,  long 
swelling  waves  in  the  open  sea  alternately  rise  and  fall,  without  the  crests 
or  tops  of  any  being  elevated  much  above  those  of  the  rest ;  but  whe^ 
they  meet  from  opposite  directions,  or  when  their  progress  is  suddenly 
arrested  by  the  bow  of  a  ship,  by  rocks,  or  other  obstacles,  part  of  thf 
water  is  driven  to  great  elevations.  There  is  a  fine  example  of  this  at  the 
Eddy  stone  rocks — the  heavy  swells  from  the  Bay  of  Biscay  and  from  the 
Atlantic,  roll  in  and  break  with  inconceivable  fury  upon  them,  so  that  vo- 
lumes of  water  are  thrown  up  with  terrific  violence,  and  the  celebrated 
light-liouse  sometimes  appears  from  this  cause  like  the  pipe  of  a  fountain 
enclosed  in  a  stupendous ^V/  d*cau.  The  light  room  in  the  old  light-house 
was  sixty  feet  above  the  sea,  and  it  was  often  buried  in  the  waves,  so  im- 
merse were  the  volumes  of  water  thrown  over  it. 

The  hydraulic  ram  raises  water  on  precisely  the  same  principle  :  a 
quantity  of  the  liquid  is  set  in  motion  through  an  inclined  tube,  and  its  es- 
cape from  th^  lower  orifice  is  made  suddenly  to  cease,  when  the  momen- 
tum of  the  moving  mass  drives  up,  like  the  waves,  a  portion  of  its  own 
volume  to  an  elevation  much  higher  than  that  from  which  it  descended. 
This  may  be  illustrated  by  an  experiment  familiar  to  most  people.  Sup- 
pose the  lower  orifice  of  a  tube  (whose  upper  one  is  connected  to  a  reser- 
voir of  water)  Lr  closed  with  the  finger,  and  a  very  minute  stream  be  al- 
lowed to  escof  3  from  it  in  an  upward  dii^ection— the  tiny  jt>i  wouhl  rice 
nearly  to  the  surface  of  the  reservoir;  it  could  not,  of  course,  ascend 
higher— but  if  the  finger  were  then  moved  to  one  side  so  as  vO  al'^iW  a 
free  escape  till  the  whole  contents  of  the  tube  were  rapidly  moving  to  the 
exit,  and  the  orifice  then  at  once  contracted  or  closed  as  before,  the  jet 
would  dart  far  ad  7>^  the  reservoir;  for  in  addition  to  the  hydrostatic  pres- 
sure which  drove  it  up  in  the  first  instance,  there  would  be  a  new  force 
acting  upon  it;  derived  from  the  motion  of  the  water.  As  in  the  case  of 
a  hammer  of  a  few  pounds  weight,  when  it  rests  on  the  anvil  it  exerts  a 
pressure  on  the  latter  with  a  force  due  to  its  weight  only^  tit  ^hcn  put 
in  motion  by  the  hand  of  the  smith,  it  descends  with  a  force  thpt  .s  equiva- 
lent to  the  press'irc  of  perhaps  a  ton.  , 

Every  person  accustomed  to  draw  water  from  pipes  that  are  supplied 
from  very  elevated  sources,  must  have  observed,  when  the  cocks  or  dis- 
charging orifices  are  suddenly  closed,  ajar  or  tremor  communicated  to  the 
pipes,  and  a  snapping  sound  like  that  from  smart  blows  of  a  hammer.  These 
effects  are  produced  by  blows  which  the  ends  of  the  pipes  receive  from 
the  water;  the  liquid  particles  in  contact  with  the  plug  of  a  cock,  when  it 
is  turned  to  stop  the  discharge,  being  forcibly  driven  up  against  it  by  those 
constituting  the  moving  mass  behind.  The  philosophical  instrument  named 
a  wafer  Jiammer  illustrates  this  fact.  The  effect  is  much  the  same  as  if  a 
solid  rod  moved  with  the  same  velocity  as  the  water  through  the  tube 
until  its  progress  was  stopped  in  the  same  manner,  except  that  its  mo- 
mentum would  be  concentrated  on  that  point  of  the  pine  against  which  it 
struck,  whereas  with  the  liquid  rod  the  momentum  would  be  communi- 
cated equally  to,  and  might  be  transmitted  from  any  part  of,  the  lower  end 
of  the  tube ;  hence  it  often  occurs  that  the  ends  of  such  pipes,  when  made 
of  lead,  are  swelled  gi'eatly  beyond  their  original  dimensions.  We  have 
geen  some  J  of  an  inch  bore,  become  enlarged  to  1\  inches  before  they  were 
ruptured.  At  a  hospital  in  Bristol,  England,  a  plumber  was  employed 
to  convey  water  through  a  leaden  pipe  from  a  cistern  in  one  of  tne  upper 
stories  to  the  kitchen  below,  and  it  happened  that  the  lowe:*  end  of  the 
tube  was  birst  nearly  evrv  time  the  cock  was  used.     Af'er  several  at* 
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tempts  to  remedy  the  evil,  it  was  determined  to  solder  one  end  of  a  smallei 
pipe  immediately  behind  the  cock,  and  to  carry  the  other  end  to  as  high 
a  level  as  the  water  in  the  cistern;  and  now  it  was  found  that  on  shutting 
the  cock  the  pipe  did  not  burst  as  before,  but  a  jet  of  considerable  height 
was  forced  from  the  upper  end  of  this  new  pipe :  it  therefore  became  ne> 
ces£?iry  to  increase  its  height  to  prevent  water  escaping  from  it — upon 
which  it  was  continued  to  the  top  of  the  hospital,  being  twice  the  height 
of  the  supplying  cistern,  but  where  to  the  great  surprise  of  those  whc 
constructed  the  work,  some  water  still  issued  :  a  cistern  was  therefore 
placed  to  receive  this  water,  which  was  found  very  convenient,  since  it 
was  thus  raised  to  the  highest  floors  of  the  building  without  any  extra 
labor.  Here  circumstances  led  the  workmen  to  the  construction  of  a  water- 
ram  without  knowing  that  such  a  machine  had  been  previously  devised. 

The  first  person  who  is  known  to  have  raised  water  l)y  a  ram,  designed 
for  the  purpose  was,  Mr.  Whitehurst,  a  watchmaker  of  Derby,  in  England 
He  erected  a  machine  similar  to  the  one  represented  by  the  next  figure, 
in  1772.  A  description  of  it  was  forwarded  by  him  to  the  Roycd  Society, 
and  published  in  vol.  Iv,  of  their  Transactions. 


Na  167.    Wkitabnnt*!  Wator-RuD. 

A  represents  the  spring  or  reservoir,  the  surface  of  the  water  in  which 
was  of  about  the  same  level  as  the  bottom  of  the  cistern  B.  The  nram 
pipe  from  A  to  the  cock  at  the  end  of  C,  was  nearly  six  hundred  fec;t  m 
length,  and  one  and  a  half  inches  bore.  The  cock  was  sixteen  feet  below 
A,  and  furnished  water  for  the  kitchen  offices,  &c.  When  it  was  opened 
the  liquid  column  in  A  0  was  put  in  motion,  and  acquired  a  velocity  due 
to  a  fall  of  sixteen  feet;  and  as  soon  as  the  cock  was  shut,  the  momentum 
of  this  long  column  opened  the  valve,  upon  which  part  of  the  water  rushed 
into  the  air-vessel  and  up  the  vertical  pipe  into  B.  This  effect  took  place 
every  time  the  cock  was  used,  and  as  water  was  drawn  from  it  at  short 
intervals  for  household  purposes,  "  from  morning  till  night — all  the  days 
in  the  year,"  an  abundance  was  raised  into  B,  without  any  exertion  or 
expense. 

Such  was  the?  first  water-ram.  As  an  original  device,  it  is  highly  honor- 
able to  the  saeacity  and  ingenuity  of  its  author;  and  the  introduction  of  an 
air  vessel .  witnout  which  all  apparatus  of  the  kind  could  never  be  made 
durable,  strengthens  his  claims  upon  our  regard.  In  this  machine  he  has 
shown  that  the  mere  act  of  drawing  water  from  long  tubes  for  ordinary 
purposes,  may  serve  to  raise  a  portion  of  their  contents  to  a  higher  level ; 
an  object  that  does  not  appear  to  have  been  previously  attempted,  or 
even  thought  of.  The  device  also  exhibits  another  mode,  besides  that 
by  pressure  engines,  of  deriving  motive  force  from  liquids  thus  drawn, 
and  consequently  opens  another  way  by  which  the  immense  power  ex- 
ponded  in  raising  water  for  the  supply  of  cities,   m^y   again  be  given 
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(»ut  with  the  liquid  from  the  lateial  pipes.  NotwithsUnding  die  advan 
tagcs  derived  from  such  an  apparatus,  under  circumstances  similar  to 
those  indicated  by  the  figure,  it  does  not  appear  to  have  elicited  the  at- 
tention of  engineers,  nor  does  Whitehurst  himself  seem  to  have  been  aware 
of  its  adaptation  as  a  substitute  fof  forcing  pumps,  in  locations  where  the 
water  drawn  from  the  cock  w^  not  required,  or  could  not  be  used.  Had 
he  pursued  the  subject,  it  is  probable  the  idea  of  openu  ^  and  closing  the 
cock  (by  means  of  the- water  that  escaped)  with  some  jjch  apparatus  as 
figured  in  No.  160,  would  have  occurred  to  him,  and  then  his  machine 
being  mads  self-acting,  would  have  been  applicable  I.i  a  thousand  loca- 
tions. But  these  additions  were  not  made,  and  the  coi  sequence  was,  that 
the  invention  was  neglected,  and  but  for  the  one  nett  to  be  described,  it 
.  would  most  likely  have  passed  into  oblivion,  like  lh<  steam  machines  of 
Branca,  Kircher,  and  Decaus,  till  called  forth  by  iLe  application  of  the 
same  principle  in  more  recent  devices. 

Whenever  we  peruse  accounts  of  the  labors  of  ingenious  men,  in  search 
of  new  discoveries  in  science  or  the  arts,  sympathy  leads  us  to  rejoice  at 
their  success  and  to  grieve  at  their  failure  :  like  the  readers  of  a  well 
written  novel  who  enter  into  the  views,  feelings  and  hopes  of  the  hero ; 
realize  liis  disappointments,  partake  of  his  pleasures,  and  become  interested 
in  his  fate ;  hence  something  like  regret  comes  over  us,  when  an  indus- 
trious experjnenter,  led  by  his  researches  to  the  verge  of  an  important 
discovery,  is,  by  some  circumstance  diverted  (perhaps  temporarily)  from 
it;  and  a  more  fortunate  or  more  sagacious  rival  steps  in  and  bears  off  the 
prize  from  his  grasp— a  prize,  which  a  few  steps  more  would  have  put 
him  in  possession  of.  Thus  Whitehurst  with  the  water-ram,  like  Papin 
with  the  steam-engine,  discontmued  his  researches  at  the  most  interestmg 
point — at  the  very  turning  of  the  tide  that  would  have  carried  him  to  the 
goal ;  and  hence  the  fruit  of  both  their  labors  has  contributed  but  to  en- 
hance the  glory  of  their  successors. 

The  Belter  kydrauliqtie  of  Montgolfier  was  invented  in  1796.  (Its  au- 
thor was  a  French  paper  maker,  and  the  same  gentleman  who,  in  cr^^j unc- 
tion with  his  brother,  invented  balloons  in  1782.)  Although  it  is  m  the 
principle  of  Whitehurst's  machine,  its  invention  is  believed  to  hai «  been 
entirely  independent  of  the  latter.  But  if  it  were  even  admitted  that 
Montgolfier  was  acquainted  with  what  Whitehurst  had  done,  still  he  has, 
by  his  improvements,  made  the  ram  entirely  his  own.  He  found  it  a 
comparatively  useless  device,  and  he  rendered  it  one  of  the  most  oflBcient 
— it  was  neglected  o"  forgotten,  and  he  not  only  revived  it,  but  gave  it  a 
permanent  place  among  hydraulic  machines,  and  actually  made  it  the 
most  interesting  of  them  all.  It  was,  previous  to  his  time,  but  an  embiyo: 
when,  like  another  Prometheus,  he  not  only  wrought  it  into  shape  and 
beauty,  but  imparted  to  it,  as  it  were,  a  principle  of  life,  that  rendered  Vh 
movements  self-acting  ;  for  it  requires  neither  the  attendance  of  man,  ncr 
any  thing  else,  to  keep  it  in  play,  but  the  momentum  of  the  water  it  id 
employed  to  elevate.  Like  the  organization  of  animal  life,  and  the  mv- 
chanism  by  which  the  blood  circulates,  the  pulsations  of  this  admirable 
machine  incessantly  continue  day  and  night,  for  months  and  years;  while 
nothing  but  a  deficiency  of  the  liquid,  or  defects  in  the  apparatus  can  in- 
duce it  to  stop.  It  IS,  compared  to  Whitehurst's,  what  the  steam-engine 
of  Watt  is  to  that  of  Savary  or  Newcomen. 

"Montgolfier  positively  denied  having  borrowed  the  idea  from  any  one— 
ne  claimed  the  invention  as  wholly  his  own,  and  there  is  no  reason  what- 
ever to  question  his  veracity.  The  same  discoveries  have  often  been,  anuf 
•till  are,  mp'^t^  in  the  same  and  in  distant  countries,  indepondffudy  '  £  eacji 
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oriier.  Tt  \»  a  tonunon  occurrence,  and  from  the  constitution  of  the  hti- 
man^iiind  will  always  be  one.  A  patent  was  taken  out  in  Eng'lanJ  fur 
jolf-actiDg  raiCB  in  l'797  by  Mr.  Boulton.  the  partner  of  Watt,  and  as  no 
reference  was  made  in  the  specification  to  Montgolfier,  many  persons  ima- 
gined them  to  1>e  of  English  origin,  a  circumstance  that  elicited  some  re* 
marks  from  their  author.  "  Celte  invention  (says  Monleolfier)  n'est  point 
d'origine  Anglaise,  elle  appartient  toute  entiere  it  la  France  ;  je  declare 
que  j'en  euis  lo  seul  inventeur,  et  que  I'id^e  ne  m'on  a  et^  foumle  par 
persnnne;  il  est  vraj  qu'un  de  mes  amis  a  fait  ciaMer,  avec  mon  agi-i^mKnt, 
a  MM.  Watt  et  Boulton,  copte  de  plusieura  aessini  que  j'avais  fait^  de 
cette  machine,  avec  un  m^moire  d^taille  aur  ses  applications.  Co  sont  cet 
nUmci  detxift  qui  onl  ete  tid^lement  copies  tians  !a  palenle  prise  par  M. 
Boulton  i,  Londres,  en  date  da  13  Decembre  1797 ;  ce  qui  est  une  verit^ 
dont  il  est  bien  ^loign^  de  disconvenir,  ainsi  que  le  respectable  AL  Walt." 
We  have  inserted  this  extract  from  Hachette,  because  we  really  supposed 
on  reading  the  specification  of  Boulton's  patent  in  the  Repertory  of  Arts, 
(for  1798,  vol.  ix,)  that  the  various  modifications  of  the  rwn  there  des- 
cribed were  the  invention  of  that  gentleman.  The  patent  was  granted  to 
"  Matthew  Boulton,  for  kit  invention  of  improved  apparatus  and  method* 
for  raising  water  and  other  fluids." 
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No.  168  represents  a  simple  form  of  Montgolfier's  ram.  The  motive 
column  descends  from  a.  spring  or  brook  A  through  the  pipe  B,  near  the 
end  of  which  an  air  chamber  D,  and  rising  main  F,  are  attached  to  it  as 
shown  in  the  cut.  At  the  extreme  end  of  B,  the  onfice  is  opened  and 
closed  by  a  valve  E,  instead  of  the  cock  in  No.  167.  This  valve  opens 
'.'-,v.-nwards  and  may  either  be  a  spherical  one  as  in  No.  166,  or  a  common 
apind'e  one  as  in  No.  169.  It  is  the  play  of  this  valve  that  renders  the 
machine  self-acting.  To  accomplish  this,  the  valve  is  made  of,  or  loaded 
with,  such  a  weight  as  just  to  open  when  the  water  in  B  is  at  rest ;  ('.  e.  It 
mu.:'.  be  so  heavy  as  to  overcome  the  pressure  against  its  under  side  when 
e'osed,  M  represented  at  No.  169,  Now  suppose  this  valve  open  rb  in 
ITo.  IC-C,  he  water  flowing  through  B  soon  acquires  an  additional  force 
C-Mt  :ji.te9  up  the  valve  against  its  seat;  then,  as  in  shutting  ihe  cock  of 
WhitJiiurst's  machine,  a  portion  of  the  water  will  enter  and  rise  in  F,  the 
ralve  of  the  air  chamber  preventing  its  return.  When  this  has  taken  place 
the  water  in  B  has  been  brought  'o  rest,  and  aa  in  that  state  its  pressure 
is  insufficient  to  sustatD  the  welgnt  of  the  valve,  E  opens;  (descends)  the 
n^ter  in  B  's  a^in  Oiit  in  m-  tion,  and  again  it  closes  E  as  befoie,  when 
another  onrtian  IS  driven  into  the  air  Teasel  and  pipeF;  and  thus  the 
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operador.  is  continued,  as  long  as  the  spring  affords  a  sufficient  suppl^f  and 
the  apparatus  remains  in  order. 

The  surface  of  the  water  in  the  spring  or  source  should  always  be  kept 
at  the  same  elevation,  so  that  its  pressure  against  the  valve  E  may  always 
be  uniform — otherwise  the  weight  of  E  would  have  to  be  altered  as  the 
surface  of  the  spring  rose  and  fell. 

This  beautiful  machine  may  be  adapted  to  numerous  locations  in  every 
country.  When  the  perpendicular  fall  from  the  spring  to  the  valve  E  is 
but  a  few  feet,  and  the  water  is  required  to  be  raised  to  a  considerable 
height  through  F,  then,  the  length  of  the  ram  or  pipe  B,  must  be  in- 
creased, and  to  such  an  extent  that  the  water  in  it  is  not  forced  back  into 
the  spring  when  E  closes,  which  will  always  be  the  case  if  B  is  not  of 
sufficient  length.  Mr.  Millington,  who  erected  several  in  England,  justly 
observes  that  a  very  insignificant  pressing  column  is  capable  of  raising  a 
very  high  ascending  one,  so  that  a  sufficient  fall  of  water  may  be  obtained 
in  almost  every  running  brook,  by  damming  the  upper  end  to  produce  the 
•eservoir,  and  carrying  the  pipe  down  the  natural  channel  of  the  stream 
until  a  sufficient  fall  is  obtained.  In  this  way  a  ram  has  been  made  to  raise 
one  hundred  hogsheads  of  water  in  twenty-four  hours  to  a  perpendicular 
height  of  one  hundred  and  thirty-four  feet,  by  a  fall  of  only  four  feet  and 
a  half  M.  Fischer  of  Schaffhausen,  constructed  a  water-ram  in  the  form 
of  a  beautiful  antique  altar,  nearly  in  the  style  of  that  of  Esculapius,  as 
represented  m  various  engravings.  A  basin  about  six  inches  in  depth,  and 
from  eighteen  to  twenty  inches  in  diameter,  received  the  water  that  formed 
the  motive  column.  This  water  flowed  through  pipes  three  inches  in  di- 
ameter that  descended  in  a  spiral  form  into  the  base  of  the  altar ;  on  the 
valve  opening  a  third  of  the  water  escaped,  and  the  rest  was  forced  up  to 
a  castle  several  hundred  feet  above  the  level  of  the  Rhine. 

A  long  tube  laid  along  the  edge  of  a  rapid  river,  as  the  Niagara  above 
the  falls,  or  the  Mississippi,  might  thus  be  used  instead  of  pumps,  water 
wheels,  steam-engines  and  horses,  to  raise  the  water  over  the  highest 
banks  and  supply  inland  toMiis,  however  elevated  their  location  mieht  be ; 
and  there  is  scarcely  a  farmer  in  the  land  but  who  might,  in  the  absence 
of  other  sources,  furnish  his  dwelling  and  barns  with  water  in  the  same 
way,  from  a  brook,  creek,  rivulet  or  pond. 

If  a  ram  of  large  dimensions,  and  made  like  No.  168,  be  «.Aed  to  raido 
water  to  a  great  elevation,  it  would  be  subject  to  an  inconvenience  tl  at 
would  soon  destroy  the  beneficial  effect  of  the  air  chamber.  When  speak- 
ing of  the  air  vessels  of  fire-engines,  in  the  third  book,  we  observed  that  if 
air  be  subjected  to  great  pressure  in  contact  with  water,  it  in  time  be- 
comes incorporated  with  or  absorbed  by  the  latter.  As  might  be  supposed, 
the  same  thing  occurs  in  water-rams ;  as  these  when  used  are  inces- 
santly at  work  both  day  and  night.  To  remedy  this,  Montgolfier  ingeni- 
ously adapted  a  verv  small  valve  (opening  inwards)  to  the  pipe  beneath  the 
air  chamber,  and  wnich  was  opened  and  shut  by  the  ordinary  action  of  the 
machine.  Thus,  when  the  flow  of  the  water  through  B  is  suddenly  stop- 
ped by  the  valve  E,  a  partial  vacuum  is  produced  immediately  below  the 
air  chamber  by  the  recoil  of  the  water,  at  which  instant  the  small  valve 
opens  and  a  portion  of  air  enters  and  supplies  that  which  the  water  ab- 
sorbs. Sometimes  this  snifling  valve,  as  it  has  been  named,  is  adapted  to 
another  chamber  immediately  below  that  which  forms  the  reservoir  of  air, 
as  at  B  in  No.  169.  In  small  rams  a  sufficient  supply  is  found  to  enter  at 
the  valve  E. 

Although  air  chambers  or  vessels  are  not,  strictly  speaking,  constituent 
eleme.it8  of  water-rams,  they  are  indispensable  to  the  permanent  operation 
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«f  thc«e  mochinea.  WUIiout  them,  the  pipes  would  soon  be  ruptured  by  th« 
violent  concussion  consequent  on  the  sudden  stoppage  of  the  efflux  of  iho 
motive  column.  They  perrorm  aBimilarpart  to  that  of  the  bagsof  wool.  &c 
which  the  ancients,  when  besieged,  iuterpoaed  between  their  wads  and  the 
battering  nuns  of  the  besiegers,  in  order  to  break  the  force  of  the  blows. 

The  ram  has  also  been  used  in  a  few  cases  to  raise  water  by  atmos- 
pheric pressure  from  a  lower  level,  so  an  to  discharge  it  at  the  same  level 
with  the  motive  column  or  even  higher.  See  Sij/Aoa  Ram,  in  next  book. 
Tho  device  by  which  Montgoliier  made  the  ram  self-acting,  is  one  of 
the  neatest  imaginable.  It  is  unique  ;  there  never  was  any  thing  like  it 
ui  practical  hydraulics,  or  in  the  whole  range  of  the  arts  ;  and  its  simpli- 
city is  equal  to  its  novelty,  and  useful  effects.  Perhaps  it  may  be  said  that 
he  only  added  a  valve  to  Whitehurst's  machine  :  be  it  so — but  that  sim- 
instantly  changed,  as  by  magic,  the  whole  character  of  the  ap- 
[UB — like  the  mere  change  of  the  cap,  which  transformed  the  Leech 
Hakim  into  Saladin.*  And  the  emotions  of  Cceur  de  Lion,  upon  finding 
his  great  adversary  had  been  his  physician  in  disguise,  were  not  more  ex- 
quisite than  those,  which  an  admirer  of  this  department  of  philosophy  ex- 
periences, when  he  contemplates  for  the  first  time  the  metamorphosis  of 
the  English  machine  by  the  French  Savan.  The  name  of  MontgolRer 
will  justly  be  associated  with  this  admirable  machine  in  future  ages. 
When  all  political  and  ecclesiasdcal  crusaders  are  forgotten,  and  the  me- 
mones  of  all  who  have  hewed  a  passage  to  notoriety  merely  by  the  sword, 
will  be  detested — the  name  of  its  inventor  will  be  embalmed  in  the  recol- 
lections of  an  admiring  posterity. 

The  water  cane,  or  ranM  hydraulique,  raises  water  in  a  different  man- 
ner from  any  apparatus  yet  described.  A  modificatioii  of  it  in  miniature 
has  long  been  employed  in  the  lecture  room,  but  it  is  seldom  met  with  in 
descriptions  of  hydraulic  machines,  it  is  represented  at  No.  170 ;  and 
consists  of  a  vertical  tube,  in  out- 
ward appearance  like  a  walking 
cane,  having  a  valve  opening  up- 
wards at  the  bottom,  and  placed 
in  the  liquid  to  be  raised.  Sup- 
pose the  lower  end  twelve  or  fif- 
teen inches  below  the  surface,  tho 
water  of  course  would  enter 
through  the  valve  and  stand  at 
the  same  height  within  as  with- 
out: now  if  the  tube  were  raised 
3uickly,  but  not  entirely  out  of 
le  water,  the  valve  would  close 
and  the  liquid  within  would  be 
carried  up  with  it;  and  if,  when 
the  tube  was  at  the  highest  point 
of  the  stroke,  its  motion  was  md- 
denlg  reversed  (by  jerking  it  back) 
the  liquid  column  within  would 
t  to  ascend  until  the 
mported  to  it  at  the 
first  was  expended  ;  hence  a  va- 
NaiTO     N*ra.  Kb,  ITS.  cuity  would  be  left  in  the  lowei 

part  of  the  instrument  into  which 
a  Irash  pordon  of  water  would  enter,  and  by  repealing  the  operation  the 
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tube  would  become  filled,  and  a  jet  of  water  would  then  be  thrown  frona 
ihe  upper  orifice  at  every  stroke.  This  effect  obviously  depends  upon  the 
rapidity  with  whith  the  instrument  is  worked,  i,  e.  a  sufficient  velocity 
must  be  given  to  the  water  by  the  upward  stroke  to  prevent  it  descend* 
ing,  till  the  tube  again  reaches  the  lowest  point,  and  consequently  receives 
another  supply  of  water.  The  instrument  should  be  straight  and  the  bore 
smooth  and  uniform,  that  the  liquid  may  glide  through  with  the  least  pos- 
sible obstruction.  As  its  length  must  be  equal  to  the  elevation  to  which 
the  water  is  to  be  raised,  it  is  necessarily  or  limited  application,  and  espe- 
cially so  since  the  whole  (both  water  and  apparatus)  has  to  be  lifted  at 
'.very  stroke — not  merely  the  liquid  that  is  discharged,  but  the  whole 
contents  of  the  machine. 

By  making  the  upper  part  of  the  tube  slide  within  another  that  i^  fixed, 
a  short  part  only  of  the  apparatus  might  then  be  moved,  and  by  connect- 
ing an  air  chamber  as  in  No.  171,  a  continual  stream  from  the  discharging 
onBce  might  be  produced.  A  stuffing  box  should  be  adapted  to  the  ena 
of  the  fixed  tube.  Hachette  suggested  the  application  of  a  spring  pole 
(like  those  used  in  old  lathes)  to  communicate  the  quick  reciprocating  mo- 
tion which  these  machines  require. 

No.  172  represents  another  form  of  the  instrument.  Two  spiral  tubes 
coiled  round  in  opposite  directions  are  secured  to  and  moved  by  a  verti- 
cal shaft.  Their  upper  ends  are  united  and  terminate  in  one  discharging 
orifice;  the  lower  ones  are  enlarged,  and  each  has  a  valve  or  clack 
opening  inwards  to  retain  the  water  that  enters.  By  means  of  the  handle 
A,  which  is  mortised  to  the  shaft,  an  alternating  circular  motion  is  im- 
parted to  the  whole,  and  the  water  thereby  raised  through  these  coiled 
tubes  on  precisely  the  same  principle  as  through  the  perpendicular  ones 
just  described.  Thus,  when  the  handle  is  moved  either  to  the  right  hand 
or  to  the  left,  one  valve  closes,  and  the  water  within  receives  an  impulse 
that  continues  its  motion  along  the  tube  after  the  movement  of  the  latter 
is  reversed  ;  and  by  the  time  its  momentum  is  expended  a  fresh  portion 
of  water  has  entered  that  pre\  ents  its  return.  In  this  manner  all  the  coils 
become  filled,  and  then  every  additional  supply  that  enters  below  drives 
l)efore  it  an  equal  portion  from  the  orifice  above.  This  machine,  there- 
fore differs  from  Nos.  170  and  171  only,  in  being  adapted  to  a  horizon- 
tal instead  of  a  perpendicular  movement.  Each  tube  in  the  figure  forms 
a  distinct  machine,  and  should  be  considered  without  reference  to  the  other 
Their  discharging  orifices  are  united  to  show  how  a  constant  jet  may  be 
produced.  By  making  the  upper  part  turn  in  a  stuffing  box  in  the  bottom 
of  a  fixed  tube,  as  in  No.  171,  water  might  then  be  raised  higher  than  the 
movable  part  of  the  apparatus. 

That  property  by  which  all  bodies  tend  to  continue  either  in  a  state  of 
rest  or  motion^  viz :  inertia,  increases  the  effect  of  these  machines,  for  when 
the  momentum  imparted  to  the  liquid  in  the  tubes  is  exhausted,  inertia 
alone  prevents  it  from  instantaneously  flowing  back,  and  hence  there  is 
time  for  an  additional  portion  of  water  to  enter  at  the  valve.  The  action 
of  the  canne  hydraulique  is  similar  to  that  by  which  persons  throw  water 
to  a  distance  from  a  bucket,  or  a  wash-basin.  The  momentum  given  to 
these  vessels  and  their  contents  carries  the  latter  to  a  distance,  while  the 
former  arc  held  back  or  retained  in  the  hands.  Coals  are  thus  thrown  from 
a  scuttle,  earth  from  a  shovel,  and  it  is  the  same  when  a  traveler  on  a 
galloping  horse,  or  when  drawn  furiously  in  an  open  carriage,  continues 
on  his  journey  after  the  animal  suddenly  stops — his  adhesion  to  his  seat, 
not  being  sumcient  to  resist  the  motal  'inertia  of  his  body. 
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Mar  Uaet  for  raitinf  water  by  fire :  Air  machinet^Aneiont  weather-ylaitM  DilauUon  of  air  by  beat 
tad  ccodensatiou  by  cold— AacieDt  Efyptian  air-machinaa— Statue  of  Hemnoa — Statue*  of  Serapia  and 
the  Bitd  of  Meaiioa — ^Decaaa'  and  Kircher'k  machinery  to  account  for  the  sounds  of  the  Theban  Idol- 
Remarks  OD  the  Statue  of  Memnon— Machine  for  raising  water  by  the  sun's  heiu,  from  Heron— Similar 
machines  in  the  sixteenth  century— Air>macbines  by  Porta  and  Decaus— Distilling  by  the  sun's  heat-  Mu- 
sical air  machines  by  Drebble  andDecaua— Air  machines  acted  on  by  ordinary  fire — Modifications  of  them 
employed  in  ancieut  altars — Bronxe  altars— Tricks  performed  by  the  heathen  priests  with  fire — Others 
by  heated  air  and  vapor— :Bellows  employed  in  ancient  altars — Tricks  performed  at  altars  mentioned  by 
Heron — ^Altar  that  feeds  itielf  with  flame,  from  Heron — Ingenuity  displayed  by  ancient  priests — Secrets 
of  the  temples — The  Spiritalia — Sketch  of  its  contenta— Curious  Lustral  Vase. 

A  separate  book  might  with  propriety  have  been  devoted  to  machines 
which  raise  water  through  tubes  by  means  of  the  weight,  pressure,  mo- 
mentum, or  other  natural  properties  of  liquids,  without  the  necessary  in- 
tervention of  wheels,  cranks,  levers,  &;c.  AVith  such,  those  now  to  be 
described  mi^ht  also  have  been  classed,  since  they  too  require  neither 
external  machinery  nor  force.  They  differ  however  from  pressure- 
engines  and  water-rams,  and  every  other  device  yet  noticed,  in  bringing 
into  action  a  new  element,  viz.  heat  or  ^re.  It  is  by  this  that  the  force 
upon  which  their  movements  depend  is  generated,  viz.  in  the  expansion 
of  elastic  fluids.  There  are  two  kinds  of  these  machines  which  differ  ac- 
cording to  the  fluid  medium  upon  which  the  fire  is  made  to  act.  In  some 
this  is  common  air,  in  others  steam  or  vapor  of  water,  and  sometimes  both 
steam  and  air  have  been  employed.  The  present  chapter  is  appropriated 
to  air  machines.  These  might  be  divided  into  two  classes,  according  to 
the  nature  of  the  heat  employed ;  in  some  this  is  derived  from  the  sun ; 
in  others,  from  ordinary  fire.  Those  in  each  class  might  also  be  arrang- 
ed according  to  that  property  of  the  air  upon  which  their  action  depends, 
viz.  1.  the  force  developed  by  its  expansion;  2.  the  vacuum  formed  by  its 
condensation  ;  3.  those  in  which  both  are  combined.  The  first  might  bo 
compared  to  forcing  pumps,  the  second  to  sucking  or  atmospheric  ones, 
and  the  third  to  those  which  both  suck  and  force  up  the  water. 

It  was  observed  in  the  second  book  (page  176)  that  all  eases  or  aim 
are  expanded  by  heat  and  contracted  by  cold.  A  proof  of  this  is  afforded 
by  the  usual  mode  of  employing  cupping-glasses ;  a  minute  piece  of  cot- 
ton or  sponge  dipped  in  alcohol  is  inflamed  and  placed  in  a  glass ;  upon 
which  the  air  becomes  dilated  or  increased  in  bulk,  so  that  a  great  part 
is  driven  out  to  make  room  for  the  rest ;  the  mouth  of  the  instrument  is 
then  applied  to  the  place  from  which  blood  is  to  be  withdrawn;  the  flame  of 
the  cotton  is  thereby  extinguished  and  as  the  remaining  air  becomes  coo] 
it  cannot  resume  its  previous  state  of  density,  and  consequently  a  vacuity 
or  void  is  left  in  the  glass.  Plumbers  sometimes  make  small  square  b(»xes 
of  sheet  lead ;  and  on  soldering  in  the  covers  the  temperature  of  the 
contained  air  is  so  greatly  increased,  that  before  the  soldering  is  completed 
a  large  portion  is  expelled,  and  when  the  boxes  become  cool  every  side 
is  found  slightly  collapsed.     This  result  is  the  required  proof  of  the  vet 
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»els  being  tight.  Now  it  is  clear  that  if  a  communication  was  opened  by 
a  tube  between  the  interior  of  one  of  these  boxes  and  a  vessel  of  water 
placed  a  few  feet  below,  that  the  liquid  would  be  forced  into  it  (by  the 
umosphere)  until  the  contained  air  occupied  no  greater  space  than  it  did 
before  any  part  was  driven  out  by  the  heat.  This  mode  of  raising  liquids 
may  be  illustrated  at  the  tea-table  :  Let  a  saucer  be  half  filled  wiib  cold 
water,  hold  an  inverted  cup  just  over  it  and  apply  for  a  moment  a  small 
slip  of  lighted  paper  to  the  interior  of  the  cup,  drop  the  paper  on  the 
water  and  cover  it  with  the  cup,  when  the  liquid  contents  of  the  saucer 
will  be  Snstantly  forced  up  into  the  inverted  vessel. 

If  an  inverted  glass  siphon  be  partly  filled  with  wa£er  and  the  orifice 
of  one  leg  be  then  closed  and  that  leg  be  held  to  the  nre,  the  air  expand- 
ing will  drive  out  the  liquid  and  cause  it  to  ascend  in  the  other  leg. 
Several  philosophical  instruments  illustrate  the  same  thing.  Previous  to 
the  discovery  of  atmosphenc  pressure  and  the  invention  of  the  barometer, 
the  expansion  of  air  by  heat  was  the  principle  upon  which  the  ancient 
weather  glasses  were  constructed.  They  were  made  in  great  vanety. 
The  simplest  consisted  of  a  glass  tube  having  a  bulb  blown  on  the  closed 
end.  It  was  held  over  a  fire  to  dilate  the  air,  and  the  ooen  end  was 
then  plunged  into  a  vessel  of  water.  Its  construction  was  the  same  as  the 
modern  barometer.  Variations  in  the  temperature  and  density  of  the 
atmosphere  caused  the  water  to  rise  and  fall  in  the  tube,  as  the  contained 
air  was  dilated  and  contracted,  and  thus  changes  in  the  weather  were 
indicated.  From  these  instruments  the  barometer  received  its  former  name 
of  "  the  weather  glass."* 

The  degree  of  elevation  to  which  water  can  be  thus  raised  depends 
upon  the  temperature  to  which  the  contained  air  is  subjected ;  its  dilatation 
or  increase  of  bulk  being,  according  to  some  authors,  in  common  with 

*  The  following  extract  from  a  book  published  ten  years  before  the  disco  very  of  at* 
mospheric  premiare,  may  intere^it  some  readers.  Although  the  instrnmeDts  to  which  it 
refers  are  no  longer  in  use,  they  ought  not  to  be  entirely  forgotten. 

"  A  weatlier-glasse  is  a  structure  of  at  the  least  two  glasses  [a  tube  and  the  vessel 
containing  the  water]  sometimes  of  three,  foure,  or  more  as  oecaoion  serveth,  inclosing 
a  quantity  of  water,  and  a  porcion  of  ayer  proporcionabie ;  by  whose  coudeusacion 
or  rnrifaction  the  included  water  is  subject  unto  a  continual  mocion,  either  upward  or 
downward  ;  by  which  Mocion  of  the  water  is  commonly  foreshown,  the  state,  change, 
and  alteracion  of  the  weather ; — ^for  I  speak  no  more  than  what  my  own  experience  hath 
made  me  bold  to  affirm  ;  you  may  (tiie  time  of  the  year,  and  tlie  following  observacions 
understandingly  considered)  bee  able  certainly  to  foretell  the  alteraciou  or  uucertainty 
of  the  weather  a  good  many  hours  before  it  come  to  pass. 

There  are  divers  several!  fashions  of  weather-glasses,  but  principally  two.  1.  The 
circular  glasse.  2.  The  perpendicular  glasse.  The  perpendiculars  are  either  single, 
double  or  treble.  The  single  perpendiculars  are  of  two  sorts,  either  fixt  or  moveable: 
The  fixt  are  of  contrary  oiialiiies  ;  either  such  whose  included  water  doth  move  upward 
with  cold,  anddownwara  with  heat,  or  else  upward  with  heat  and  downward  with  cold. 
In  the  double  and  treble  perpendiculars,  as  the  water  ascendeth  in  one,  it  deacendeth  as 
much  or  more  in  the  other.  In  the  moveable  perpendiculars,  the  glasse  being  artificially 
hanged,  it  moveth  up  aud  down  with  the  water." 

The  author  then  describes  the  various  kinds  mentioned  aud  tells  his  reader  "  if  you  do* 
well  obser\'e  the  form  of  the  figures  you  cannot  go  amisse."  He  also  gives  directions  for 
making  coloured  water  for  the  tubes,  such  as ''  may  be  both  an  ornament  to  the  work  and 
delectable  to  the  eye."  Treatise  on  Art  and  Nature,  A.  D.  1633  or  4.  See  account  of  this 
^ok  page  321.  A  modification  of  an  air-glass  may  be  found  in  the  Forcible  Movements 
of  Decaus,  (plate  viii,)  which  he  names  an  Engine  thai shaU  mote  of  iudf.  Lord  Bacon, 
in  whose  time  these  air  glasses  were  common,  presented  what  appears  to  have  been  an 
improved  one  and  of  his  own  invention,  to  the  Earl  of  Essex,  who  it  is  said,  was  so  capti- 
yated  wiu«  it  that  he  presented  the  donor  with  Twickenham  Park  and  its  garden,  as  a 
place  for  his  studies.  The  instrument  was  named  '  A  secret  euriosUy  of  nature,  toherebif  to 
inoid  the  season  tfeverf  hoar  of  the  ffear,  by  a  Pkilosouhkal  Glass,  plaeed  (loith  a  stttaUpropoi^ 
turn  qfwatet  "^ina  chamber.    An  account  of  Lord  Bacon's  Works,  London,  1  (>79. 
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other  peitnanendy  elastic  fluids,  in  a  geometrical  progression  to  equal  in 
cremcnts  of  heat.  A  volume  of  air  at  ordinary  temperatures  is  increased 
over  one  third,  if  raised  to  212^  Fahrenheit.  At  the  fusing  point  \.i  lead 
(about  600^)  it  is  more  than  doubled,  and  at  the  heat  of  1100°,  it  would 
be  tripled.  Let  a  small  glass  tube  be  attached  to  the  neck  of  a  Florence 
flask,  and  heat  both  in  boiling  water ;  if  the  end  of  the  tube  be  then  placed 
in  mercury,  the  latter  will  as  the  air  becomes  cooled  rise  in  the  tube,  to  the 
height  of  ten  inches— equal  to  about  eleven  feet  of  water.  I  f  they  were 
heated  to  600°  it  would  rise  to  fifteen  inches  ;  and  if  to  1100°  to  twenty- 
one  or  two  inches.  We  have  connected  a  tube  to  the  mouth  of  a  common 
quart  bottle,  and  after  heating  the  latter  over  a  fire,  placed  the  end  of 
the  tube  in  mercury,  and  on  removing  the  whole  to  the  open  air,  then  at 
50°,  the  mercury  in  a  few  minutes  rose  to  sixteen  inches ;  hence  rather 
more  than  one  half  of  the  air  had  been  expelled  by  the  heat.  These 
effects  take  place  when  the  enclosed  air  is  dry  *  but  if  it  be  moist,  or  if  a 
drop  or  two  of  water  be  in  the  vessel,  the  results  are  greater,  because  the 
vapor  of  the  liquid  would  alone  fill  or  nearly  fill  the  vessel  and  would 
drive  out  a  corresponding  quantity  of  air. 

This  mode  of  creating  a  vacuum  and  raising  water  by  the  dilatation  and 
condensation  of  air  is  now  seldom  used,  because  superior  results,  as  just 
intimated,  are  obtained  from  steam  and  with  less  expense.  Air  machines 
are  however  interesting  in  several  respects.  They  are  among  the  earliest 
examples  of  elastic  fluids  being  employed  as  a  moving  power,  induced  by 
alternate  changes  of  temperature.  They  constitute  the  first  link  in  that 
chain  of  devices  that  has  now  terminated  in  the  steam  engine,  but  which 
will  probably  be  prolonged  through  future  ages  by  the  addition  of  even 
more  eflicient  mechanism.  In  this  view  of  the  subject,  air  machines  will 
connect  the  researches  and  inventions  of  antiquity,  in  the  development  and 
applications  of  the  most  valuable  because  most  pliable  of  all  motive  forces, 
with  every  improvement  future  engineers  may  make  to  the  end  of  time. 

The  oldest  air-machines  known  were  made  in  Egypt,  and  the  oldest 
account  extant  of  such  devices  is  also  derived  from  that  country,  viz.  from 
the  Spiritalia,  It  is  also  worthy  of  remark  that  they  are  associated  by 
Heron  with  other  devices  of  the  priesthood,  for  exciting  wonder  and  per- 
forming prodigies  before  the  people ;  thus  aflbrding  a  collateral  proof  that 
occupants  of  the  ancient  temples  at  Thebes,  Memphis  and  Heliopolis 
were  intimately  acquainted  with  the  principles  of  natural  philosophy; 
and  fully  capable  of  teaching  those  who  flocked  to  them  for  information, 
from  Greece  and  neighboring  countries.  There  is  a  circumstance  too 
that  indicates  a  more  thorough  and  practical  acquaintance  with  the -me- 
chanical properties  of  elastic  fluids,  and  the  means  of  exciting  those  pro- 
perties than  might  at  first  be  supposed,  viz.  in  the  substitution  of  the 
Bun*s  heat  for  that  of  ordinary  fires.  This  seems  to  have  been  adopted  in 
cases  where  the  miracle  to  be  wrought  could  not  be  accomplished  by  the 
latter  without  danger  of  detection,  or  when  it  could  not  be  so  secretly 
eflected,  or  could  not  be  performed  with  such  imposing  efiect.  Of 
this,  the  vocal  statue  on  the  plain  of  Thebes  is  an  example.  This  gi- 
gantic idol  saluted  the  rising  sun  and  continued  to  utter  sounds  as  lon^  as 
the  solar  beams  M'ere  shed  over  it,  and  while  surrounded  by  the  myriads 
that  w^orshipped  at  its  shrine.  Now  these  sounds 'were  produced,  accor- 
ding to  Heron,  by  the  dilatation  of  air,  or  by  vapor  evolved  by  the  sun's 
heat  from  water  contained  in  close  vessels,  that  were  concealed  in  or  con- 
nected to  the  base  of  the  statue,  and  exposed  to  the  solar  rays.  The 
expanded  fluid,  it  is  supposed,  was  conveyed  thr^^ugh  tubes  whoso  orf^cos 
were  fashion  3d  to  produce  the  required  sounds 
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Cambysos  desirous  of  ascertaining  the  concealed  mechanism,  it  is  sai  •, 
broke  the  statue  from  the  head  to  the  middle.  According  to  some  writem 
he  discovered  nothing ;  while  others  mention  an  opinion  prevalent  among 
the  Egyptians  that  the  image  previously  uttered  the  seven  mysterious 
vowels,  but  never  afterwards.  Strabo  has  recorded  a  tradition  tiiat  the  in* 
jury  was  caused  by  an  earthquake.  He  visited  Egypt  in  the  first  century, 
and  remarks,  that  early  one  morning  as  he  and  Gallus  the  prefect,  with  many 
other  friends,  and  a  large  number  of  soldiers  were  standing  by  the  statue, 
they  heard  a  certain  sound,  but  could  not  determine  whether  it  came  from 
the  trunk  or  the  base ;  there  was  however  a  prevailing  belief  that  it  pro- 
ceeded from  the  latter  or  its  vicinity.  The  sounds  finally  ceased  in  the 
fourth  century,  when  Christianity  became  established  in  the  country. 
Some  authors  have  supposed  two  different  devices  were  employed  ;  one 
previous  to,  and  the  other  subsequent  to  the  mutilation  of  the  statue  ;  and 
that  one  or  both  consisted  of  springs,  &c.  on  the  principle  of  some  of  the 
speaking  heads  of  the  middle  ages.  Heron,  however,  who  must  have 
been  familiar  with  the  image  and  the  sounds  uttered  by  it,  attributed  the 
latter  to  air  or  vdpor,  evolved  and  expanded  by  solar  heat ;  so  that,  how- 
ever we  may  speculate  on  the  subject,  in  his  opinion  the  Pharaonic  priest- 
hood were  well  acquainted  with  the  dilatation  and  contraction  of  airs  by 
heat  and  cold,  and  with  various  modes  of  employing  them.  Moreover, 
the  movements  of  the  famous  statue  of  Serapis  and  also  those  of  the  Bird 
of  Memnon  (an  image  which  we  have  previously  mentioned)  were  also 
produced  by  air  or  vapor  dilated  by  the  sun's  heat ;  and  we  shall  present- 
ly see  that  tricks  on  the  same  principle  were  frequently  performed  at  an- 
cient altars. 

Mode>*n  expositions  of  the  mechanism  or  supposed  mechanism  of  the 
Theban  Idol  are  derived  from  the  Spiritalia.  That  of  Decaus  consists 
of  a  close  vessel,  of  the  form  of  a  pedestal,  having  a  partition  across  it  by 
which  two  air-tight  compartments  are  formed.  One  of  these  is  half  filled 
with  water  and  exposed  to  the  solar  rays — the  other  contains  air  and  to 
its  upper  part  are  connected  two  orffan  pipes  or  reeds  that  comnjunicate 
witli  the  statue.  A  communication  is  formed  between  the  two  compart- 
ments by  a  siphon,  the  legs  of  which  are  inserted  at  the  top  and  descend 
nearly  to  the  bottom  of  each  compartment.  Thus  when  the  sun  warmed 
the  vessel  containing  water,  the  air  and  vapor  within,  became  expanded 
and  pressing  on  the  surface  of  the  liquid  forced  part  of  the  latter  through 
the  siphon  into  the  other  compartment,  by  which  a  corresponding  portion 
of  air  was  forced  through  the  organ  pipes.  A  figure  and  details  of  this 
apparatus  form  the  23ra  plate  of  Decaus'  Forcible  Movements.  Pausa- 
nias  and  some  other  ancient  authors  compared  the  sounds  to  those  produ- 
ced by  the  vibration  of  harp  strings ;  and  Ji»venal,  who  was  exiled  to 
Egypt  by  Domitian,  seems  to  have  been  of  the  same  opinion. 

-     -     -  when  the  radiant  beam  of  morning  rings 

On  shatterM  Memnon's  still  harmonious  strings. — ^xv.  Sat, 

Hence  Rircher  in  his  explanation,  instead  of  conveying  the  rarefied  air^ 
or  vapor  through  a  wind  instrument,  made  it  act  against  the  vanes  of  a 
wheel,  as  in  Branca's  steam  machine,  and  as  the  wheel  was  thus  blown 
round,  a  number  of  pins  attached  to  its  periphery  struck  a  series  cf  wires 
60  arranged  as  to  receive  the  blows.  A  figure  of  this  device  is  inserted 
in  his  CEdijftM  ^gyptiacus,     Rome,  1652,  Tom.  iii,  page  326. 

Whatever  ihe  device  was,  it  seems  to  have  been  as  admirable  in  its 
execution  and  the  disposition  of  the  mechanism,  as  in  its  conception.  We 
are  not  certain  tliat  it  was  ever  fully  undei stood  except  by  the  priests  of 
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the  adjoining  temple.  The  Romans  do  not  appear  to  hnrc  Iiad  suAcicnl 
curi<>si[y  to  give  it  a  critical  examinatioo.  What  a  contrast  it  forms  witli 
some  modem  wonders !  Theae  have  puzzled  people  only  whilo  exami- 
nation was  prohiUited — while  access  to  them  was  denied,  as  the  chess- 
player of  Kempelen  j  but  the  colossal  android  of  Thebes  defied  tlie  scruti- 
ny of  the  world  through  unknown  periods  of  time.  In  it,  the  old  priesti 
of  Egypt  have  sent  down  a  surprising  specimen  of  their  nkill.  We  know 
from  Ihe  Bible  that  they  had  a  profound  knowledge  of  Natural  Magic  ; 
i.e.  of  the  applications  of  science  to  purposes  of  deception,  and  this  statue 
conlirmB  the  scriptural  account : — it  shows  us  what  an  amou.it  of  labor 
and  ingenuity  was  expended  in  the  fabrication  of  idols,  and  to  what  a 
prodigious  extent  the  ancient  systems  of  delusion  were  carried — how  the 
very  magnitude  and  even  tublimity  of  the  imposLures  were  calculated  to 
bear  down  the  intellect  and  establish  an  unshaken  belief  in  the  communion 
of  the  priests  with  the  gods. 

If  a  close  metallic  vessel  containing  water  be  exposed  to  the  sun,  the 
air  in  the  upper  part  will  become  dilated  by  the  heat  and  may  bo  employ- 
ed to  raise  the  water:  for  if  a  tube  be  inserted  at  the  top,  and  the  lower 
end  reach  nearly  to  the  bottom,  the  elasticity  of  the  air  will  be  expended  in 
forcing  the  liquid  up  the  tube  and  to  an  elevation  according  to  the  increasa 
of  its  temperature.  A  device  of  this  kind  is  described  by  Heron  which 
u  reoresenled  in  the  annexed  cut 

On  the  lid  of  a  box  or  cis< 
tern  containing  water  is  placed 
a  globe,  also  partly  filled  wita 
the  same  fluid.     A  pipe  lisea 
from  the  cistern  to  about  the 
centre  of  the  globe.    Another 
pipe  through  which  the  water 
la  to  be  raised  proceeds  from 
near  the  bottom  of  the  globe 
and  terminates  over  a  vase  or 
cup,  which  communicates  with 
the   cistern    as    represented. 
When  the  sun  beams   fall  on 
the  globe,  the  air  within  isra- 
relied  and    by  its  expansion 
forces  the  water  through  the 
No.  113.  kuMint  Waur  ky  itae  Sun.  FrDiaH«oi>.       pipe   Into  the  vase,  through 
which  it  descends  again  into 
the  cistern.     When  the  sun  beams  are  withdrawn  and  the  surface  of 
the  gliibe  becomes  cool,  a  partial  vacuum  Is  formed  In  the  globe,  and  tha 
pressure  of  the  atmosphere  then  drives  a  fresh   portion  into  it  from  the 
cistern  below  ;   when  it  is  again  ready  to  be  acted  on  by  the  sun  as  before. 
In  addition  to  the  air,  at  lirst  contained  in  the  globe,  a  quantity  .  f  vapor 
or  low  steam  would  be  evolved  by  the  heat  and  contribute  g"eat!y  to  the 
result.     The  cistern  represents  an  open  reservoir  which  may  ue  at  a  dis- 
tance from  the  globe,  and  the  vase  merely  exhibila  the  place  of  discharge 
— having  no  necessary  connection  with  the  reservoir.     The  apparatus  as 
a  model,  is  figured  just  as  philosophical  instruments  still   are.      Thus  in 
modern  books,  a  pump  (for  example)  Is  often  shown  as  discharging  water 
into  the  reservoir  from  which  it  raises  iL     We  make  these  remarks   be 
cause  some  persons  are  too  apt  to  consider  these  ancient  figures  as  literal 
representations  of  wurking  machines,  whereas,  they  were  designed  merely 
to  illustrate  lUe  principles  upon  which  th«  toovements  depended;  and  u 
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Bpecimens  from  which  others  for  practical  purposes  misht  be  deduce<L 
It  is  quite  a  common  remark  in  old  authors,  after  describing  a  device,  to 
observe  that  various  machines  for  other  purposes  may  be  derived  from  it, 
and  excuse  themselves  for  not  pointing  out  particular  modes  of  doing  this, 
because  they  considered  them  too  obvious  to  require  it. 

Whether  such  modes  of  raising  water  were  practised  in  Europe  previ- 
ous to  the  sixteenth  century,  we  have  no  means  of  ascertaining;  but  in  the 
middle  of  that  and  the  beginning  of  the  following  one  they  are  frequently 
to  be  met  with  in  old  authors. 

Baptist  Porta,  in  his  Natural  Magic,  after  describing  a  method  of  rai««- 
ing  water  from  the  bottom  to  the  top  of  a  tower,  by  means  of  a  vacuum 
formed  by  water  flowing  from  a  close  vessel ; — next  proposes  a  mode  of 
accomplishing  the  same  object  **  by  Jicat  aloTie.**  A  close  vessel  of  brass 
was  to  be  placed  upon  the  tower,  having  a  pipe  connected  to  its  upper 
part  and  extending  down  to  the  water  to  be  raised  ;  the  orifice  being  a 
short  distance  below  the  surface.  The  vessel  was  ihen  "  to  be  made 
hot  by  the  sun,  orjire"  to  rarefy  the  contained  air  and  expel  a  portion  of  it 
through  the  pipe.  As  the  vessel  grows  cold,  he  observes,  the  remaining 
air  is  condensed,  and  because  it  cannot  then  fill  the  vacuity,  "  the  M'ater  is 
called  in  and  ascends  thither."*  (Book  xix.  chap.  3.)  He  does  not  men- 
tion the  height  of  the  tower  because  the  philosophers  of  that  age  had  no 
idea  that  the  elevation  to  which  water  would  ascend  into  a  vacuum  had 
any  limits — and  hence  in  another  part  of  the  same  work  Porta  uses  the 
following  language — "  A  vacuum  is  so  abhorred  by  nature  that  the  world 
would  sooner  be  pulled  asunder  than  any  vacuity  can  be  admitted." 
(Book  xviii.  chap.  1.)  There  is  another  passage  in  the  5th  chapter  of  the 
19th  Book,  from  which  it  seems  that  he  employed  the  elasdce  force  of 
air  or  steam,  or  a  mixture  of  both  as  in  No.  174— and  generated  either  by 
the  heat  of  the  sun,  or  by  tliat  of  lamps  or  candles,  as  shown  at  No.  189. 

After  describing  a  fountain  of  compression,  which  he  exhibited  to  some 
of  the  great  Lords  of  Venice,  and  the  operation  of  which  he  says  caused 
great  surprise  as  there  was  no  visible  cause  for  die  water  flying  so  high- 
he  continues,  "  I  also  made  another  place  near  this  fountain  that  let  in  light, 
and  when  the  air  was  extenuated,  so  long  as  any  light  lasted  the  fountain 
threw  out  water,  which  was  a  thing  of  much  admiration,  and  yet  but  little 
labor."     This  passage  is  probably  imperfectly  translated. 

No.  174,  on  the  next  page,  forms  the  9th  plate  attached  to  the  "  Forcible 
Movements"  of  Decaus.  (Translated  by  Leak,  London,  1659.)  It  exhi- 
bits an  extension  of  Heron's  machine  already  noticed,  (No.  173.)  Decaus 
says  *'  this  en^ne  hath  a  great  effect  in  hot  places  as  in  Spain  and  Italy.' 

Four  air  tight  copper  vessels,  a  foot  square  and  S  or  9  inches  deep,  are 
60  arranged  that  the  sun  may  shine  strongly  upon  them.  A  pipe,  having 
a  valve  o,  opening  upwards,  communicates  with  the  lower  part  of  each,  to 
supply  them  with  water  from  the  spring  below.  Another  pipe  passes 
over  the  upper  surfaces,  having  branches  which  descend  nearly  to  the  bot- 
tom of  each  vessel.  A  valve  is  also  placed  in  this  pipe,  from  the  upper 
end  of  which  the  jet  of  the  fountain  issues.  At  the  conimencement,  each 
vessel  is  about  one  third  filled  with  water,  through  openings  on  the  top, 
which  are  then  plugged  up.  **  Then  the  sun  shining  upon  the  said  en- 
gine shall  make  an  expression  by  rarefying  the  enclosed  air  and  force  the 

*  Natural  Maoick  in  tioenty  hooks  by  John  Baptist  PortOt  tcAereii*  are  setforiltaUthe  rkkd 
and  delights  of  the  Natural  Sciences.^* — ^London,  lG5d. 

It  contains,  beside  a  multitude  of  absurd ities,  many  ingenious  devices.  The  IromlM, 
CAfiiera  obHCura.  air  ^iin,  repeating  guns,  air  tubes,  ear  truuipets,  &e.  &c.  are  described 
l'l\o  work  was  fint  published  in  1560. 
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to  licw  out  afi  in  the  figai .-.     And  after  the  heat  of  the  Jay  is  pasi 
ii  the  ni^ht  shall  come,  the  vessels  shall  draw  the  water  of  the 
ri  [spring]  \>y  the  pipe  and  sucker  [lower  valve]  and  shall  fill  the 
[s  as  belote.      .......      And  you  must  observe  thai  the  two 

rs  [valves]  must  be  made  very  light  and  likewise  very  Just,  so  ai 
aler  may  not  descend  by  tliem  after  it  ia  raised." 


An  improvement  upon  ilie  preceding  machine  is  next  given  by  Decaus. 
The  form  of  the  vessels  is  altered,  and  double  convex  lenses  or  "  burning 
glasses"  are  so  arranged  on  their  covers  as  to  coilcct  "  the  raies  of 
Uie  aun  within  the  said  vessels,  the  which  will  cause  a  great  heal 
to  the  water,  and  by  that  means  make  it  spring  forth  with  great  abun- 
dance, and  also  higher  if  it  be  required."  (See  the  figure  below.)  It  is, 
we  think,  in  the  range  of  probability  that  the  heat  of  the  solar  rays  maji 
yet  be  applied  in  some  situations  to  ruse  water  with  effect 


No.  17^    Air  Bnginq,  tnm  D«e«iL 

Whether  this  application  of  lenses  "  to  encrease  the  force  of  the  sun' 
in  aJr  enginei,  was  a  device  of  Decaus,  we  know  not.     The  idea  hownvei 
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would  nataralljf  occur  to  any  engineer  ol"  the  time,  engBged  on  ihe  im 
provement  of  such  machines,  btcause  distilling  by  the  sun  both  with  len- 
«eff  and  wilhout  them  was  a  common  practice  with  chemiste  in  tl:at  a^ 
and  some  ccnturieB  before.  Baptist  Porta  described  the  process  in  ihe 
tenth  book  of  his  Naiwal  Magib,  and  observes  that  "  the  waters  extract- 
ed by  the  sun  are  the  best,"  See  also  Maiimi  Raslique,  Paris,  1574, 
page  211.  Klrcher's  Mundus  SuUerraneut,  Tom.  ii,  39S.  Other  au- 
tliors  also  describe  the  application  both  of  convex  and  concave  lenses  to 
concentrate  the  solar  rays  on  distilling  vessels ;  a  practice  probably  as  old 
as  the  time  of  Archimedes,  or  even  older.  We  give  an  extract  from  an 
English  translation  of  one  of  Gesner's  works,  who  died  in  1545. 

"  Further,  although  that  the  Chimisticke  authours  doe  teach  and  shew 
diverse  fashions  of  distilUng  by   ascension,   yet  may   all  these   waies  be 

brought  into  three  orders. The  first  manner  is,  when  wo 

distill  anie  liquide  substance  or  flowers  in  the  sunne  by  force  of  his  heate. 
.......  The  singular 

man  Adam  Louder,  in  his 
treadse  on  the  arte  of  dis- 
tilling,   setteth    forth    an 
easie   maner   of    distilling 
by  the  heate  of  the  sunne 
beames  -----  and   the 

same  U  to  he  wrought  on 
this  wise :  take,  saith  Lou- 
cier,    a   hollowe    burning 
glasse,      which      directlie 
place    tomirde    the     hole 
beames  of  the  sunne,  after 
I      {betweene    the  beams    of 
the  sunne  and  the  buming- 
glasse,)  set  the  glass  bodie 
NtiTfl    ii[niUiBri>rtiMBon'>HMt.  [Retort]  -   -   -   -   m  such 

manner,  that  the  beames 
of  the   bote  sunne  falling  into  the  hollow  glasse,  maie  so  beate  bucke 
and   extende  to  the  glasse  bodie  with  the   proper  matter  (as  to  the  object 
standing  righte  against)  -  -  -  -  as  more  livelie   appeareth   by  this  figure 

here  described."' 

Air  dilated  and  vapor  evolved  by  the  sun's  heat  were  also  used  to  pro- 
duce music  in  the  middle  ages,  a  device  which  oflen  caused  rhat  celestial 
melody  which,  like  the  harp  of  Dunstan,  acquired  for  its  authors  a  repu- 
tation, sometimes  of  superior  sanctity,  and  at  others  of  dealing  with  the 
wicked  one.  The  musical  machine  of  the  famous  Drehble,  according  to 
Bishop  Wilkins,  was  of  this  kind:  i.  e.  a  modificadon  of  the  supposed  one 
in  the  Statue  of  Memnon.  Drebble's  machine,  says  the  fiishop,  "  would 
of  itself  render  a  soft  and  pleasant  harmony  when  exposed  to  the  sun'a 
rays,  but  being  removed  into  the  shade  would  presently  become  silent. 
Tbo  reason  oiit  was  this;  the  warmth  of  the  sun  working  upon  some 


JiciM  nUltt,  Ihe  v$e  and  pnparatimt  ofataiitumji,  and  poUMt  getd,  gelhertd  cM  of  Che  Uiil 
and  mo$t  apjmntd  railiuim,  by  Ihal  txc^Utit  Doclor  Ctstitna.  Alio  Iht  piauret  and  maner 
<0  makt  tlu  ttatU.  famaceM  and  alhtr  imCrammtt  lAemnto  bdonging-  A'etriy  corrtdtd 
and  puiliiied  tm  EnglfMhe,  bf  Qtorgt  Bakar,  mt  efAt  Qtwcnu  fS'^atit$  chi^t  CiMWgiBni 
MordJMiF.    LMMtoi,  £li»E  IrfClcr,  Io99. 
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moisture  Mitbin  it,  and  rarefying  the  inward  air  tinto  so  great  an  extension 
that  it  must  needs  seek  for  v  3nt  or  issue,  did  thereby  give  several  motions 
unto  the  instrument."     (Math.  Magic,  Book  ii,  chap.  1.) 

Decais,  besides  his  explanation  of  the  vocal  statue  of  Egypt,  has  given 
a  description  of  a  mv^ical  summer ^  a  device  apparently  similar  to  Dreb- 
ble's ;  and  in  the  twenty-second  plate  of  his  work  he  has  figured  another 
which  Switzer  has  copied  into  his  system  of  hydrostatics. 

The  heat  of  the  sun  is  too  uncertain  to  be  relied  upon  in  those  pro- 
jects that  require  immediate  and  certain  results.  During  the  evening, 
night,  and  early  dawn,  nothing  could  be  effected ;  and  even  in  mid-day, 
clouds  and  showers  often  intercept  or  divert  the  rays  :  moreover  a  ma^ 
chine  when  placed  so  as  to  be  heated  directly  by  the  sun,  soon  experien- 
ces a  diminution  of  its  influence  by  the  motion  of  the  earth.  Those  rays 
which  fall  directly  upon  it  becoming,  in  consequence  of  this  modem, 
oblique.  These  and  other  unfavorable  circumstances  are  common  to  most 
countries  where  the  solar  heat  is  sufficiently  intense,  while  in  others  it  is 
too  feeble  to  be  used  with  effect ;  hence,  in  the  temperate  zones,  within 
which  the  arts  have  at  all  times  been  chiefly  cultivated,  the  application  of 
ordinary  fire  has  superseded,  for  nearly  all  practical  purposes,  that  derived 
from  the  sun.  In  some  parts  of  the  earth  saline  waters  are  concentrated, 
and  salt  produced  by  the  heat  of  the  glowing  orb  of  day,  but  for  every 
thing  like  the  devices  belonging  to  our  subject  it  is  now  seldom  employed, 
if  at  all. 

The  oldest  applications  of  fire  to  raise  liquids  are,  singularly  enough, 
also  to  be  found  among  the  philosophical  tricks  of  ancient  priests,  and 
among  the  prodigies  which  they  performed  at  the  altar  itself.  The  selec- 
tion 01  altars  for  such  displays  was  natural,  because  it  was  at  them  the  will 
of  the  gods  was  more  particularly  expected  to  be  made  known.  It  must 
not  be  supposed  that  ancient  altars  were  all  simple  structures  of  wood, 
stone,  brick,  or  marble  ;  on  the  contrary,  many  of  them  were  elaborately 
designed,  and  constructed  entirely  of  metal.  Every  one  knows  that 
bronze  or  brazen  altars  are  of  frequent  occurrence  in  the  Old  Testament, 
and  the  descriptions  of  some  prove  them  to  have  been  splendid  specimens 
of  workmanship  and  design.  The  altar  for  "  burnt  offerings,"  being  up- 
wards of  eight  feet  square  and  five  deep,  was  covered  with  plates  of 
brass.  The  grate,  fire  place,  vessels,  &c.  were  also  of  the  same  material. 
One  of  the  numerous  brazen  altars  built  by  Solomon  was  an  extraordinary 
affair,  being  twenty  cubits,  or  thirty-three  feet  square,  and  sixteen  feet  high. 
The  large  number  of  victims  consumed  on  it  and  the  necessary  fires  ac- 
count for  these  dimensions. 

As  some  of  the  most  effectual  frauds  were  consummated  at  and  by 
means  of  altars,  the  civil  governors  of  the  heathen,  and  some  of  the  worst 
princes  of  the  Jews,  made  use  of  them  for  the  performance  of  state  tricks, 
to  intimidate  the  people  and  subdue  them  to  their  will.  In  such  matters 
a  collusion  between  the  priests  and  statesmen  of  antiquity  is  very  obvi- 
ous. (By  a  similar  combination  of  church  and  state  it  is  that  the  people 
of  Europe  are  still  oppressed.)  When  Themistocles  could  not  otherwise 
carry  out  his  measures,  he  did  not  fail  to  make  the  oracles  interfere.  There 
are  some  interesting  particulars  in  2d  of  Kings,  chap.  xvi.  respecting  a 
brazen  altar  which  Ahaz  examined  at  Damascus,  and  an  exact  copy  of 
which  he  had  made  and  erected  in  Jerusalem.  It  evidently  was  of  a  no- 
vel construction  and  was  probably  designed  for  working  pretended  mira- 
cles for  state  purposes,  for  it  was  among  those  destroyed  by  his  son  He- 
■ekiah.  Mcmtfaucon  in  the  supplement  to  his  antiquities  aescril^s  soma 
sir  g alar  altars,  and  among  others,  one  on  which  an  eagle  was  made  sud* 
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(lonly  lo  nsc  as  in  the  act  of  flying  away.     This  he  obsorveg  was  effected 
by  machinery  moved  by  a  person  appointed  for  the  purpose. 

There  are  numerous  intimations  in  history  of  frauds  practiced  at  altars 
by  fire,  and  by  water  and  other  liquids.  We  shall  notice  a  few  here,  anci 
otliers  in  the  next  chapter.  A  very  ancient  tradition  taught  that  those 
were  the  greatest  gods  vhat  answered  their  worshippers  by  fire.  This 
was  a  prevailing  belief  among  the  ancient  heathen,  and  hence  the  ingenuity 
of  the  priests  was  particularly  exercised  in  devising  means  to  produce  a 
spontaneous  or  "  divine  fire,"  to  consume  the  sacrifices.  Servius,  a  Roman 
writer,  affirms  that  in  ancient  times  fire  was  never  kindled  on  the  altars, 
but  was  drawn  down  from  heaven  by  prayers.  Solinus  another  Roman 
author,  who  wrote  in  the  first  century,  speaks  of  one  in  Sicily  upon  which 
the  fuel,  though  ever  so  green,  would  kindle  of  itself  if  the  sacrifice  was 
acceptal>le  to  the  gods.  Jpausanius  relates  an  example  of  which  )  e  was 
a  witness.  Some  of  the  devices  are  known.  When  the  victim  was  laid  on 
the  altar  and  the  fuel  ready  to  be  kindled,  a  libation  of  wine  or  oil  was 
poured  upon  it ;  streams  of  the  liquid  trickled  through  fissures  or  secret 
channels  into  a  pan  of  coals  concealed  below,  and  instantly  the  sacrifice 
was  enveloped  ir;  flames,  and  the  desired  proof  of  its  acceptance  given. 
At  other  times  naptha,  a  mineral  oil  that  takes  fire  on  being  exposed  to  thd 
air,  was  adroitly  aropt  on  the  fuel  by  the  priests  as  they  officiated.  This 
is  the  substance  by  which  Medea  is  supposed  to  have  destroyed  Creusa, 
by  impregnating  with  it  the  enchanted  gown  which  she  presented  to  her. 
When  Creusa  had  put  it  on  and  was  approaching  the  aftar,  it  burst  into 
flames,  and  she  expired  in  excruciating  torments.  The  Druids  had  the 
art  of  kindling  without  fire  a  sulphurous  substance  by  which  they  struck 
terror  into  their  enemies.  There  are  presumptive  proofs  that  both  they 
and  the  priests  of  De'iphos  had  gunpowder,  with  which  they  imitated 
thunder  and  lightning ;  and  this  accords  with  a  remark  of  Pliny,  in  the 
second  book  of  his  Natural  History,  (chap.  63.)  "  It  appeareth  upon  re- 
cord in  chronicles  that  by  certain  sacrifices  and  prayers,  lightnings  may 
either  be  compelled  or  easily  intreated  to  fall  upon  the  earth."  And  he 
observes  that  there  was  an  old  tradition  in  Etruria,  that  lightning  was 
procured  **by  exorcisms  and  conjurations."  The  ancient  priests  of  Ethio- 
pia worshiped  the  sun,  and  at  the  close  of  harvest  they  separated  a 
portion  of  the  fruits  from  the  rest  as  a  sacrifice  to  the  Deity :  if  the  offer- 
xn^  was  acceptable  it  instantly  took  fire.  The  Vestal  iEmylia  rekindled 
the  sacred  fire  on  the  altar  of  Vesta,  by  putting  her  veil  over  it,  that  is,  by 
some  device  which  the  act  of  adjusting  her  veil  concealed :  in  fact  enough 
is  known  to  convince  us  that  old  temples  were  perfect  laboratories.  (See 
an  expose  of  the  pretended  descent  of  celestial  fire  on  Good  Fridays,  into 
the  holy  sepulchre  of  Jerusalem  (which  is,  we  believe,  still  kept  up)  in 
Motraye's  Travels,  vol.  i,  pa^e  79.) 

But  it  was  not  by  the  sudden  appearance  of  flan>es  only  that  fire  was 
employed  as  an  agent  of  deception.  Equally  surprising  effects,  and  as 
secretly  produced,  were  derived  from  the  heat  which  the  fuel  and  burn- 
ing sacrifice  gave  out.  It  yn[\  readily  be  imagined  that  this  heat  must 
have  been  intense  when  a  bullock,  a  sheep,  or  a  goat,  was  consumed  ;  and 
sometimes  several  antmals  were  offered  at  once  upon  the  same  altar.  In 
burnt-offerings,  every  part  was  to  be  reduced  to  ashes,  and  hence  pardcu* 
lar  care  was  required  that  the  fuel  should  be  drv  as  well  as  in  abundance ; 
other  wise  the  mass  of  flesh  and  juices  might  extinguish  the  fire— a  circum* 
■tance  that  was  deemed  very  inauspicious.  It  was  also  customary  to  pour 
wine  and  oil  upon  the  sacrifice,  and  spices  and  perfumes  to  correct  th« 
odor.     These,  of  course,  increased  the  heat,  and  in  addition  to  which,  it 
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laes,  that  large  bellows  wero  some 
n  by  a  blast. 

A  modern  meubaiiician  will  at  ooce  perceive  that  the  radiation  of  heat 
from  audi  fires  into  the  interior  of  altara  offered  an  effective  and  unsuspi- 
cii)U8  source  of  fraud — one  from  which  a  distinct  series  of  prodigies  mighx 
be  derived.  Let  us  see  how  they  could  be  realized.  Suppose  a  bronio 
altar  made  jur-light,  with  a  cylindrical  or  other  opening  through  its  centrw. 
in  which  to  place  the  Brc  and  to  afford  a  draft,  (as  in  those  wooden  boiler» 
in  which  water  is  beated  by  a  fire  in  the  centre  ;  the  liquid  being  in  con- 
tiict  with  the  heated  sides  of  the  furnace,  and  the  ashes  from  (be  grate 
falling  through  the  draft  opening,  which  is  continued  through  the  bottom 
of  the  boilers)  or  the  passage  for  the  draft  might  be  made  at  right  angles 
to  the  furnace  or  fire-place,  and  terminate  at  one  side  of  the  altar ;  the  up- 
per part  of  the  furnace  would  then  be  level  with  the  top  of  the  altar  upon 
which  the  victim  was  laid.  Suppose  the  airtight  cavity  round  the  fiir- 
nace  filled  to  a  cerlain  height  with  wine,  oil,  or  other  inflammable  liquid, 
a  vapor  would  then  be  evolved  by  the  heat,  and  mixing  wiih  the  contain- 
ed air  would  press  upon  the  surface  of  the  liquid,  wh;ch,  by  concealed 
tubes  might  be  conveyed  to  the  fire  and  thus  sustain  it  without  any  addi- 
tional fuel.  The  vapor  might  also  be  made  to  produce  sounds  as  in  Dreb- 
ble's  machine — images  of  birds  might  by  it  be  made  ':o  sing — dragons 
and  serpei.ts  to  hiss.  The  current,  like  the  blast  of  a  bellows,  might  be 
made  to  excite  the  flames  ;  and  by  appropriate  mechanism  impart  motion 
to  various  automata — cause  the  doors  of  the  temples  mysteriously  to  fly 
open  and  to  close,  &c.  &c.  Now  it  so  happens  that  these  very  tliingB 
were  done  and  by  means  of  air  and  vapor. 

The  annexed   figure,  from   Problem  XI.   of  the   Spiritalia,  will  serve 
as  a  specimen  of  the  ingenuity  of  the  ancients  in  these  respects.     It  is 
merely  one  of  a  number  that  Hernn  haa  given.      The  altar  was  of  mcial, 
hollow  and  air-tight,  and  placed  on  a  hollow  base   or  pedestal  (also  air- 
tight) which  contained  a  quantity  of  oil  or  wine.     Upon  the  base  stood 
two  statues,  each  holding  a  vase  in 
one  hand  as  represented.     Pipes,  as 
shown  by  the  dotted  lines,   communi- 
cated   through   the    statues   with   the 
liquid.    As  the  air  wiiliin  the  altar  be- 
came dilated  by  the  heat,  it  necessarily 
forced  the  liquid  up  the  pipes  and 
drove  it  out  of  the  mouths  of  the  va- 
ses in  which  the  pipes  terminated.    It 
is  not  easy  to  see  why  the  bottom  of 
Die  altar  did  not  open  iirectly  into  the 
base  or  reservoir  of  nme,  instead  of 
the  pipe  that  connects  them,  since  it 
would  have  promoted  the  evolution 
Ne-ITT.   Liquiili ™i<BJ  by  Mill  in  •ncieni  id.     of  vapor;   but  the  figure   represents 
lan—  rom    D   jiinii  ij.  ^^^^  ^^^  ^£  ^^  numerous  modifica- 

tions employed.  It  is  obvious  from  this  and  some  other  devices  described 
by  Huron,  (as  No.  173)  that  vapor  from  the  contained  lii^uids  conlribuKsd 
ckiejly  to  the  result,  although  he  baa  not  in  all  cases  mentioned  it.  Indeed 
k  ia  not  certain  that  he  did  not  confound  ateam  with  air,  as  the  philoso- 
phers of  the  sixteenth  century  did,  of  which  some  examples  are  given 
in  tho  next  two  chapters.  Had  air  alone  been  used  in  the  above  altar, 
the  effect  could  only  have  have  been  mi.menlary  ;  for  part  of  it  would 
be  toon  absorbed  by  the  liquid  and  carried  out  with  it,  and  there  appears 


Chap.  2.]  Ingenuity  oj  Ancient  Priests,  395 

no  provision  for  a  fresh  suj^ply.  Besides,  as  the  litjuid  was  expelled,  tlie 
higher  would  the  remainder  have  to  be  raised,  and  consequently  unless  the 
air  received  a  corresponding  increase  oi  lenijierature  the  discharge  from 
the  vase  might  cease. 

Had  it  not  been  for  the  Spiritalia,  we  should  never  have  suspected  that 
air  was  made  to  perform  so  important  a  part  in  ancient  fraud's,  nor  that 
its  expansion  and  contraction  had  been  employed  to  raise  liquids.  Not- 
withstanding the  high  opinion  wliich  history  gives  us  of  the  philosophical 
knowledge  of  old  priests,  we  should  hardly  have  surmised  that  they  had 
the  art  of  applying  this  subtil  fhiid  so  ingeniously.  They  seem,  however, 
.o  have  ransacked  all  nature  for  devices ;  and  to  have  become  familiar 
with  the  principles  upon  which  the  most  valuable  of  our  arts  and  ma- 
chinery are  based.  Astronomy,  acoustics,  chemistry,  optics,  hydrostatics, 
IMieanatics,  and  hydraulics,  were  all  pressed  into  their  service.  Even 
'm  tipphcation  of  steam^  as  a  source  of  motive^force,  did  not  escape  them  ; 
•o  that  had  their  energies  been  devoted  to  the  development  of  useful  me- 
chanism, the  world  would  probably  have  been  indebted  to  tliem  for  the 
steam  engine  itself. 

What  wonders  would  an  insight  into  the  old  temples  have  lovealed! 
To  have  had  an  opportunity  of  inspecting  the  machinery,  new  and  old — 
to  have  been  present  at  the  consultations  of  the  priests— witnessed  their 
private  experiments — heard  them  expatiate  on  the  defects  of  this  device 
and  the  perfect  working  of  that-«— suggesting  a  wheel  here  and  a  spring 
there — to  have  been  present  at  their  consultations  respecfing  the  suspen- 
sion of  water  in  Tutia's  sieve,  and  witnessed  the  congratulations  exchang 
ed  at  the  eclat  with  which  that  and  many  other  trials  came  off,  &c.  &c. — 
would  have  made  us  acquainted  with  discoveries  both  in  science  and 
mochanical  combinations  that  would  throw  some  modem  inventions  into 
shade  : — But  the  tremendous  evils  which  their  impostures  induced  ren- 
dered concealment  on  the  part  of  the  priests  indispensable.  Exposure 
would  not  only  have  endangered  th/eir  wealth  and  influence,  but  might 
have  led  to  their  extermination  by  an  outraged  and  plundered  people — 
hence  the  veil  of  religion  was  interposed  to  screen  the  operators  and  their 
apparatus,  and  inevitable  death  was  the  consequence  of  undue  curiosity  : 
witness  that  of  AlcU/foe,  a  female  of  Thebes,  who  ridiculed  the  orgies  of 
Bacchus,  and  was  represented  by  the  priests  as  having  been  changed  into  a 
bat ;  a  fiction  of  theirs,  mftst  likely,  to  conceal  their  having  taken  her  off. 
JEpi/tus  might  be  adduced  as  another  example — ^he  forcibly  entered  the 
temple  of  Neptuiie  and  was  struck  blind  by  a  sudden  eruption  o£ saft-icater 
from  the  altar ;  probably  sulphuric  or  other  acid  secretly  ejected  by  the 
priests.  In  this  chapter  we  have  seen  they  had  the  means  of  doing  this 
by  the  dilatation  of  air  within  the  cavities  of  altars. 

We  shall  conclude  this  chapter  with  some  remarks  on  the  Spiritalia, 
a  work  that  had  more  influence  in  reviving  the  study  of  hydrodynamics 
in  modern  times,  than  any  other.  This  little  book,  like  a  rivulet,  sent  its 
streams  of  knowledge  over  all  Europe  in  the  sixteenth  century.  It 
stimulated,  if  it  did  not  create  that  spirit  of  investigation  and  experimen- 
tal research  which  then  commenced  and  has  continued  unimpaired  to  the 
present  time.  It  seems  to  have  caused  an  unusual  degree  of  excitement. 
Philosophers,  chemists,  and  physicians,  as  well  as  engineers,  illustrated 
their  writings  by  its  problems  and  figures.  Porta,  Decaus,  Fludd,  and 
others,  avowedly  transferred  its  pages  to  their  works,  while  many  writers 
with  less  candor  and  less  ingenuity  made  use  of  it  without  acknowledg- 
ment. Of  all  the  old  mechanicians,  Besson  seems  to  have  been  less  in- 
debted to  it  than  any  other. 
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The  Spiiitalia  formed  bnt  a  small  part  of  tlie  writings  of  Heron :  hac 
all  of  them  reached  our  times,  we  should  have  possessed  an  almost  per- 
fect system  of  ancient  mechanical  philosophy.  He  wrote  hooks  on 
clepsydra,  automata,  dioptiics,  war  machinery,  engines  for  raising 
wefgnts;  and  an  introduction  to  mechanics,  which  is  said  to  have  been 
the  most  complete  work  on  the  subject  which  the  ancients  possessed. 
Taken  as  a  whole,  the  Spiritalia  seems  more  like  the  manual  of  an  ancient 
magician  than  any  thing  else  a  collection  of  deceptions  with  the  pro- 
cesses by  which  they  were  matured.  In  it  Heron,  instead  of  appearing 
in  the  character  of  a  philosopher,  rather  assumed  (perhaps  for  amusement 
or  to  expose  the  frauds  of  the  Egyptian  hierarchy)  that  of  a  minister 
of  Isis,  initiating  an  acolyte  into  the  mysteries  of  his  profession.  And 
numerous  as  are  the  devices  described,  they  doubtless  formed  but  a  small 
part  of  those  which  constituted  the  active  and  efficient  capital  of  the 
Egyptian  priesthood.  With  the  exception  of  an  hydraulic  and  another 
organ,  a  syringe,  fire  engine,  fountain  of  compression,  three  lamps  and 
two  eolipiles,  (and  most  of  which  were  also  used  for  unworthy  purposes) 
the  whole  may  be  considered  as  a  text  book  for  conjurers.  Of  the  seventy- 
Bix  problems  contained  in  the  book,  twelve  relate  to  the  working  of 
prodigies  at  the  altars,  by  air  dilated  by  the  heat  of  the  sacred  fires,  &c. 
as  already  noticed  ;  upwards  of  forty  relate  to  sacrificial  vases,  Tantalus' 
€ups,  magic  pitchers,  &c.  In  some  of  these  were  concealed  cavities,  in 
^which  the  liquid  was  retained  or  discharged,  by  closing  with  the  thumb 
a  minute  opening  in  the  handle.  Water  was  poured  into  some  and  they 
gave  out  wine,  and  vice  versa.  In  these  we  have  a  solution  of  the  trick 
by  which  water  was  changed  into  wine  in  the  temple  of  Bacchus,  on  the 
7th  of  January  at  the  annual  feast  of  the  god,  as  mentioned  by  I'liny.  In 
others  were  disguised  partitions  forming  various  compartments  in  which 
different  liquids  were  retained,  and  all  discharged  at  one  orifice  (by  a 
cpecies  of  three  or  four- way  cock)  so  that  those  m  the  secret  could  draw 
wine,  oil,  or  water,  at  pleasure ;  besides  many  other  merry  conceits^  as  the 
old  authors  name  them.  There  is  we  think  among  them  abundant  evi- 
dence that  our  solution  of  Tutia's  miracle  of  carrying  water  in  a  sieve 
was  the  true  one.  It  is  probable  that  in  some  of  these  vases,  specimens  of 
the  old  divining  cups  may  be  found. 

The  ingenious  reader  will  not  repine  at  our  inserting  a  specimen 
af  a  lustra.!  vase.  We  l]ave  selected  this  because  it  shows  that  me- 
chanical as  well  as  hydrodynamical  devices  were  adopted  as  occasions 
required.  It  shows  also  that  the  mode  of  incrcasinff  or  diminishing  the 
pressure  of  a  valve  to  its  seat,  by  a  loaded  lever,  as  in  the  safety  valve  of 
A  steam  engine,  was  known — a  circum3tance  that  may  be  deemed  quite  in- 
significant by  some  persons;  but  attention  to  such  little  things  often 
enables  ue  to  arrive  at  correct  estimates  of  an  ancient  device,  and  of  the 
ingenuity  and  fertility  of  conception  of  ancient  devisers. 

Most  readers  Are  aware  that  /wli/  water  was  derived  from  *hat  of  the 
heathen.  When  a  worshiper  was  about  to  enter  the  temple,  he  sprink- 
led himself  from  a  vase  of  it  placed  near  the  entrance.  On  some  panicu- 
lar  occasions  the  people  were  sprinkled  by  priests.  (See  an  example  at 
page  196.)  Those  who  celebrated  the  Eleusinian  mysteries  were  parti- 
cularly required  to  wash  their  hands  in  holy  water.  In  the  middle  h^<^s 
the  liquid  was  a  source  of  considerable  profit  to  monks,  and  it  was  even 
a  custom  for  clerks  and  scholars  to  hawk  it  for  sale.  From  Heron's  de- 
scription o(  the  following  figure,  (No.  178,)  we  learn  that  heathen  priesta 
alsii  made  it  a  source  of  revenue  ;  the  vessels  containing  lustral  water  not 
being  always  open  for  public  use,  free  of  charge,  but  closed,  and  like  a 
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cliild'a  money  box  provided  with  a  slit  at  the  top,  through  which  a  eeriuK 
sum  was  to  be  put  before  the  donor  could   receive   any   of  the   purifying 
contents.     In  the  vase  before  us  Jite  drachnKt,  or   about  seventy-fiw 
cents,  w(,re  required,  and  it  will  be  perceived  from  the  construction  of  the 
apparatus  that  no  less  sum  could  procure  a  drop,  although  as  much  more 
might  be  put  in  as  Uie  donor  thought  proper.' 
The  device  ia  a  very  neat  specimen  of  religious 
ingenuity,  and  the  more  so  since  it  required  no 
attending   minister  to   keep  it   in   play.     We 
may  judge  of  other  apparatus  belonging  to  the 
old  temples  by  the  talent  displayed  m  this.   A 
portion  of  the  vase  is  removed  in  the  figure  to 
show  the   interior.     Near   one   side   is   seen   a 
cylindrical  vessel  at  A.      It   is   this   only   that 
L-oi.iained  water.     A  small  tube  attached  to  the 
tB.tlom  is  continued  through  the  side  of  the  vase 
at  0,  where  the  liquid  was  discharged.   The  in- 
ler  orifice  of  the  tube  was  formed  into  the  seat 
of  a  valve,  the  plug  of  which  was  6xed  on  the 
lower  end  of  the  perpendicular  rod,  whose  up- 
per end  was  connected  by  a  bolt  to   the   hori- 
No,im   Ai«^MVM.orL«f™i     sontal  lever  or  vibrating  beam  R.   One  end  of 
R  is  spread  out  into  a  fiat  dish  and  so  arranged 
ta  to  receive  on  tts  surfece  every  thing  dropped  through  the  slit.     The 
lever  turns  on  a   pin  or  fulcrum  very  much   like   a   pump  handle,   as  re- 
presented.     The   operation  will  now  be  understood.     As  the  weight  of 
the  rod  kept  the  valve  closed  while  nothing  rested  upon  the  broad  end  of 
the  lever,  so  no  liquid  could  escape ;   but  if  a  number  of  coins  of  sufficient 
weight  were   dropped   through   the   slit  upon   the   end   of  R,  the  valve 
would  then  be  opened  and  a  portion  of  liquid  escape  at  o  ; — the  quantity 
Bowing  out  would  however  be  very  small,  not  only  from   the   contracted 
bore  of  the  tube,  but  from  the  fact  that  the  valve  would  be  open  only  8 
moment ;  for  as  the  lever  became  inclined  from  its  horizontal  position  the 
pieces  of  money  would  slide  off  into  the  mass  accumulated  at  H,  and  the 
efflux  would  as  quickly  be  stopped  :  the  apparatus  would  then  be   readv 
to  supply  the  next  customer  on  the  same  terms.     This   certainly  was   aa 
simple  and  ingenious  a  mode  of  deatiug  out  liquids  as  it  was  a  profitable 
one,  and  after  all  was  not  half  so  demoralizing  as  the  retailing  of  ardent 
spirits  in  modem  times. 

One  would  suppose  the  publication  of  such  a  work  as  Heron's  Spiri 
talia  roust  have  been  as  distasteful  to  the  oci^pants  of  ancient  tcroples, 
u  some  of  Luther's  writings  were  to  Leo  X  uid  his  associates  of  the 
Vatican, 
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Oti  itbam:  Bfiserable  con  lAion  of  the  ^Mit  portion  of  the  haman  rac«  in  paat  timao— Brighter  proepadi 
for  pMterity — Inorg^anic  motive  forces — Wonders  of  steam — ^lis  beneficial  influence  on  man^i  futuredestiay 
'  -Will  supersede  nearly  all  human  drudgel-y — Progress  of  the  arts — Cause  why  steam^iras  not  formerly 
employed — Pots  boiling  over  and  primitive  experiments  by  female*  -Steam  an  agent  in  working  prodi- 
gies — ^Priests  familiar  with  steam— Sacrifices  boiled — Seething  boneb— Baithqaakes — Anthemius  and 
Zeno— Hot  baths  at  Rome— Ball  supported  on  a  jet  of  steaun,  from  the  Spiriialia — Heron's  whirling 
eolipihs — Steam  engines  on  the  same  principle — Eolipiles  described  by  Vitruvius — ^Their  various  uses- 
Heraldic  device— Colipiles  from  Rivius— Cupelo  furnace  and  eolipile,  from  Erckers — Similar  applica- 
tions of  steam  revived  and  patented — Eolipiles  of  the  human  form — ^Ancient  tenures — Jack  of  Uiltoo'- 
Puster,  a  steam  deity  of  the  ancient  Germans— Ingenuity  of  the  priests  in  constructing  and  working  it- 
Supposed  allusions  to  eolipilie  idols  in  the  bible— Employed  in  ancient  wars  to  project  streams  of  liquid 
Are — Draft  of  chimneys  improved,  perf  jmee  dispersed,  and  music  produced  by  eoIlpUos— Eolipiles  the 
germ  of  modern  steam  engines. 


If  we  contemplate  the  past  history  of  man,  we  shall  Hnd  that,  with  a 
few  insignificant  exceptions,  the  entire  race  has  been,  as  it  were,  doomed 
to  support  an  existence  surcharged  with  misery.  From  the  earliest  pe- 
riods of  recorded  time,  we  behold  the  great  mass  slaves  to  an  organized 
despotism  which  a  few  crafty  spirits  entailed  upon  the  species — a  despo- 
tism both  mental  and  physical — to  subdue  the  body  and  enthrall  the  mind 
—political  and  ecclesiastical  despotism.  To  the  neglect  of  mental  cultiva- 
tion alone,  these  evils  are  to  be  attributed  ;  for  in  every  age  men  have  had 
the  same  elements  of  prosperity  and  of  happiness.  The  earth  and  its 
treasures  have  always  been-  at  their  disposal,  and  the  natural  capacities  of 
the  human  intellect,  have  probably  always  been  the  same.  It  is  the  im- 
provement of  these  capacities  by  culture,  and  their  degeneracy  by  neglect, 
that  make  all  the  differences  in  men's  condition.  The  horrible  sufferings 
of  the  myriads  of  human  beings  who  have  passed  through  a  life  of  un- 
ceasing and  unrequited  toil,  were  owing  to  their  ignorance,  and  hence  the 
tyrants  of  the  earth  have  always  labored,  and  still  labor,  to  keep  those 
uninformed  that  are  subject  to  their  sway.  I^orance  was  the  grand  en- 
gine by  which  the  most  atrocious  systems  of  tyranny,  superstition  and 
magic  were  established  in  ancient  times ;  a«d  whose  influences  are  not 
yet  done  away. 

But  within  the  last  two  centuries  a  new  era  has  opened  with  brightiir 
prospects  for  the  human  family  at  large,  than  has  ever  yet  dawned  upon 
It.  An  era  that  has  been  ushered  in  by  the  discovery,  or  rather  applica- 
tion, of  a  new  motive  agent,  viz.  steam.  The  wonderful  effects  which 
this  fluid  has  been  made  to  produce,  are  so  creditable  to  the  human  intel- 
lect, and  so  fraught  with  consequences  of  the  highest  import  to  our 
race  in  all  times  to  come,  as  to  excite  even  in  the  most  torpid  minas 
emotions  of  stirring  interest.  Steam  is  changing  every  thing,  and  every 
thing  for  the  bettiir.  It  has  opened  new  sources  ot  social  and  indi- 
vidual happiness  :  nor  is  its  influence  confined  to  the  physical  condi- 
tion of  man,  for  by  its  connection  with  the  manufacture  of  paper  and  with 
the  printing  press,  it  has  done  more  to  rouse  and  exercise  the  moral  enn^ 
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intellectual  energies  of  our  nature  than  any  thing  else ;  and  has  imparted 
a  vigorous  impulse  to  them,  as  well  as  to  the  useful  arts.  As  all  the  ad-* 
vantages  derived  in  modern  times  from  steam  originated  in  attempts  to 
^aise  water  by  it,  we  need  oiTer  no  apology  for  indulging  in  some  pra  v 
minary  remarks. 

What  a  proof  is  steam  of  the  stores  oi  intdive  forces  that  are  to  be  found 
in  the  inorganic  world  1  Forces  that  can  render  us  incalculable  service, 
if  we  would  but  open  our  eyes  to  detect,  and  exercise  our  energies  to 
employ  them.  Who  could  have  supposed  two  centuries  ago,  that  the  sim- 
ple vapor  of  water  would  ever  be  used  as  a  substitute  for  human  exertions, 
and  should  relieve  man  from  a  great  portion  of  the  physical  toil  under 
which  he  has  groaned  from  the  beginning  of  the  world  1  That  it  would 
arm  him  with  a  power  which  is  irresistible,  and  at  the  same  time  the  most 
pliant — one  that  can  uproot  a  mountain,  and  yet  be  controlled  by  a  child  ! 
Who  could  have  then  imagined  that  a  vessel  of  boiling  water  should  im« 
part  motion  to  machinery  in  every  department  oi  the  arts,  and  be 
equally  adapted  to  all — should  spin  and  weave  threads  fine  as  those  of  the 
gossamer ;  and  forge  tons  of  iron  into  single  bars  with  almost  equal  rapi- 
dity and  ease — raise  water  from  mines,  in  streams  equal  to  rivers  ;  and 
extract  mountains  of  mineral  from  the  bowels  of  the  earth — should 
propel  carriages,  such  as  no  horses  could  move,  with  the  velocity  of  wind  ; 
and  urge  ships  of  every  class  through  the  ocean,  in  spite  both  of  winds 
and  waves — should  be  the  means  of  circulating  knowledge  at  the  price  of 
waste  paper,  and  of  awakening  and  stimulaung  the  mental  capacities 
of  men  !  In  a  word,  that  a  little  aqueous  vapor  should  revolutionize  the 
whole  social  and  political  condition  of  man :  and  that  after  having  done 
all  this,  that  it  should  probably  give  place  to  other  agents,  still  more 
powerful  and  beneficial,  which  science  and  observation  should  discover. 

What  a  proof  is  steam  of  the  high  destiny  that  awaits  our  species  1 
The  most  fervid  imagination  cannot  realize  the  importance  of  those  disco- 
veries in  science  and  the  arts,  of  which  it  is  merely  the  forerunner ;  the 
first  in  that  new  catalogue  of  motive  agents  that  are  ordained  to  change 
the  condition  of  men,  and  to  regenerate  the  earth ;  for  all  that  is  yet  done 
is  but  as  the  twilight  that  ushers  in  the  orb  of  day.  Hitherto  man  has 
been  comparatively  asleep,  or  in  a  state  resembling  it — insensible  of  the 
rich  inheritance  which  the  Creator  has  placed  at  his  disposal  in  the  elas 
tic  fluids,  and  of  their  adaptation  to  impart  motion  to  every  species  of  me 
chanism.  How  few  persons  are  aware  that  the  grand  invention  of 
imparting  motion  to  a  piston  by  steam  and  other  elastic  fluids,  is  the  pivot 
on  which  the  chief  affairs  of  the  world  is  destined  hereafter  to  turn  t 
And  the  time  is  not  distant  when,  by  means  of  it,  the  latent  energy  of  the 
gases,  or  other  properties  of  inert  matter,  will  supersede,  in  a  great  de- 
gree, the  drudgery  of  man — will  perform  nearly  all  the  labor  which  the 
hones  and  sinews  of  our  species  have  hitherto  been  doomed  to  accomplish. 
There  are  persons,  however,  whose  minds  biased  by  the  eternal  bondage 
in  which  the  mass  of  our  race  has  always  been  held,  who  will  startle 
at  the  idea  of  the  whole  becoming  an  intelligent  and  highly  intellectual 
V/ody.  They  cannot  conceive  how  the  affairs  of  life  are  to  be  continued 
~*the  execution  of  innumerable  works  which  the  constitution  of  society 
requires  should  be  performed,  if  these  helots  become  free.  But  can  they, 
can  any  one,  seriously  believe  that  the  all-wise  and  benevolent  Creator 
could  possibly  have  intended  that  the  highest  class  of  beings  which  he 
has  placed  on  this  planet — the  only  one  capable  ef  appreciating  hit 
works  and  realizing  correct  ideas  of  his  attributes — that  the  great  por- 
tion of  these,  should  pass  through  life  in  incessantly  toiling  for  merv 
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•food  ; — and  undergoing  privations  and  sufferings  to  obtain  it,  from  w.iich 
the  lowest  animals  are  exempt  ]  Assuredly  not.  Had  such  been  hia 
design,  he  would  not  have  created  them  with  faculties  expressly  adapted 
for  nobler  pursuits. 

It  is  the  glory  of  modern  science,  that  it  calls  into  legitimate  use 
both  the  physical  and  mental  powers  of  man.  It  rewards  him  with  nu- 
merous forces  derived  from  inanimate  nature,  and  instructs  him  in  the 
application  of  them,  to  all,  or  nearly  all,  the  purposes  of  life  ;  and  even- 
tually it  will  require  from  him  no  greater  amount  of  physical  toil,  than 
what  conduces  to  the  full  development  of  all  the  energies  of  his  com* 
pound  nature.  It  is  destined  to  awaken  that  mass  of  intellect  which  has 
hitherto  lain  dormant,  and  been  all  but  buried  in  the  laboring  classes ; 
and  to  bnng  it  into  active  exercise  for  the  benefit  of  the  whole.  And  for 
aught  we  know,  the  "  new  earth,*  spoken  of  in  the  scriptures,  may  refer 
to  that  state  of  society,  when  science  has  thus  relieved  man  from  all  inju 
rious  labor — when  he  will  walk  erect  upon  the  earth  and  subdue  it, 
rather  by  his  intellect  than  by  the  sweat  of  his  brow — when  the  curse  of 
ignorance  will  be  removed,  and  with  it  the  tremendous  punishment  that 
has  ever  attended  it.  Then  men  will  no  longer  enter  in  snoals  into  a  new 
state  of  existence  in  another  world,  as  utterly  ignorant  of  the  wonders  of 
creative  wisdom  in  tliis,  as  if  they  had  never  been  in  it,  and  had  not  pos- 
sessed faculties  expressly  adapted  to  study  and  enjoy  them. 

There  is  no  truth  in  the  observation  of  some  people,  that  all  discoveries 
of  importance  are  already  made ;  on  the  contrary,  the  era  of  scientific 
research  and  the  application  of  science  to  the  arts  may  be  considered  as 
but  commenced.  The  works  of  creation  will  forever  furnish  materials  for 
the  exercise  of  the  most  refined  intellects,  and  will  reward  their  labors 
with  a  perpetual  succession  of  new  discoveries.  The  progress  which  has 
been  made  in  investigating  the  laws  that  govern  the  aqueous,  atmospheri- 
cal, mineral  and  vegetable  parts  of  creation,  is  but  a  prelude  to  what  is 
yet  to  be  done — it  is  but  the  clearing  of  the  threshold  preparatory  to  the 
portals  of  the  temple  of  science  being  thrown  open  to  the  world  at  large. 
There  is  no  profession  however  matured^  no  art  however  advanced,  that 
is  not  capable  of  further  improvement ;  or  that,  so  far  as  we  can  tell,  will 
not  always  be  capable  of  it.  If  an  art  be  carried  to  the  utmost  perfection 
it  is  capable  of  in  one  age,  discoveries  in  others  will  in  time  be  made,  by 
means  of  which  it  will  be  still  further  advanced  ;  for  every  improvement 
in  one  has  an  effect,  more  or  less  direct,  on  every  other. 

The  benefits  already  derived  from  steam,  then,  are  but  as  a  drop  to 
the  ocean  when  compared  with  those  that  posterity  will  realize ;  for  if 
such  great  things  have  been  accomplished  by  it  in  one  century,  what  may 
not  be  expected  in  another  ?  and  another  1  It  has  been  calculated  that 
two  hundred  men,  with  machinery  moved  by  steam,  now  manufacture  ai; 
much  cotton  as  would  require  twenty  millions  of  persons  without  ma- 
chines; that  is,  one  man  by  the  application  of  inorganic  motive  agents  can 
now  produce  the  same  amount  of  work  that  formerly  required  one  hun- 
dred thousand  men.  The  annual  product  of  machinery  in  Great  Britain, 
a  mere  spot  on  the  earth,  would  require  the  physical  energies  of  one  half 
the  inhabitants  of  the  globe,  or  four  hundred  millions  of  men  :  and  the 
vari.ius  applications  of  steam  in  different  parts  of  the  world  now  produce 
an  amount  of  useful  labor,  which  if  performed  by  manual  strength  would 
require  the  incessant  exertions  of  every  human  being.  Hence  this  great 
amount  of  labor  is  so  much  gained,  since  it  is  the  result  of  inorganized 
forces,  and  consequently  contributes  so  much  to  the  sum  of  human  happi- 
ness.    Now  if  su^^h  results  have  been  brought  about  so  quickly  and  by 
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Bteam  alone,  what  may  not  be  expected  from  it,  and  other  aeriform  fluids, 
in  ages  to  come,  when  the  progressive  improvement  of  every  art  and 
every  science  shall  have  brought  to  light  not  only  other  agents  of  the  kind 
but  more  efficient  means  of  employing  them  1  There  is  no  end  :o  the 
beneficial  applications  of  the  gases  as  motive  agents,  and  no  Hmits  \0  the 
power  to  be  derived  from  them.  As  long  as  ram  falls  or  rivers  flow- 
while  trees  (for  fuel)  grow,  or  mineral  coal  is  found,  man  can  thus  wield 
a  power  that  renders  him  almost  omnipotent. 

The  question  may  be  asked,  why  was  not  the  elastic  force  of  steam 
earlier  used  as  a  source  of  motive  power  ?  Because,  as  we  observed  be- 
fore, men  neglected  to  employ  those  powers  of  reflection  and  invention 
which  God  had  given  them.  It  certamly  formed  no  part  of  the  Creator's 
plan  of  governing  ihe  world  that  they  should  have  so  long  remained  ig- 
norant of  its  application.  He  has  placed  man  at  the  head  of  creation  and 
furnished  him  with  powers  appropriate  to  his  position.  Every  object  in 
nature  he  can  use  for  good  or  for  evil.  They  are  the  materials  from 
which  he  may,  as  an  expert  machinist,  fabricate  at  will  all  that  his  wants 
require :  he  may  prostitute  them  to  the  miseries  of  himself  and  his  fel- 
lows ;  or  he  may  neglect  them  to  the  injury  of  all.  It  is  the  order  of 
nature  that  her  latent  resources  shall  be  discovered  and  applied  by  diligent 
research.  Hence  some  of  the  finest  specimens  of  the  Creator's  wisdom 
can  only  be  appreciated  after  careful  study,  a  fact  which  is  itself  a  proof 
of  his  wisdom  and  beneficence,  since  their  realization  is  thus  held  out 
as  an  inducement  to  investigate  them. 

Steam  has  of  course  been  noticed  ever  since  the  heating  of  water  and 
boiling  of  victuals  were  practiced.  The  daily  occurrence  implied  by  the 
expression  "  the  pot  boils  over"  was  as  common  in  antediluvian  as  in  mo- 
dern times  ;  and  hot  water  thus  raised  was  one  of  the  earliest  observed 
facts  connected  with  the  evolution  of  vapor.  From  allusions  in  the  most 
ancient  writings,  we  may  gather  that  the  phenomena  exhibited  by  steam 
were  closely  observed  of  old.  Thus  Job  in  describing  Leviathan  alludes 
to  the  puffs  or  volumes  that  issue  from  under  the  covers  of  boiling  vt*ssels. 
"  By  his  neesings  a  light  doth  shine,  and  his  eyes  are  like  the  eyelids  of 
the  morning ;  out  of  his  nostrils  goeth  smoke  [steam]  as  out  of  a  seething 
pot  or  cauldron."  In  the  early  use  of  the  vessels  last  named,  and  before 
experience  had  rendered  the  management  of  them  easy  and  safe,  females 
would  naturally  endeavour  to  prevent  the  savory  contents  of  their  pots 
from  flying  off  in  vapor;  hence  attempts  to  confine  it  by  covers;  and 
when  these  did  not  fit  sufficiently  close,  a  cloth  or  some  similar  substance 
interposed  between  it  and  the  edge  of  the  vessel,  would  readily  occur ; 
and  a  stone  or  other  weight  placed  upon  the  top  to  keep  all  tight  would 
also  be  very  natural.  Then  as  the  fluid  began  again  to  escape,  further 
efforts  would  be  made  to  retain  it  by  additional  weights.  In  this  manner, 
doubtless  many  a  contest  was  kept  up  between  a  pot  and  its  owner,  till 
one  gained  the  victory  ;  and  we  need  not  the  testimony  of  historians  to 
determine  which  this  was.  In  those  times  it  was  not  generally  known 
that  a  boiling  cauldron  contained  a  spirit,  impatient  of  control — that  the 
vessel  was  the  generator  of  an  irresistible  power,  and  the  cover  a  safety- 
valve  ;  and  that  the  preservation  of  the  contents  and  the  security  of 
the  operator  depended  upon  letting  the  cover  alone,  or  not  overloeiding 
it : — hence  it  no  doubt  often  happened  that  the  confined  vapor  threw  out 
the  contents  with  violence,  and  then  it  was  that  primitive  cooks  began  to 
perceive  that  there  was  death  as  well  as  life  in  a  boiling  pot.  In  this 
manner,  we  suppose  females  were  the  first  experimenters  on  steam,  and 
the  earliest  witnesses  of  steam  boiler  explosions. 
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The  domestic  exhibitions  of  the  force  of  steam  must  have  excited  the 
Btteniion  of  mechanicians  in  every  age,  nor  couhl  its  capabilities  of  over- 
coming resistances  opposed  to  it»  have  escaped  them.  Thus  we  Bnd  that 
experimenters  are  almost  always  said  to  have  derived  the  first  hint  from 
a  culinary  vessel :  hence  the  Marquis  of  Worcester,  according  to  a  tradi- 
tion, had  his  attention  drawn  to  the  use  of  this  fluid  to  raise  water,  by 
witnessing,  while  a  prisoner  in  the  Tower  of  London  the  lid  of  a  boiler 
thrown  off  by  the  vapor — but  the  anecdote  is  of  much  older  date,  and 
was  applied  to  many  others  before  his  time  as  well  as  since.  Vitruvius 
illustrates  his  views  respecting  the  appearance  of  springs  on  mountains, 
hy  a  cauldron  which,  he  says,  when  two  thirds  filled  with  water  and  heat- 
ed by  the  fire,  **  communicates  the  heat  to  the  water;  and  this  qfi  account 
of  its  natural  porosity,  receiving  a  strong  inflation  from  the  heat,  not  only 
fills  the  vessel,  but  swelling  with  the  steam  and  raising  the  cover,  over- 
flows," &c.  ( Book  viii,  chap.  3.)  Such  occurrences  are  nature's  hints, 
by  attention  to  which  important  discoveries  have  always  been  made. 
Even  when  people  in  former  limes  were  injured  by  the  explosion  of  a 
cauldron,  the  misfortune  should  have  been  considered  as  an  indication  of 
nature  to  employ  the  force  thu-*  developed — ^and  also  as  a  punishment 
for  having  neglected  to  do  so.  Nay,  we  don't  see  why  such  occurrences 
may  not,  in  this  view  of  them,  be  considered  providential,  as  well  as  simi- 
lar one.*>,  which  theological  writers  avail  themselves  of,  to  establish  a 
similar  doctrine. 

There  are  intimations  that  the  elastic  force  of  steam  was  employed  by 
several  people  of  antiquity,  but  the  details  of  its  application  are  unfortu- 
nately not  known.  Some  relics  of  its  use,  as  well  as  that  of  heated  air, 
,  are  to  be  found  in  the  deceptions  practiced  by  the  heathen  priesthood.  Its 
application  for  similar  purposes  was  contiimed  till  comparatively  modern 
times,  for  it  was  the  animating  principle  in  the  eolipilic  idols  of  the  miildle 
ages ;  and,  from  an  incidental  notice  of  some  experiments  of  a  Greek  arciii- 
tect,  it  is  probable  that  the  trembling  of  the  earth,  and  other  horrors  expe 
rienced  by  those  who  were  initiated  into  the  greater  mysteries  of  ancient 
worship,  were  also  effected  by  steam.  ArtiBcial  thunder,  lightning  from 
the  vapor  of  inflammable  liquids,  and  unearthly  music,  were  produced  by 
its  means.  Some  of  the  tricks  performed  by  the  Pythoness  and  her  co- 
adjutors at  Delphos  seemed  to  have  been  matured  by  it.  The  famous 
tripod  against  which  she  leaned  is  represented  as  a  brazen  vessel  from 
which  a  fniraculous  vapor  arose.  Steam  was  one  of  the  agents  of  decep- 
tion in  trials  of  ordeal.  Those  persons  condemned  to  undergo  that  of 
boiling  water,  were  protected  by  the  priests  (when  it  was  their  interest 
or  inclination  to  do  so)  by  admitting  a  concealed  stream  of  steam  into  the 
lower  part  of  the  cauldron  containing  tepid  water— the  consequent  agita- 
tion of  the  liquid  and  the  ascent  of  the  vapor  that  escaped  condensation 
presented  to  the  ignorant  and  unsuspecting  beholders  every  appearance 
of  genuine  ebullition.  On  similar  occasions  air  was  forced  through  the 
liquid  in  the  dark  ages. 

Ancient  priests,  both  among  the  Jews  and  heathen,  were  from  their 
ordinary  duties  necessarily  conversant  with  the  generation  of  steam.  Its 
elastic  force  could  not  therefore  escape  the  shrewd  observers  among  them. 
Sacrifices  were  frequently  boiled  in  huge  cauldrons,  several  of  which  were 
jwrmanenily  fixed  in  the  vicinity  of  temples — in  "  the  boiling  places"  as 
their  locations  are  named  by  Ezekiel,  **  where  the  ministers  of  the  house 
•hall  boil  the  sacrifice  of  the  people.**  (See  an  example  from  Herodotus 
^l  page  200.)  It  would  seem  moreover  as  if  some  of  the  boilers  were 
made  on  the  principle  of  Pap'n's  Digester,  in  which  bones  were  softened 
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by  '  high  steam'— at  any  rate  a  distinction  is  made  between  seething  pots 
and  cauldrons,  and  from  the  manner  in  which  both  are  mentioned  they 
seem  to  have  been  designed  for  different  purposes  ;  the  former  to  seethe 
or  soften  bones,  the  latter  to  boil  the  flesh  in  only.  "  They  roasted  the 
passover  with  fire,  but  the  other  offerings  sod  they  in  pots  and  in  caul- 
dronsJ'  (2  Chr.  chap,  xxxv,  13.)  ''Set  on  a  pot,  set  it  on,  and  also 
pour  water  into  it.  Gather  the  pieces  thereof  into  it,  even  every  good 
piece,  the  thigh  and  the  shoulder;  fill  it  with  the  choice  hjnes.  T&ko 
the  choice  of  the  flock  and  burn  [or  heap]  also  the  bones  under  it,  and  make 
it  boil  well,  and  let  them  scetlie  the  bona  of  it  therein."  (Ezek.  xxiv.  3,  5.) 
The  opinion  of  the  Jews  having  close  vessels  in  which  steam  was  raised 
higher  than  in  common  cauldrons  is  also  rendered  probable  from  the  fact 
that  the  Chinese,  a  contemporary  people,  employ  similar  ones,  and  which 
from  their  tenacity  to  ancient  devices  have  probably  been  used  by  them 
^rom  times  anterior  to  those  of  the  prophet.  (Davis'  Chinese,  ii,  271. 
John  Bell's  Travels,  i,  296  and  ii,  13.) 

Similar  processes  have  been  common  with  chemists  in  all  ages,  in  the 
making  of  extracts,  and  sometimes  in  preparing  food.  There  is  an  ex- 
ample in  Forta's  Natural  Magic,  He  tells  us  (in  the  xiii  chap,  on  distil- 
lation) that  he  has  restored  persons  at  the  point  of  death  to  health  by  "  an 
essence  extracted  out  of  flesh."  He  directs  three  capons  to  be  dressed 
and  boiled  *'  a  whole  day  in  a  glass  vessel  close  Hopt,  until  the  bones  and 
flesh  and  all  the  substance  be  dissolved  into  liquor." 

Some  of  the  ancient  philosophers,  who  were  close  observers  of  nature^ 
compared  the  earth  to  a  cauldron,  in  which  water  is  heated  by  internal 
fires;  and  they  explained  the  phemonena  of  earthquakes  by  the  accumu- 
lation of  steam  in  subterraneous  caverns,  until  its  elastic  energy  rends  the 
superincumbent  strata  for  a  vent.  Vitruvius  explains  by  it  the  existence 
of  boiling  springs.  In  the  reign  of  Justinian,  Anthemius,  an  architect  and 
mathematician  illustrated  several  natural  phenomena  by  it ;  but  of  this  we 
should  probably  never  have  heard,  had  it  not  been  for  a  quarrel  between 
him  and  his  next  door  neighbor,  Zeno,  the  rhetorician.  This  orator 
appears  to  have  inherited  a  considerable  share  of  credulity  and  supersti- 
tion, which  gave  his  antagonist  the  advantage.  Anthemius,  we  are  in- 
formed, had  several  steam  boilers  in  the  lower  part  of  his  house,  from 
each  of  which  a  pipe  conveyed  the  vapor  above,  and  by  some  mechanism, 
of  which  no  account  has  been  preserved,  he  shook  the  house  of  his  enemy 
as  by  a  real  earthquake,  upon  which  the  frightened  Zeno  rushed  to  the 
senate  "  and  declared  in  a  tragic  style  that  a  mere  mortal  must  yield  to 
the  power  of  an  antagonist  who  shook  the  earth  with  the  trident  of 
Neptune." 

There  are  reasons  for  believing  that  the  expansive  force  of  the  steam 
which  was  evolved  in  heating  the  immense  volumes  of  water  for  the  hot 
baths  at  Rome,  was  employed  to  elevate  and  discharge  the  contents  of  the 
boilers.  Sir  W.  Gell  has  given,  in  his  Pompeiana,  a  representation  of  a 
set  of  cauldrons  belonging  to  the  ThermsB,  at  Pompeii,  derived  from  im- 
pressions left  in  the  mortar  or  cement  in  which  they  were  embedded.  It 
would  seem  that  several  series  or  sets  were  used,  each  consisting  of  three 
dose  boilers  (in  shape  not  unlike  modern  stills,)  placed  directly  upon,  and 
connected  by  pipes  to  each  other.  The  manner  in  which  they  were  con- 
nected is  not  known;  Gell  says  by  a  species  of  siphon.  The  lowest 
boiler  was  the  largest  and  was  placed  directly  over  the  furnace;  and  the 
arrangement  was  such,  that  when  any  part  of  the  boiling  liquid  was  with- 
drawn, an  equal  quantity,  alresujiy  warmed,  entered  from  the  next  boiler 
abovot  which  at  the  same  time  derived  a  supply  from  the  uppermost  one 
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this  Ust  being  always  kept  Ullci]  hy  a  pipe  from  the  a(]ueJuct  or  caatcl' 
lum.  Remaina  of  [he  pipea,  cocka,  copper  fluea,  &c.  have  been  IouihI  in 
abundance,  but  the  delays  of  the  keatiTig  apparatus  and  those  connected 
with  the  elevation  and  distnbution  of  the  hquld  have  not  been  ascer- 
tained :  thia  ia  to  be  regretted  becauae,  from  the  number  and  raagnitudo 
of  the  hot  baths  at  Some,  the  operations  of  bailing  and  dispersing  the 
water  must  have  been  conducted  on  a  scale  far  more  extensive  tliiui  any 
thing  in  modem  times — the  most  extensive  breweries  and  distillerie* 
not  excepted.  Some  idea  of  the  operationa  may  be  derived  from  the  fact 
that  a.  aitigle  establishment  could  accommodate  two  thousand  persona  with 
warm,  or  rather  hot,  baths  at  the  same  time.  Seneca,  in  a  letter  to  Luci- 
lius,  says  "  there  is  no  difference  between  the  heat  of  the  baiha  and  s 
boiling famace  ;"  and  it  would,  he  observes,  appear  to  a  reasonable  man 
as  a  sufHcicnt  punishment  to  wash  a.  condemned  criminal  in  them.  The 
persons  who  had  the  charge  of  heating  in  close  vessels  and  distributing 
daily  such  large  quantities  of  water,  must  necessarily  have  heen  conver 
sant  with  the  meclianical  properties  of  steam,  and  with  economical  modes 
of  generating  it  In  some  cases  ihe  wat 
a  coiled  copper  tube,  like  a  distiller's  wi 

We  have  previously  remarked  that  the  Komans  also  heated  water  by 
making  it  pass  through  the  hollow  gratea  of  a  furnace.  (See  Pompeii. 
vol.  i,  196,  and  Gell'a  Pompeiaiia.) 

Besides  the  various  applications  of  heated  air  and  of  vapor  already 
noticed,  there  is  in  problem  XLV  of  Heron's  Spintalia,  a  deaciiption  of 
a  close  boiler,  from  the  upper  part  of  which  a  current  issues  that  supports 
e  distance  above  the  boiler  a  light  ball  like  tliose  that  are  made  to 
n  jets  of  water.  {See  the  annexed  figure.  No.  179.)  The  whir- 
ilipile,  No.  ISO,  is  the  subject  of  problem  L— and  is  the  earliest 
entation  of  a  machine  moved  by  steam  that  is  extant.  It  consists 
tail  hollow  sphere,  from 


;r  was  heated  by  passing 
>rm,  which  was  embedded  i: 
t   Romans   also   heated    \v»u 


play  o 


EallpUn,  ftom  Hi 


No.  in. 


which  two  short  tul>ea   proceed 
^^^  in  the  line  of  ita  axis,  a-id  whoao 

enda  are  bent  in  opposite  direc- 
tions. The  sphere  is  suspend- 
ed between  two  columns,  their 
upper  ends  being  pointed  and 
bent  towards  each  'ilher.  One 
of  these  columns  was  hollow  and 
conveyed  steam  fror::  'he  boiler 
into  the  sphere,  and  the  escape 
of  the  vapor  from  the  smalt 
tubes  by  ita  reaction  imparted  a 
revolving  motion  tn  the  sphere. 
These  two  applications  of  steam 
have  been  considered  the  result 
Ijj  of  a  fortunate  random  thought, 

which  Heron,  or  some  other  old 
species  of  chance  medley,  whereas  they  cer- 
'      1  limited  acquaintance  with 


mechanic,  stumbled  on  by  a 

tainly  indicate  an  intimate  ''      ^  , 

ihn  mechanical  properties  of  that  fluid.     We  should  never  suppose  that 

this  elegant  application  of  the  jet  to  sustain  a  ball  in  the  air  was  the  fruit 

of  a  first  attempt  to  use  steam,  much  less  that  the   complex  movement  ot 

the   whirling  eolipile   was  another   thought  of   the   moment.      Did   any 

modem  experimenter  in  hydraulics  ever  hit  upon  the  suspcnMon  of  a  baL 

by  a  jet  of  water  in  hia  first  essays,  or  devise  Barker's  mill  at  a  sitting 
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without  having  ever  heard  of  either  1  No  more  than  any  old  mechahician 
ever  invented  the  above  before  experimental  researches  on  steam  had  be- 
came familiar  to  him,  if  not  to  his  contemporaries.  Besides,  there  have 
been  within  the  last  half  century  not  less  than  half  a  dozen  paterits  taken 
out  for  rotary  steam  engines  identical  in  pi-inciple  with  the  whirling 
eolipile.  The  fact  seems  to  be  that  Heron  selected  the  two  devices 
above,  on  the  same  principle  as  the  rest  of  the  illustrations,  i.  e.  such  as 
in  his  judgment  would  be  the  most  interesting  * 

From  a  remark  of  Vitruvius  in  the  first  book  of  his  Architecture,  chap.  6, 
we  learn  that  those  portable  steam  machines  named  Eohpiles^  (from  Eolus 
the  god  of  wind,  and  their  application  to  create  artificial  winds)  were  in 
common  use  in  his  time.  Speaking  of  the  town  of  Mytilcne,  he  observes 
that  the  inhabitants  were  subject  to  colds,  in  those  seasons  when  cer- 
tain winds  blew ;  and  which  might  have  been  in  some  degree  avoided 
by  a  more  proper  disposition  of  the  streets.  "  Wind,  [he  remarks]  is  only 
a  current  of  air,  flowing  with  uncertain  motion ; — it  arises  from  the  action 
of  heat  upon  moisture — the  violence  of  the  heat  forcing  out  the  blasts  of 
air.  That  this  is  the  fact,  tJve  brass  eolipUes  make  evident ; — for  the  op- 
erations of  the  heavens  and  nature  may  be  discovered  by  the  action  of 
artificial  machines.  These  brass  eolipiies  are  hollow  and  have  a  very  7^ar 
row  aperture,  by  which  t/iey  are  filled  with  water  ^  and  then  placed  (m  the 
fire  :— before  th^iy  become  hotj  they  emit  no  effiuvia,  but  a*  soon  as  the  water 
begins  to  boil,  they  send  forth  a  vehement  blast.^*  As  these  instruments 
have  been  adapted  to  a  great  variety  of  purposes,  as  well  as  being  inti- 
mately connected  with  this  part  of  our  subject,  we  shall  notice  them  with 
some  detail.  From  the  times  of  Vitruvius  to  those  of  Des  Cartes,  and  up 
to  the  present  century,  they  have  been  used  as  philosophical  instramenta 
to  illustrate  the  nature  of  winds  and  meteors,  as  well  as  for  othei  scien- 
tific pursuits.  They  were  used  as  substitutes  for  bellows  in  blast  furna- 
ces and  ordinary  fires.  The  draft  of  chimneys  was  increased  by  nieana 
of  them.  They  were  made  to  produce  music  and  disperse  perfumes. 
They  constituted  the  distilling  vessels  of  the  alchymists,  and  in  ancaher 
form  were  employed  as  weapons  of  war,  and  were  even  deified  ia  the 
steam  idols  o£  o\d.  They  were  the  first  instruments  employed  to  .aise 
water  by  steam,  and  the  first  to  produce  motion  by  it ;  and  hence  they 
constitute  the  germ  of  modern  steam  engines,  to  which  we  may  ado  that 
they  led  to  the  invention  of  steam  guns.  (See  Martin's  Philosopny,  vol. 
ii,  90.)  They  are  commonly  made  of  iron,  brass,  or  strong  copper,  hav- 
ing a  short  neck  in  which  a  very  minute  opening  is  made.  In  order  to 
charge  one  with  water  (or  other  liquid)  it  is  placed  on  a  fire  until  nearly 
red  hot ;  it  is  then  taken  off,  and  the  neck  placed  in  water  or  the  whole 
plunged  in  it,  which,  as  the  vessel  cools,  takes  the  place  of  the  air  driven 
out  by  the  heat.  It  is  then  placed  on  a  brazier  of  charcoal  or  other  fire 
until  steam  is  rapidly  evolved  and  discharged  with  violence  at  the  orifice. 

Vitruvius  has  not  mentioned  the  particular  purposes  for  whicn  eolipiies 
wei  '5  used  by  the  Romans.  It  is  however  known  that  they  were  em- 
yloyed  as  bellows  for  exciting  fires ;  and  as  this  was  not  for  want  of  the 
Utter  instruments,  they  must  have  had  properties   which  rendered  them 


*  U  ills  dancing  on  jets  of  water  and  airf  were  a  favorite  accompaniment  of  the  old 
^ardeu  water  works,  and  hydraulic  organs,  &c.  of  Italy,  where  the  device  has  probably 
been  in  n.so  since  the  times  of  the  Republic  :  the  amusement  of  children  with  peas  on 
tlie  ends  of  tobacco  pipes  or  reeds  is  in  imitation  of  it :  the  current  of  air  blown 
tliroiigh  the  perpendicular  tube  keeps  the  tiny  globe  some  inches  above  the  orifice 
wher9  its  motious  varying  vlth  the  force  of  the  current,  produce  a  verv  a|freeahto 
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pmfitrable,  on  some  occasions,  to  bellows.  One  perhaps  wai  their  occii- 
|>ying'  little  room  on  the  hearth ;  and  another,  their  requiring  no  attendant 
to  keep  up  the  b!a«t.  It  has  already  been  observed  (page  237-8,]  that 
human  bellows-blowers  formed  part  of  the  large  domestic  establishments 
in  ancient  Egypt,  and  Nos.  103  and  104  of  our  illustrations  represent 
some  at  work  in  one  of  the  kitchens  of  the  Pharaohs.  The  practice  wna 
probably  common  among  all  the  celebrated  nations  of  old,  and  we  know 
that  it  was  continued  in  Europe  til!  the  sixteenth  century  if  not  later. 
To  supersede  these  workmen  might  therefore  have  been  one  reason  for 
the  employment  of  eolipiles. 

In  a  Latin  collection  of"  Emlfemn  kumart  and  divine,"  (Prague,  1601.) 
there  is  a  device  of  one  of  the  old  Counts  of  Hapaburg,  which  congisia 
of  a  blowing  eohpile  with  a  stream  of  vapor  issuing  from  it,  and  the 
motto  i««M  Jueo.  (Vol.  ii,  372.)  The  same  device  is  also  given  in  a 
treatise  on  Heroic  SymboU,  Antwerp,  1G34.  Hence  this  ancient  dnmes- 
tic  instrument  was  adopted  on  such  occanons  oa  well  as  the  bellows, 
syringe,  watering  pot,  itc. 

Rivius  in  commenting  on  the  eolipiles  mentioned  by  Vitruvius  describes 
those  in  use  in  his  own  time,  (A.  D.  1548,)  and  gives  several  figures,  from 
which  we  have  selected  the  first  three  of  the  following  ones. 


Rivius  names  them  "  wind  holders"  and  "fire  blowera."  He  says  they 
were  made  in  various  shapes  and  of  different  materials,  and  were  used 
"to  blow  the  fire  like  a  pair  of  bellows."  Somi 
poses,  that  will  presently  be  mentioned,  were  tr 
richly  ornamented,  as  represented  above.  At  a 
sixteenth  century.  Cardan  gave  a  figure  of  one. 
Puria,  and  other  old  writers  also  describe  them. 
chap.  3,  of  hia  Natural  Magic,  speaks  of  them  a 
"---      Sir  Hugh  Platte,  in  1594,  published  r  " 


malic  ball   of  copper,   or   latton   [bra 
Btroiiglie  by  the  attenuation  of  the  v 


led  for  other  pur- 
ade  of  gold  or  silver  and 
subsequent  period  of  the 
(See  No.  194.)  Fludd, 
The  latter,  in  book  xix, 
s  used  in  bouses  to  blow 
ind   description   of 


s]    that  blows   the   lyre   verie 


Bishop  Wilkins,  in  his  .Mathematical  Magic,  (published  in  1648)  speaks 


of  eolipiles  as  then  common, 
such  material  a.s  may  endure  tne 
are  filled  with  water,  and  out  of 
air  doth  issue  forth  with  a  stroni 
qtLtiilly  tued  fur  the  exciting  and 
The.v  may  als 


made,  he  observes,  "  of  si 
-e,  having  a  small  hole,  at  which  they 
hich  (when  the  vessels  are  healed)  the 
and  lasting  violence.  These  are  fre- 
contracting   of  heat  in   the  meliing  oj 


gltutei  or  metalt.  The.y  may  also  be  contrived  to  be  serviceable  for  ai 
dry  other  pleasant  uses,  as  for  the  moving  of  sails  in  a  chimney  comer, 
the  motion  of  which  sails  may  be  applied  to  the  turning  of  a  ?pit,  or  the 
like."  (Book  ii,  chap.  1.)  Kircher  has  given  a  figure  of  an  eolipile 
turning  a  joint  of  meat,  (ds  iudicated  by   "^e  Bishop)  in  the  first  volume 
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af  his  Mundm  Suhterraneut.  page  203.)     Wo  do  not  remember  to  hare 
met  with  a  figure  of  an  eoHpile  applied  to  the  fusing  of  glass  or  metal, 
except  in  the  jivfa  Suhlerranea  of  Lazarus  Erckers  (or  Erckern)  on  Mb 
tallurgy,  published  in  German,  in  1672,  and  which,  like  that  of  Agritola 
is  illustrated  with  numerous  cuts.      The  author  was  superintendent  of  the 
mines  of  Hungry,  Germany,  and  the  Tyrol,  under  three  Emperors,  and 
his  work  is  said  to  contain  every  thing  necessary  to  be  known  in  the 
weaving  of  metala.     The  annexed  figure  is  copied  from  the  fifth  edition, 
(with  notes)  published  at  Frankfort  on 
the  Mayn,  in  1736.     It  ia  named  Eine 
tupffa-ne  kngel  darinn  vraiter  ul,  wird 
nheri fetter  getekl,  vnd  an  ttatt  Einet 
blof-balgi  gehraacht,  and  is  represented 
as  smelting  copper  ore  in  a  cupelo  fur- 
nace.    Erckers  has  figured  it  twice— 
at  pa^ea  1  and  136. 

It  ta  not  a  little  singular  that  this 
mode   of   increasing   the    intensity   of 
fires  by  a  jet  of  steam  directed  into  the 
burning  fuel  has  recently  been  patent- 
ed both  in  this   country   and   Europe. 
It  does  not  however  appear  to   havs 
answered  the  expectations  formed   of 
it,  since  it  hai  never  come  into  general 
use,  nor  are  we   aware   that  it   is   at 
HalSk   8A.liiig^«r.-itliib.blMiofM        present  employed  at  a!l.      Two   obvi 
ouB  discrejMinciea  between  ancient  and 
modem  applications  of  steam  for  such  purposes  may  here  be  noticed,  since 
tliey  will,  we  think,  account  for  the   failure  of  the  latter ;  one   is   in   the 
nature  of  the  fuel — the  other  in  the  temperature  of  the  blast.     In  the  old 
eolipiics,  tiie  steam,  having  but  a  very  minute  passage  through   which   to 
escape,  was  raised  to  a   temperature   which   far  exceeded  that  which  ia 
gen(*ated  in  ordinary  steam  engine  boilers — the  vapor  was  perfet'ily  in- 
visible, and  its  escape  only  known  by  the  sound  of  the  blast,  and  its  effect 
on  ihe  fire.    But  in  late  experiments  the  current  consisted  of  steam  loaded 
with  moisture— a  mass  of  aqueous  globules  poured  into  the  fire,  instead  of 
the  rarefied  and  glowing  anra  that  rushed  with  such  impetuous  velocity 
from  eolipilea.     The  poweriul  effect  of  the  latter   on  fires  of  wood  and 
charcoal  is  unquestionable,  but  the  results  of  similar  blasts  on  other  kinds 
of  fuel  (as  stone  coal)  has  not  yet  we  believe  been  sufficiently  ascertained. 
Another   dilTerencp   consisted   in   the   dimenwons  of  the   volumes  of  the 
blasts  ; — the  one  froi^  the  eolipile  was  small   and   compact — that   of  the 
other  large  and  diifuse,  a  circumstance  that  may  account  still  further  for 
the  different  results ;  for  it  should  be  remembered  that  in  using  an  eolipile 
it  is  not  the  jet  of  steam  alone  that  is  impelled   against   the   burning   fuel, 
but  a  volume  of  atmospheric  air  is  set  in  motion  by  the  bloat   and    carricu 
into  the  fire  along  with  it  :  the  same  thing  takes  place  in  using  a  common 
bellows,  more  air  being  forced  against  the  fire  than  what  issues  from  the 
nozzle  ;  and  hence  as  the  velocity  of  the  jet  from  an  eolipile   was   much 
greater  and  the  jet  itself  smaller  than   those  of  modem   applications   of 
■team  for  the   same  purpose,   a  much   larger  proportion  of  air  was  also 
borne  along  with  it     It  ia  proLible  that  on  particular  occasions   the   an> 
cients  filled  theiu  with  oil  or  spirituous  liquors  instead  of  water,  in  order 
U>  ptomot"!  a  more  rapid  combustion. 

l"ae  idea  of  increasing  the  heat  of  fires  by  water  ia  very  old.     Plin\ 
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says  that  charcoal  which  has  been  wetted  gives  but  more  heat  than  that 
which  is  always  kept  dry.  (Nat.  Hist.  B.  xxxiii,  cap.  5.)  Dr.  Fryer 
speaks  of  "  water  cast  on  sea  coal"  rendering  the  heat  more  intense. 
(Travels,  Lon.  1698,  p.  290.) 

If  there  was  no  evidence  that  eolipiles  had  been  moulded  into  various 
shapes  of  men,  animals,  &c.  we  might  have  concluded  that  such  was  the 
fact  from  what  is  known  of  the  practice  of  the  ancients.  Whenever  the 
design,  action  or  movement  of  a  machine  or  implemont  corresponded  at 
all  with  those  of  men,  it  was  sure  to  resemble  them  in  form,  if  its  use  could 
possibly  admit  of  it.  The  taste  for  such  things  was  universal  in  former 
times,  and  is  to  a  certain  extent  indulged  in  all  times.  It  seems  inhe- 
rent in  savage  people;  hence  their  grotesque  and  monstrous  statues  or  idols, 
speaking  heads  and  other  androidii  of  the  old  mechanics.  There  has  in 
fact  always  been  a  predominating  disposition  to  imitate  the  human  form; 
and  in  accordance  with  it,  eolipiles  were  made  to  assume  the  figures  of 
men,  boys,  &c.  the  blast  escaping  from  the  eyes,  mouth,  or  other  parts  of 
the  figure.  Even  so  late  as  the  seventeenth  century  we  are  told  that  "  to 
render  eolipiles  fnore  agreeable,  they  commonly  make  them  in  the  form 
of  a  head,  with  a  hole  at  the  mouth."  (Ozanam's  Mathematical  and  Phy- 
suiol  Recreations,  English  translation,  London,  1708,  419.)  It  was  in- 
deed natural  that  these  machines  should  be  made  to  resemble  figures  of 
the  god  from  whom  they  were  named.  An  old  one  is  described  in  the 
Encyclopedia  of  Antiquities  as  "  made  in  the  shape  of  a  short  fat  man 
with  very  slender  arms,  in  a  curious  wig,  cheeks  extremely  swollen,  a 
bole  behmd  for  filling  it,  and  a  small  one  at  the  mouth  for  the  blast." 

Most  readers  are  aware  that  tenures  by  which  lands  were. held  in  the 
middle  ages  were  often  based  on  the  most  trifling  and  ridiculous  consi- 
derations. Camden  has  noticed  a  great  number  in  his  Brittannia,  and  in 
the  description  of  the  county  of  Suffolk,  there  is  one  which  seems  to  have 
had  reference  to  the  employment  of  an  eolipile ;  but  whether  it  had  or  not, 
there  is  in  Dr.  Plott's  History  of  Shropshire  an  account  of  one  of  these 
"merry  tenures"  in  which  blowing  the  fire  with  an  eolipile  formed  part 
of  the  duty  required.  The  instrument  was  of  the  human  form  and  de- 
si  o^nated,  like  many  other  domestic  utensils,  by  the  soubriquet  "  Jack.*' 
"Jack  of  Hilton,  a  little  hollow  image  of  brass,  about  twelve  inches  high, 
with  his  right  hand  on  his  head  and  his  left  on  pego,"  blows  the  fire  in 
Hilton-hall  every  new  year's  day,  while  the  Lord  of  Essington  drives  a 
goose  three  times  round  it,  before  it  is  to  be  roasted  and  eaten  by  the 
Lord  of  Hilton  or  his  deputy.  In  some  accounts  it  is  stated  that  the 
image  blew  the  fire  while  the  goose  was  roastin?,  which  is  more  proba- 
ble than  the  other.  The  custom  is  supposed  to  have  been  continued  at 
Hilton-hall  from  the  tenth  or  eleventh  to  the  seventeenth  century.  This 
image  is  considered  by  some  writers  as  an  ancient  idol. 

From  the  above  use  of  eolipiles  it  will  be  perceived  that  there  is  a 
similar  analogy  between  them  and  machines  to  raise  water  by  steam,  a3 
between  pumpo  and  bellows ;  every  device  for  blowing  a  fire  having  ueen 
uoed  to  raise  liquids. 

It  will  readily  be  imagined  that  these  blowing  images  offered  too  many 
advantages  to  escape  being  pressed  into  the  secret  services  of  the  temples, 
even  supposing  they  did  not  originate  in  them.  By  charing  the  interior 
with  different  fluids  the  results  could  be  varied  according  to  circum- 
stances, and  if  an  inflammable  linuid  was  employed,  as  oil,  spirits  of  wine, 
turpentine,  &c.  &c.  streams  and  flashes  af  fire  could  be  made  to  shoot 
from  any  or  every  part  of  the  figure.  Enough  is  known  to  convince  us 
that  such  things  were  often  done.     Notwithstanding  all  the  care  of  the 
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old  priests  to  conceal,  and  wlien  concealment  was  impracticable  to  de^ 
troy  their  apparatus,  some  specimens  of  their  machinery  have  come  down. 
In  the  fifteenth  or  early  part  of  the  sixteenth  century,  an  eolipilic  idol  of 
the  ancient  Germans  was  found  in  making  some  excavations,  and  is  we 
believe  still  extant.  A  figure  of  it  is  inserted  in  the  second  volume  of 
Montfaucon's  Antiquities.  It  is  made  of  a  peculiar  species  of  bronze  and 
is  between  three  and  four  feet  in  height,  and  the  body  two  and  a  half  in 
circumference.  Its  appearance  is  very  uncouth.  It  is  without  drapery, 
with  one  knee  on  the  ground,  the  right  hand  on  the  head,  and  the  left, 
which  is  broken  off,  rested  upon  the  thigh.  The  cavity  for  the  liquid 
holds  about  seven  gallons,  and  there  are  two  openings  for  the  escape  of 
the  vapor,  one  at  the  mouth  and  the  other  in  the  forehead.  Inese 
openings  were  stopped  with  plugs  of  wood,  and  the  priests  had  secret 
means  of  applying  the  fire.  It  appears  from  Weber  and  other  German 
writers  on  the  subject  that  this  idol  was  made  to  express  various  passions 
of  the  deity  it  represented,  with  a  view  to  extort  offerings  and  sacrifi- 
ces from  the  deluded  worshippers;  and  that  the  liquid  was  inflammable. 
When  the  demands  of  the  priests  wer«  not  complied  with,  the  ire  of  the  god 
was  expressed  by  sweat  (steam)  oozing  from  all  parts  of  his  body  ;  and 
if  the  people  still  ren^ained  obdurate,  his  fury  became  terrible  :  murmurs, 
bellowings,  and  even  thunderbolts  (the  wooden  plugs)  burst  from  him ; 
flashes  or  streams  of  fire  rushed  from  his  mouth  and  head,  and  presently 
he  was  enveloped  in  clouds  of  smoke;  when  the  people,  horror  stricken, 
consented  to  comply  with  tho  requisitions.  It  is  very  evident  from  the 
accounts  that  the  priests  had  the  means  of  rapidly  increasing  or  diminish- 
ing the  intensity  of  the  fire,  as  the  disposition  of  the  worshippers  required 
the  idol  to  express  approbation  or  displeasure.  It  further  appears  that  the 
monks  in  the  middle  ages  made  use  of  this  idol,  and  found  it  not  the  least 
effectual  of  their  wonder- working  machines.  It  was  in  fact  in  this  man- 
ner chiefly  that  the  great  body  of  ecclesiastics  then  maintained  their  in- 
fluence over  the  multitude.  The  very  same  devices  which  their  prede- 
cessors had  found  effectual  in  the  temples  of  Osiris,  Ceres,  and  Bacchus, 
were  repeated ;  and  such  images  of  the  heathen  gods  and  goddesses  as 
had  escaped  destruction  were  converted  into  those  of  Christian  saints, 
and  being  repaired  were  made  to  perform  the  same  miracles  which  they 
had  done  before  in  pagan  Greece  and  Rome.  Monks,  as  we  have  before 
observed,  were  then  the  most  expert  mechanicians,  and  some  of  their 
most  elaborate  productions  were  imitations  of  ancient  androidii — and 
the  speaking  heads  of  Bacon,  Robert  of  Lincoln,  Gerbert  and  Albertus, 
were  considered  proofs  of  an  intercourse  subsisting  between  their  owners 
and  spirits,  as  much  so  as  in  the  cases  of  Orpheus  and  Odin,  and  other 
magicians  of  old. 

The  name  of  the  (Jerraan  idol  is  written  differently  :  Puster,  Fluster, 
Plusterich,  Buestard,  Busterich,  are  all  names  given  to  it  and  the  deity  it 
represents.  The  name  is  said  to  be  derived  from  the  Saxon  verb  pusten, 
to  blow — or  pnsteTf  a  bellows  :  this-  shows  its  connection  with  the  eolipile 
as  a  "  fire  blower ;  and  it  is  probable  that  from  these  eolipilic  idols  the 
term  JEolist,  "  a  pretender  to  inspiration,"  is  derived.  (See  Dictionary 
Trevoux.  Art.  Puster.)  This  ancient  steam  idol  was,  A.  D.  1546,  placed 
for  safe  keeping  in  the  fortress  of  Sunderhausen,  where  it  remained  dur* 
inff  the  last  century. 

How  singular  that  steam  should  have  been  among  the  motive  agents 
of  the  most  ancient  idols  of  Egypt  (as  the  Statue  of  Memnon  and  others) 
and  in  some  of  the  deified  images  of  Europe  I  That  it  should  formerly 
have  been  employed  with  tremendous  effect  to  delude  men,  to  lock  therm 
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in  ignorance  ;  while  it  now  contributes  ao  laro^ely  to  enlighten  and  benefit 
'nankind.  These  instances  of  early  appli(^ations  of  steam  make  ns  regret 
that  detailed  descriptions  of  the  various  apparatus  have  not  been  preserved. 
Many  ingenious  devices  were  evidently  employed,  and  although  we  con- 
demn the  contrivers  of  such  as  were  used  for  purposes  of  delusion,  we 
cannot  but  admire  the  ingenuity  which  even  these  men  di^layed,  in  ex- 
hibiting before  a  barbarous  people  their  eods  in  the  most  imposing  man- 
ner and  with  such  terrific  effect — in  making  idols  express  by  means  of 
steam  approbation  and  anger  with  the  voice  of  thunder  or  the  hissing 
of  dragons,  and  causing  them  to  appear  and  disappear  in  clouds  of  smoke 
and  sheets  of  flame. 

It  is  probable  from  the  antiquity  of  these  idols  and  of  eolipiles  that 
allusions  to  both  might  be  found  in  the  Bible.  May  not  such  expressions 
as  **  the  blast  of  his  mouth,"  "  the  blast  of  the  terrible  ones,"  "  the  blast 
of  his  nostrils,"  &c.  have  reference  to  eolipiles  or  steam  idols  of  old  ? 
**  Their  molten  images  [says  Isaiah]  are  wind  and  confusion."  Hosjiita- 
bly  receiving  a  traveler  into  the  house  during  a  storm,  and  protecting 
him  from  the  inconvenient  heat  of  the  fire  when  urged  by  an  eolipile,  ma^ 
be  alluded  to  by  the  same  prophet  in  the  following  passage  :  "  Thou  hast 
been  a  strength  to  the  poor,  a  strength  to  the  needy  in  his  distress,  a  re- 
fuge from  the  storm,  a  shadow  from  the  heat  when  the  blast  of  the  terrible 
ones  is  as  a  storm  against  the  walls."  The  expression  *  terrible  ones,' 
probably  referring  to  the  hideotisfornu  into  which  we  have  already  seen 
those  blowing  instruments  were  moulded.  Eolus  the  god  of  winds  was 
represented  **  with  swoln  cheeks,  like  one  who  with  main  force  blows 
a  blast,  with  wings  on  his  shoulders  and  a  fiery  countenance."  Idols 
were  always  made  of  a  terrific  form,  and  are  so  made  by  barbarous  peo- 
ple at  the  present  day.  When  God  is  personified  as  blowing  on  the  Jire, 
13  there  not  an  allusion  to  these  instruments  1 

Eusebius,  in  the  third  book  of  his  life  of  Constanfine,  says  that  when 
images  were  subverted,  among  other  things  found  in  some  of  them  were 
"  small  faggots  of  sticks" — perhaps  the  remains  of  fuel  employed  to  raise 
steam  in  them.* 

From  the  observation  of  one  of  the  early  travelers  into  the  East,  \\ 
seems  that  eolipiles  were  employed  even  in  war  and  with  great  effect 
Carpini,  in  the  account  of  his  travels,  A.  D.  1286,  describes  a  species  ol 
eolinile  of  the  human  form,  and  apparently  charged  with  an  inflammable 
liquid,  as  having  been  used  in  a  battle  between  the  Mongals  and  the 
troops  of  Prester  John.  The  latter,  he  says,  caused  a  number  of  hollow 
figures  to  be  made  of  copper,  which  resembled  men,  and  being  ciiarged 
with  some  combustible  substance,  "  were  set  upon  horses,  each  having  a 
man  behind  on  the  horse  with  a  pair  of  bellows,  to  stir  up  the  fire. 
When  approaching  to  give  battle,  these  mounted  images  were  first  sent 
forward  against  the  enemy,  and  the  men  who  rode  behind  set  fire  by  some 
means  to  the  combustibles,  and  blew  strongly  with  their  bellows ;  and  the 
Mongal  men  and  horses  were  burnt  with  wild  fire  and  the  air  was  dark- 
ened with  smoke."**  Supposing  these  eolipiles  to  have  been  charged 
with  alcohol  or  spirit  of  wme,  they  must  have  been  (as  we  see  they  were) 
of  terrible  effect,  since,  as  modem  experiments  show,  a  jet  of  flame  from 
each  might  have  extended  to  a  distance  of  twenty-five  or  thirty  feet. 

Besides  blowing  directly  upon  or  against  a  fire,  eolipiles  were  employed 
to  tncrease  the  draft  of  chimneys,  for  which  purpose  the  jet  rose  perpen- 
dicilarly  from  the  centre  of  the  dome,  as  in  No.  181.     One  or  two  stand- 
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Ing  on  the  hearth  and  heated  by  the  fire,  close  to  which  they  «vere  placed, 
the;  vapor  rushed  through  the  orifice  and  drove  the  smoke  before  it ;  and 
al  the  same  time  induced  a  current  of  atmospheric  air  to  follow  in  lh<* 
same  direction.  Sometimes  those  designed  for  this  purpose  had  a  handU 
or  bail  to  suspend  them  over  the  fire,  as  No.  183.  As  several  ancient 
domestic  customs  still  prevail  in  Italy,  and  numerous  culinary  and  other 
implements  found  in  Herculaneum  and  Pompeii  are  similar  to  those  now 
used,  it  might  be  supposed  that  some  relics  of  eolipiles  and  their  uses 
would  be  still  met  with  in  that  country.  The  supposition  has  been  veri- 
fied ;  for  we  are  informed  that  these  instruments  are,  or  were  in  the 
seventeenth  century,  "  commonly  made  use  of  in  Italy  to  cure  smoaky 
chimneys,  for  being  hung  over  the  fire,  the  blast  arising  from  them  carries 
up  the  loitei-ing  smoke  along  with  it" — and  again,  "  an  eolipile  has  been 
sometimes  placed  in  a  chimney  where  it  can  be  heated,  the  vapor  of  which 
serves  to  drive  the  smoke  up  the  chimney."  This  application  of  steam, 
it  will  be  perceived,  is  similar  to  that  lately  adopted  to  increase  the  draft 
of  chimneys  of  locomotive  carriages. 

Rivius  mentions  another  use  of  eolipiles.  He  says  some  were  made 
of  gold,  silver  and  other  costly  metals,  and  were  filled  with  scented 
water,  "  to  cause  a  pleasant  tejnperature,  to  refresh  the  spirit  and  rejoice 
the  heart,  not  only  of  the  healthy  but  also  of  the  sick."  He  observes 
that  they  were  used  for  these  purposes  in  the  halls  and  chambers  of  the 
wealthy.  Rhenanus,  an  old  German  writer,  who  died  in  1547,  enumera- 
ting the  treasures  belonging  to  the  ancient  church  at  Mentz,  mentions 
eolipiles  in  the  form  of  "  silver  cranes,  in  the  belly  of  which  was  put  firf*" 
and  which  gave  out  "  a  sweete  savour  of  perfumes  by  the  open  beake." 
Seneca  has  observed  that  perfumes  were  sometimes  disseminated  in  the 
amphitheatres,  by  being  mixed  with  boiling  water,  so  that  the  od(»r  rose 
and  was  diffused  by  the  steam.  We  learn  from  Shakespeare  that  perfum- 
ing rooms  was  common  in  his  time,  the  neglect  of  cleanliness  rendering 
such  operations  necessary.  It  is  probable  diat  he  refers  to  the  same  pro- 
cess as  that  mentioned  by  Rivius.  **  Being  entertained  for  a  perfumer, 
as  I  was  smoking  a  room."     '*  Much  ado  about  Nothing"  Act  1,  Seme  3. 

Eolipiles  were  also  employed  to  produce  music.  By  adapting  trum- 
pets, flutes,  clarionets,  anu  other  wind  instruments  to  the  neck  or  orifice 
of  one,  they  were  sounded  as  by  currents  of  air.  This  application  of 
iolipiles  is  probably  coeval  with  their  invention.  It  \i  indeed  only  a 
variation  of  the  supposed  musical  apparatus  of  the  Memnonian  Statue, 
and  of  the  devices  aescribed  by  Heron.  All  the  old  writers  on  eolipiles 
mention  it.  Fludd  figures  a  variety  of  instruments  sounded  by  currents 
of  steam;  and  Rivius,  after  noticing  the  use  of  eolipiles  (or  blowing  fires 
and  fumigating  rooms,  observes  "they  are  also  made  to  produce  music, 
the  steam  passing  through  reeds  or  organ  pipes,  so  as  to  cause  astonish- 
ment in  those  who  have  no  idea  of  such  wonderful  operations."  Gerbert 
applied  eolipiles  in  plnce  of  bellows  to  sound  an  organ  at  Rheims  in  the 
tenth  century ;  and  the  instrument  according  to  William  of  Malmsbury 
was  extant  two  hundred  years  afterwards.  (During  the  middle  ages, 
the  churchmen  were  the  only  organ  makers ;  and  even  so  late  as  the 
sixteenth  century,  they  retained  the  manufacture  chiefly  in  their  own 
hands  :  in  the  household  book  of  Henry  VIII.  mention  is  made  of  two 
payments  of  ten  pounds  each  to  John,  or  **  Sir  John,  the  organ  maker," 
of  whom  the  editor  says,  '  it  is  almost  certain  that  he  was  a  priest.') 

The  preceding  notice  of  eolipiles  is  due  to  them  as  the  true  germ  of 
modern  steam  engines,  for  such  they  were,  whether  the  latter  bo  cnn«ider- 
ed  as  devices  for  raising  water  only,  or  as  machines  to  move  others.   We 
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have  5C<m  that  the  oldest  apparatus  moved  by  steam,  of  which  there  if 
any  account,  Wiis  an  eolipilc  suspended  on  its  axis,  at  once  both  boiler 
and  engine,  (No.  180)  and  we  shall  find  that  the  first  attempts  to  raise 
water  by  the  same  fluid  were  made  with  the  same  instruments.  Indeed, 
all  the  early  experiments  on  steam  were  made  with  eolipiles,  and  all  the 
first  steam  machines  were  notliing  else. 


CHAPTER   IV. 


Eaiploymeiit  of  •team  in  former  times — Claimi  of  rarioiu  people  to  the  eteam  englDe— AppUcatioa 
of  eteam  a«  a  motive  agent,  perceived  by  Roger  Bacon— Other  modern  inventioiu  and  diacoveriea  knowa 
lo  him— Spanish  iteam-ahip  in  1543— Official  documents  relating  to  it— Remarlis  on  these— Antiquity  of 
paddle-wheels  as  propellers — Project  of  the  author  for  propelling  vessels— Experiments  on  steam 
in  the  sixteenth  century — Jerome  Cardan — Vacuum  formed  by  the  condensation  of  steam,  known  to  the 
Alchymists — Experiments  from  Fludd — Others  from  Porta— Expansive  force  of  steam  illustrated  by  old 
authors — ^Interesting  example  of  raising  water  by  steam  from  Porta — ^Mathesius,  Canini  and  Besson— 
Device  for  raising  hot  water  from  Decaus — Invention  of  the  steam  engine  claimed  by  Arafro  for  France- 
Nothing  new  in  the  apparatus  of  Decaus,  nor  in  the  principle  of  its  operation — Hot  springs— tieysei»-- 
Boilers  with  tubular  spouts — ^Eolipiles— OlMervations  on  Decaus — Writings  of  Porta— Claims  of  Arago 
la  behalf  of  Decaus  untenable— >Instances  of  hot  water  raised  by  steam  in  the  arts— Manufacture  of  soap- 
Discovery  of  iodine — Ancient  soap  makers — Soap  vats  in  Pompeii — ^Manipulations  of  ancient  mechanics  ■• 
Loss  of  ancient  writings— Large  sums  anciently  expended  on  soap— Logic  of  Omar. 

It  will  ha\e  been  perceived  from  the  preceding  chapter  that  eolipiles 
for  blowing  fires  and  for  other  purposes  were  formerly  common,  and  conse- 
quently that  people  were  familiar  with  the  generation  of  steam,  and  of 
high  steam  too,  long  before  modern  steam  engines  were  known.  Of  the 
applications  of  this  fluid  to'  produce  motion  or  raise  liquids,  during  the 
long  period  that  intervened  between  the  time  of  Heron  and  the  introduc- 
tion of  printing  into  Europe,  scarcely  any  thin^  is  known  ;  yet  there  can 
be  no  doubt  that  it  was  occasionally  used  to  a  limited  extent  for  one  pur 
pose  or  the  other,  and  perhaps  for  both. 

As  the  origin  and  early  progress  of  the  steam  engine  are  necessarily  con 
nected  with  this  part  of  our  subject,  the  inquisitive  reader  will  not  object 
to  dwell  a  little  upon  k,  although  some  parts  of  the  detail  do  not  relate 
directly  to  the  elevation  of  liquids. 

From  the  important  and  increasing  influence  of  the  steam  engine  on 
human  aflairs,  a  controversy  has  arisen  between  writers  of  different  na- 
tions respecting  the  claims  of  their  countrymen  to  its  invention ;  and  some 
acrimonious  feelings  have  been  displayed.  This  is  to  be  regretted  as 
fostering  prejudices  and  passions  which  it  is  the  province  of  philosophers 
to  eradicate— not  to  cherish.  National  vauntings  may  form  articles  in 
the  creed,  as  they  are  made  to  contribute  to  the  capital  of  politicians ; 
but  should  find  no  place  in  that  of  a  savan.  Philosophy,  like  Christianity, 
contemplates  mankind  as  one  family,  and  recognizes  no  sectional  boast- 
ing. Neither  science  nor  the  arts  are  confined  bv  degrees  of  longitude, 
nor  are  the  scintillations  of  genius  to  be  measured  by  degrees  from  the 
equator.     As  in  the  republic  -of  letters,  so  in  that  of  science  and  the  arta« 


CKap.  4.]  '    Spanish  Slcam  Ship  in  15i3.  40S 

geographical  distinctions  respecting  the  abode  of  its  citizens  shiiuld  be 
unknown. 

A  few  scattered  relics  of  ingenious  men  who  flourished  in  the  dark 
ages  are  still  extant,  which  serve  to  convince  us  that  experimental  re- 
searches of  some  of  the  monks  and  other  ardent  inquirers  after  knowledge 
in  those  times  were  more  extensive,  and  evinced  a  more  thorough  ac- 
quaintance with  the  principles  of  natural  philosophy,  than  is  generally 
surmised.  The  following  remarks  of  Roger  Bacon  are  an  instance.  From 
them  we  may  safely  infer  that  he  was  aware  of  the  elastic  force  of  steam 
and  its  applicability  to  propel  vessels  on  water  and  carriages  on  land. 
That  he  was  acquamted  with  gunpowder  is  generally  admitted,  and  it 
would  seem  that  neither  diving  bells  nor  suspension  bridges  escaped  him: 
'*  Men  may  construct  for  the  wants  of  navigation  such  machmes  that 
the  greatest  vessels,  directed  by  a  single  man,  shall  cut  through  the  rivers 
and  seas  with  mora  rapidity  than  if  they  were  propelled  by  rowers ; 
chariots  may  be  constructed  which,  without  horses,  shall  run  with  immea- 
surable speed.  Men  may  conceive  machines  which  could  bear  the  diver, 
without  danger,  to  the  depth  of  the  waters.  Men  could  invent  a  multi- 
tude of  other  engines  and  useful  instruments,  such  as  bridges  that  shall 
span  the  broadest  rivers  without  any  intermediate  support.  Art  has  its 
thunders  more  terrible  than  those  of  heaven.  A  small  quantity  of  matter 
produces  a  horrible  explosion,  accompanied  by  a  bright  light ;  and  this 
may  be  repeated  so  as  to  destroy  a  city  or  entire  battalions." 

Bacon  was  not  a  man  to  speak  or  write  in  this  manner  at  random.  His 
experiments  led  him  to  the  conclusions  he  has  thus  recorded,  for  he  was 
by  far  the  most  talented  and  indefatigable  experimental  philosopher  of 
his  age.  His  discoveries  however  were  not  understood,  or  their  impor- 
tance not  appreciated,  for  he  was  imprisoned  ten  years  as  a  practiser  of 
magic,  &c.  There  is  a  remark  in  his  treatise  "  on  the  secret  works  of 
art  and  nature,"  that  is  too  valuable  to  be  omitted :  he  says  a  person  who 
is  perfectly  acquainted  with  the  manner  that  nalvre  (^serves  in  her  opera' 
tians,  can  not  only  rival  but  surpass  her.  **  That  he  was  acquainted  with 
the  rarefaction  of  air,  and  the  structure  of  the  air  pvmp^  is  past  contradic- 
tion." He  was  (says  Dr.  Friend)  the  miracle  of  the  times  he  lived  in, 
and  the  greatest  genius  perhaps  for  mechanical  knowledge  which  ever 
appeared  in  the  world  since  Archimedes.  The  camera  obscura  and 
telescope  were  known  to  him,  and  he  has  described  the  mode  of  making 
reading  glasses.  Most  of  the  operations  now  used  in  chemistry  are 
said  to  be  described  or  mentioned  by  him.  A  description  of  his  laborato- 
ry and  of  the  experiments  he  made,  with  a  sketch  of  the  various  appara- 
tus employed,  would  have  been  infinitely  more  valuable  than  all  the 
volumes  on  scholastic  divinity  that  were  ever  written. 

In  1543,  a  naval  officer  under  Charles  V.  is  said  to  have  propelled  a 
ship  of  two  hundred  tons,  by  steam,  in  the  harbor  of  Barcelona.  No 
account  of  his  machinery  is  extant,  except  that  he  had  a  large  copper 
boiler,  and  that  -paddle  wheels  were  suspended  over  the  sides  of  the 
vessel.  Like  all  old  inventors  he  refused  to  explain  the  mechanism.  The 
following  account  was  furnished  for  publication  by  the  superintendent  of 
the  Spanish  royal  archives.  "  Blasco  He  Garay,  a  captain  in  the  navy, 
proposed  in  1543,  to  the.  Emperor  and  King,  Charles  the  Fifth,  a  machine 
to  propel  large  boats  and  ships,  even  in  calm  weather,  without  oars  or 
sails.  In  spite  of  the  impediments  and  the  opposition  w>  ich  this  project 
met  with,  the  Emperor  ordered  a  trial  to  be  made  of  it  in  the  port  of 
Barcelona,  which  in  fact  took  place  on  the  17th  of  the  month  of  June, 
of  the  said  year  1543.     Graray  would  not  explain  the  particulars  of  his 
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discovery  :  it  was  evident  however  during  the  experiment  that  it  consisted 
in  a  large  copper  of  boiling  water,  and  in  moving  wheels  attached  to 
either  side  of  the  ship.  The  experiment  was  tried  on  a  ship  of  two  hun- 
dred tons,  called  the  Trinity,  which  came  from  Colibre  to  discharge  a 
cargo  of  corn  at  Barcelona,  of  which  Peter  de  Scarza  was  captain.  By 
order  of  Charles  V,  Don  Henry  de  Toledo  the  governor,  Don  Pedro  de 
Cordova,  the  treasurer  Ravago,  and  the  vice  chancellor,  and  intendant 
of  Catalonia  witnessed  the  experiment.  In  the  reports  made  to  the  em- 
peror and  to  the  prince,  this  ingenious  invention  was  generally  approved, 
particularly  on  account  of  the  promptness  and  facility  with  which  the 
ship  was  made  to  go  about.  The  treasurer  Ravago,  an  enemy  to  the 
project,  said  that  the  vessel  could  be  propelled  two  leagues  in  three  hours— 
that  the  machine  was  complicated  and  expensive — and  that  there  would 
be  an  exposure  to  danger  in  case  the  boiler  should  burst.  The  other 
commissioners  affirmed  that  the  vessel  tacked  with  the  same  rapidity  as 
a  galley  manoeuvred  in  the  ordinary  way,  and  went  at  least  a  league  an 
hour.  As  soon  as  the  experiment  was  made  Graray  took  the  whole  ma- 
chine with  which  he  had  furnished  the  vessel,  leaving  only  the  wooden 
part  in  the  arsenal  at  IWcelona,  and  keeping  all  the  rest  for  himself.  In 
spite  of  Ravago*s  opposition,  the  invention  was  approved,  and  if  the 
expedition  in  which  Charles  the  Vth  was  then  engaged  had  not  prevented, 
he  would  no  doubt  have  encouraged  it.  Nevertheless,  the  emperor  pro- 
moted the  inventor  one  grade,  made  him  a  present  of  two  hundred 
thousand  marave<iis,  and  ordered  the  expense  to  be  paid  out  of  the  trea- 
sury, and  granted  him  besides  many  other  favors." 

"  This  account  is  derived  from  the  documents  and  original  registers 
kept  in  the  Royal  Archives  of  Simuncas,  among  the  commercial  papers 
of  Catalonia,  and  from  those  of  the  military  and  naval  departments  for 
the  said  year,  1543.  Thomas  Gonzalez. 

"  Simuncas,  August  27,  1825." 

From  this  account  it  has  been  inferred  that  steam  vessels  were  invented 
in  Spain,  being  only  revived  in  modem  times  ;  and  that  Blasco  de  Graray 
should  be  regarded  as  the  inventor  of  the  first  steam  engine.  As  long  as 
the  authenticity  of  the  document  is  admitted  and  no  earlier  experiment 
adduced,  it  is  difficult  to  perceive  how  such  a  conclusion  can  be  avoided ; 
at  least  so  far  as  stream  vessels  are  concerned.  It  may  appear  singular  that 
this  specimen  of  mechanical  skill  should  have  been  matured  in  that  coun- 
try ;  but  at  the  time  referred  to,  Spain  was  probably  the  most  promising 
scene  for  the  display  of  such  operations.  Every  one  knows  that  half  a 
century  before,  Columbus  could  find  a  patron  no  where  else.  The  great 
loss  which  Charles  sustained  in  his  fleet  before  Algiers  the  previous  year, 
must  have  convinced  him  of  the  value  of  an  invention  by  which  ships 
could  be  propelled  without  oars  or  sails  ;  and  there  is  nothing  improbable 
in  supposing  the  loss  on  that  occasion  (fifteen  ships  of  war  and  one  hun- 
dred and  forty  transports,  in  which  eight  thousand  men  perished  and 
Charles  himself  narrowly  escaped)  was  one  principal  reason  for  Captain 
Garay  to  bring  forward  his  project.  M.  Arago,  who  advocates  with  pe- 
culiar eloquence  and  zeal  the  claims  of  Decaus  and  Papin,  as  inventors 
of  the  steam  engine,  thinks  the  document  should  be  set  aside  for  the  fol- 
lowing reasons :  Ist.  Because  it  was  not  printed  in  1543.  2d.  It  does 
not  sufficiently  prove  that  steam  was  the  motive  agent  3d.  If  Captain 
G-aray  really  did  employ  a  steam  engine,  it  was  ''  according  to  all  appear- 
ance the  reacting  eolipile  of  Heron,  and  therefore  nothing  new.  To 
ufi  there  Joes  not  appear  much  force  in  these  reasons.     M.  Arago  ob 
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sen'es,  "  manuscript  documents  cannot  have  any  value  with  the  public, 
because,  generally,  it  has  no  n>eans  whatever  of  verifying  the  date  a»- 
tigned  to  them."  To  a  limited  extent  this  may  be  admitted.  Respecting 
private  MSS.  it  may  be  true ;  but  surely  official  and  national  records  like 
those  referred  to  by  the  Spanish  secretary  should  be  exce'pted.  We 
have  in  the  eighth  chapter  of  our  Third  Book  quoted  largely  from  official 
MS.  documents  belonging  to  this  city,  (New- York  :)  now  these  are  pro- 
served  in  a  public  office  and  may  be  examined  to  verify  our  extracts  as 
well  as  their  own  authenticity  :  and  the  Spanish  records  we  presume  are 
equally  accessible,  and  their  authenticity  may  be  equally  established.  The 
mere  printing  of  both  could  add  nothing  to  their  credibility,  although  it 
would  afford  to  the  public  greater  facilities  of  judging  of  their  claims  to  it. 
So  far  from  rejecting  such  sources  of  information  respecting  the  arts  of 
former  times,  we  should  have  supposed  they  were  unexceptionable. 

But  it  is  said — ^ahhough  a  boiler  is  mentioned,  that  is  not  sufficient  proof 
that  Heam  was  the  impelling  agent,  since  there  are  various  machines  in 
which  fire  is  used  under  a  boiler,  without  that  fluid  having  any  thing  to 
do  with  the  operations  :  W^ell,  but  the  account  states  that  which  really 
appears  conclusive  on  this  point,  viz.  that  this  vessel  contained  "  boiling 
Vfatcr**  and  that  Ravago  the  treasurer,  opposed  the  scheme  on  the  ground 
that  there  would  be  an  exposure  to  danger  *'  in  case  the  boiler  shouH 
burst."  As  this  danger  could  not  arise  from  the  liquid  contents  merely, 
but  from  the  accumulation  of  steam,  (the  irresistible  force  of  which  was, 
as  has  been  observed,  well  known  from  the  employment  of  eolipiles)  it  is 
obvious  enough  that  this  fluid  performed  an  essential  part  in  the  opera- 
tion— in  other  words  was  the  source  of  the  motive  power.  Had  it  not 
been  necessary,  Garay  would  never  have  furnished  in  it  such  a  plausible 
pretext  for  opposition  to  his  project.  It  has  been  also  said  **if  we  wero 
to  admit  that  the  machine  of  Garay  was  set  in  motion  by  steam,  it  wouhl 
not  necessarily  follow  that  the  invention  [steam  engine]  was  new,  and 
that  it  bore  any  resemblance  to  those  of  our  day."  True,  but  it  would 
at  least  follow  tliat  Garay  should  be  considered  the  father  of  steam  navi- 
gation, \mti\  some  earlier  and  actual  experiment  is  produced.  Arago  further 
thinks,  that  if  Garay  used  steam  at  all,  his  engine  was  the  whirling 
eolipile  (No.  180)—"  every  thing"  he  observes  would  lead  us  to  believe 
that  he  employed  this.  We  regret  to  say  there  are  strong  objections  to 
such  an  opinion.  That  an  engine  acting  on  the  same  principle  of  recoil 
as  Heron's  eolipile  might  have  been  made  to  propel  a  vessel  of  two  hun- 
dred tons  is  admitted  ;  but  from  modern  experiments  with  small  engines 
of  this  description,  we  know ;  1st,  that  in  order  to  produce  the  reported 
result,  the  elasticity  of  the  steam  employed  must  have  been  equivalent  to 
a  pressure  of  several  atmospheres ;  and  2d,  that  the  enormous  consump- 
tion of  the  fluid  when  used  in  one  of  these  engines  must  have  required 
either  a  number  of  boilers  or  one  of  extraordinary  dimensions.  Had 
Garay  employed  several  boilers,  the  principal  difficulty  would  be  removed, 
as  he  might  then  have  made  them  sufficiently  strong  to  resist  the  pressure 
of  the  confined  vapor ;  he  however  used  but  one,  and  every  person  who 
has  witnessed  the  operation  of  reacting  engines  will  admit  that  a  single 
boiler  could  hardly  have  been  made  to  furnish  the  quantity  of  steam  re- 
quired, at  the  requisite  d^^gree  iff  tension. 

As  the  nature  of  this  Spanish  engine  is  not  mentioned,  every  person  is 
lefl  to  form  his  own  opinion  of  it.  We  see  no  difficulty  in  admitting  that 
he  employed  the  elastic  force  of  steam  to  push  a  piston  to  and  fro— or 
that  he  formed  a  vacuum  under  one  by  condensing  the  vapor.  Such  an- 
Dlications  of  steam  were  as  likely  to  occur  to  a  person  deeply  engaged  m 
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devising  modes  of  employing  it,  in  the  sixteenth  as  well  as  in  the  seven 
teenih  century,  notwithstanding  the  objection  so  often  reiterated,  thaf 
the  arts  were  not  sufHcientlv  matured  tor  the  fabrication  of  a  metallic 
cylinder  and  piston,  and  apparatus  for  transmitting  the  movements  of  a 
piston  to  revolving  mechanism.  The  casting  and  boring  of  pieces  of 
ordnance  show  that  the  construction  of  a  steam  cylinder  was  not  beyond 
the  arts  of  the  sixteenth  century,  or  even  of  the  two  preceding  ones;  while 
the  water-works,  consisting  of  forcing  pumps  worked  by  wheels,  and 
also  numerous  other  machines  put  in  motion  by  cranks,  (and  the  irre- 
gularity of  their  movements  being  also  regulated  by  fly  wheels)  described 
m  the  works  of  Besson,  Agricola,  &c.  show  that  engineers  at  that  time 
well  understood  the  means  of  converting  rotary  into  rectilinear  motions, 
and  rectilinear  into  rotary  ones. 

Had  Garay  used  a  steam  apparatus  on  the  principle  of  Savery's, 
Papin's,  or  Leopold'^  to  raise  water  upon  an  overshot  wheel  fixed  on  the 
same  axle  as  the  pstddles,  we  should  probably  have  heard  of  it,  since  such 
a  wheel  would  have  been  a  more  prominent  object  than  the  paddles  or 
the  boiler  itself. 

It  need  not  excite  surprise  that  Garay  adopted  ^(vddle  wheels  as  pro- 
pellers, since  they  were  well  known  before  his  time,  being  of  very  an- 
cient date.  Roman  galleys  were  occasionally  moved  by  them,  and  they 
aave  probably  never  been  wholly  laid  aside  in  Europe  since  the  fall  of 
the  empire.  Stuart,  in  his  Anecdotes  of  the  Steam  Engine,  observes  thai 
the  substitution  of  them  for  oars  is  mentioned  in  several  old  military  trea- 
tises. In  sonie  ancient  MSS.  in  the  King  of  France's  library  it  is  said 
tliat  boats,  in  which  a  Roman  armv  under  Claudius  Candex  were  trans- 
ported  into  Sicily,  were  propelled  by  wheels  moved  by  oxen.  An  an- 
cient bas-relief  has  also  been  found  representing  a  galley  with  Uiree  wheels 
on  each  side  ;  the  whole  being  moved  by  three  pair  of  oxen.  Robertus 
Valturius,  in  his  De  Re  Militan,  Verona,  1472,  gives  a  figure  of  a  galley 
w'ltUJioe  paddle  wheels  on  each  side.  Another  is  portrayed  with  one  on 
each  side.  To  these  we  add  another  from  the  Nuremburg  Chronicle, 
published  in  1497  ;  at  folio  XCVIII  a  vessel  is  figured  with  ttoo  wheels 
on  the  side  that  is  represented.  An  old  English  writer  mentions  them 
in  157S ;  and  in  1682,  a  horse  tow-boat  with  paddle  wheels  was  used  al 
Chatham,  England. 

Of  various  substitutes  for  revolving  oars  or  paddle  wheels,  there  is  one 
which,  among  other  things,  we  have  long  purposed  to  try.  It  consists  in 
protruding  into  the  water,  in  a  horizontal  direction  from  close  receptacles 
formed  in  the  stern  and  below  the  water  line,  a  series  of  two  or  more 
solid,  or  tight  hollow  bodies,  of  such  dimensions  that  the  water  displaced 
might  afford  a  resistance  sufficient  to  drive  forward  the  boat.  Some  idea 
of  this  resistance  may  be  obtained  by  attempting  to  sink  an  empty  barrel 
or  hogshead,  or  by  pushing  a  bucket  or  washing  tub  into  a  liquid,  bottom 
downwards.  The  moveable  bodies  or  propellers  might  be  square  boxes 
of  wood,  closed  tight  and  made  to  slide  in  and  out  at  the  stern  like  the 
drawers  of  a  bureau  ;  their  outer  ends  being  flush  with  the  stern  when 
drawn  in,  and  the  joint  (at  the  stern)  made  tight  by  some  contrivance 
analogous  to  a  stuffing  box ;  their  velocity  and  length  of  stroke  being 
proportioned  to  the  size  of  the  vessel  and  its  required  speed.  The  wa- 
ter Itself  would  drive  or  help  to  drive  back  each  propeller  at  the  termi- 
nation of  its  stroke,  just  as  a  hollow  vessel  is  pushed  up  when  thnist  un- 
der water.  The  receptacles  might  be  open  at  the  top  so  as  to  allow  any 
water  which  leaked  in  at  the  joint  to  be  readily  discharged.  W«  ar< 
xiot  aware  that  such  a  plan  has  ever  been  proposed. 
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There  arc  several  indicationH  that  mechanician?  ir.  diflerent  parts  ut 
Europe,  were  alive  Co  the  power  developed  by  sieam  at  the  time  Guray 
was  making  his  experiments  ;  and  we  have  little  doubt  that  intertstins 
iufoi-ination  respecting  it  will  yet  be  obtained  from  the  obsolete  lomes  of 
the  XV  and  X  vl  centuries.  Those  old  authors,  whose  works  are  gener- 
ally quoted  on  the  subjeit,  obviously  derived  their  information  principally 
from  those  of  iheir  predecessors  as  well  as  from  the  laboratories  of  the 

Jerome  Cardan,  an  Italian,  born  in  1501  and  died  in  1575,  one  of  the 
most  eccentric  geniuses  that  ever  lived,  in  whom  was  united  "  the  most 
transcendent  atiainments  with  the  most  consummate  quackery,  profound 
sagacity  with  the  weakest  supersticion  ;  who  on  one  page  is  seen  draw- 
ing the  horoscope  of  Christ,  and  in  another  imploring  his  forgiveness 
for  the  sin  of  having  eaten  a  partridge  on  Friday  ;  unfolding  the  most 
beautiful  relations  in  algebraic  analysis,  and  foretelling  from  the  ap- 
pearance of  specks  on  his  nails  his  approach  to  some  discovery  ;  above 
all,  eloquently  enforcing  the  obligations  ofa  pure  religion  and  expressing 
the  finest  sentiments  in  morals,  while  his  long  life  was  one  continued  ex- 
ertion, grossly  outraging  both.  Here,  this  philosopher,  juggler  am^ 
madman,  is  entitled  to  brief  mention  from  displaying  in  his  writings  a 
knowledge  of  what  has  been  called  the  capabilities  of  sieam,  and  more 
particularly  with  the  fact  of  s  vacuum  being  speedily  procured  by  it> 
condensation." 

That  the  alchymists  were  familiar  with 
the  formation  of  a  vacuum  by  the  con- 
densation of  steam,  and  with  raising  water 
into  it  by  atmospheric  pressure  is  certain. 
Their  ordinary  manipulations  necessarily 
made  them  acquainted  with  both.  In 
Fludd's  Integntm  Morbomm  Mysterium, 
page  4l32,  he  illustrates  his  notions  re- 
specting fever  and  dropsy,  by  what  he 
calls  a  cOMrmm  experiment,  and  with  the 
apparatus  figured  in  the  cut.  An  empty 
retort  or  one  containing  a  little  water  was 
suspended  over.a  fire  with  the  neck  turned 
No.  iM.  Fiudd.  jp^„  jjn^  ^  vessel  of  water :  when  the 

retort  was  heated  the  air  or  vapor  became  expanded  and  part  of  it  driven 
out  through  the  liquid.  Upon  removing  ihe  tire,  the  water  was  forced  by 
the  atmosphere  through  the  neck  lo  supply  the  place  of  the  air  or  vapor 
expelled  by  the  heat.  This  although  nothing  more  than  the  old  proces* 
of  filline  eolipiles,  most  of  which  could  be  charged  in  no  other  way, 
■hows  that  the  principle  was  well  understood  and  adopted  in  various 
operations.  We  add  another  and  earlier  example  from  Porta's  Natural 
Magic,  a.  work  first  published  in  1560,  where  he  distinctly  shows  the 
formation  ofa  vacuum  by  the  condensation  of  steam,  and  raising  of  water 
into  it  by  the  atmosphere.  "  Make  a  vessel  with  a  very  long  neck  ;  the 
longer  it  is,  the  greater  wonder  it  will  seem  to  be.  Let  it  be  of  transpa- 
rent glass  that  you  may  see  the  water  running  up  :  fill  this  with  boiling 
tealer,  and  when  it  is  very  hot,  or  setting  (he  bottom  of  it  lo  the  fire  that 
it  may  not  presenlhe  wax  cold  ;  the  mouth  being  turned  downwards  that 
it  may  touch  the  water,  it  will  suck  it  all  in."  Discharging  the  hot  water 
is  not  mentioned,  but  that  is  of  course  implied,  and  before  the  vessel  wa» 
placed  on  the  fire — while  full  of  hot  water,  it  could  not  stick  up  any  of 
the  cold.     (Book  19,  cap.  3.) 
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That  the  same  laborious  experimenters  were  acquainted  with  the  proper- 
ty of  steam  to  displace  liquids  from  close  vessels  is  equally  clear.  Many 
of  their  operations  made  them  familiar  with  the  fact  that  in  this  respect  it^ 
effects  were  similar  to  those  of  compressed  air.  Portions  of  their  appa- 
ratus were  admirably  adapted  to  produce  jets  of  'water  by  means  of 
steam — the  mere  opening  of  a  cock  to  draw  off  the  liquid  contents  of  a 
heated  alembic  would  often  illustrate  the  operation,  just  as  the  overturn* 
ing  of  an  eolipile,  or  inclining  one  till  the  orifice  was  covered  with  water 
•vould  do. 

So  far  as  relates  to  (he  principles  of  raising  liquids  into  a  vacuum  formed 
by  the  condensation  of  steam,  and  forcibly  ejecting  them  by  its  elasticity, 
nothing  new  was  discovered  by  Decaus,  Worcester,  Savery,  or  Papin  : 
both  operations  had  long  been  performed  with  eolipiles,  and  were  of  com- 
mon occurrence  in  laboratories.  It  was  in  the  extension  of  these  opera- 
tions toliydraulic  purposes  that  the  merits  of  those  last  named  consisted. 
*  Draining  machines*  were  wholly  out  of  the  track  of  the  transmuters  of 
metals — ^the  design  of  such  contrivances  was  one  which-  few  if  anv  of 
them  would  have  stooped  to  pursue.  Had  they  made  the  raising  of 
water  by  steam  a  subject  of  particular  study,  hardly  one  of  them  could 
hare  failed  to  produce  a  machine  similar  to  Savery's,  for  every  element 
of  it  was  in  their  possession  and*  in  constant  use.  'Tis  true  we  have 
as  yet  referred  only  to  the  expulsion  of  hot  water  from  close  vessels, 

but  the  application  of  steam  to  drive  cold  liquids 
from  a  separate  vessel  was  not  unknown.  Of  this 
there  is  an  incidental  but  very  conclusive  proof  in 
a  book  of  Porta's,  entitled  Spiriiali,  (named  after 
Heron's  work)  originally  published  in  Latin  in 
1601,  and  five  years  after  in  Italian  and  Spanish. 
In  the  translation  of  1606,  is  the  annexed  figure 
No.  187,  designed  to  show  "  into  how  many  parts 
a  simple  portion  of  water  may  be  transformed" 
i.  e.  by  measuring  the  quantity  expelled  from  a 
close  vessel,  by  vapor  evolved  from  a  certain  quan- 
tity heated  in  a  retort.  "  Make  a  box  of  glass  or 
tin,  (r;)  the  bottom  of  which  should  be  pierced  with 
a  hole,  through  which  shall  pass  the  neck  of  a  bot- 
tle (a)  used  for  distilling,  containing  one  or  two 
ounces  of  water.  The  neck  shall  be  soldered  to  the  bottom  of  the  box 
so  that  nothing  can  escape  there.  From  the  same  bottom  shall  proceed 
a  pipe,  (i)  the  opening  of  which  shall  almost  touch  it,  leaving  just  room 
enough  between  them  for  the  water  to  run.  This  pipe  shall  pass  through 
an  opening  in  the  lid  of  the  box,  and  extend  itself  on  the  outside  to  a 
small  distance  from  its  surface.  The  box  must  be  filled  with  water  by  a 
funnel  (e)  which  is  afterwards  to  be  well  closed,  so  as  not  to  allow  the 
air  [steam]  to  escape  : — finally,  the  bottle  must  be  placed  upon  the  fire 
and  heated  a  little  ;  then  the  water,  changed  into  steam,  will  act  violently 
upon  the  water  in  the  box,  and  will  make  it  pass  through  the  pipe  (t)  and 
flow  off  on  the  outside,"  &c.*  This  apparatus  although  designed  merely 
to  illustrate  the  relative  bulk  of  a  volume  of  water  and  that  of  the  steam 
into  which  it  might  be  converted,  yet  exhibits  in  the  clearest  light  the 
principle  afterwards  adopted  for  raising  liquids  by  the  elasticity  of  steam. 


nm  187.    A.  D.  1606.    Porta. 


*  ArajTo's  History  of  the  Steam  Engine,  transilated  by  Lieut.  Harewood,  U.  S.  N. 
Journal  of  the  Fraiikliu  Institute,  Vol.  XXV.  This  device  of  Porta's  was,  we  believo 
fint  brought  forward  by  Mr.  Ainger.  an  English  writer,  whosie  work  we  have  not  »eeii 

r.2 
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The  diagram  and  description,  observes  Stuart,  are  so  complete,  that  the 
application  to  such  a  purpose  of  a  similar  apparatus  could  not  be  consi- 
dered even  as  a  variation  of  Porta*s  idea. 

In  the  first  histories  of  the  modern  steam  engine,  its  origin  was  traced 
to  a  device  for  raising  water,  proposed  by  the  Marquis  of  Worcester,  in 
his  Century  of  Inventions,  a  tract  written  in  1655  and  published  in  1663. 
Subsequent  researches  have  brought  to  light  facts  (some  of  which  have 
just  been  noticed)  which  prove  that  steam  was  applied  to  that  and  other 
purposes  long  before  ;  and  future  inquiries  will  probably  produce  siill 
earlier  examples.  Previous  to  describing  other  old  applications  of  this 
fluid,  we  shall  notice  some  experiments  which  historians  of  the  steam  en- 
gine have  introduced.  Thu^  Rivault,  a  French  courtier,  is  said  to  have 
"  discovered"  in  1605  that  a  tight  bomb  shell  containing  water  and  throwri 
into  a  fire  would  be  exploded  by  the  confined  vapor — and  by  Decaus  in 
1615,  that  a  close  copper  ball  partly  filled  with  water  and  heated,  would 
be  rent  asunder  with  a  noise  resembling  that  of  a  petard — and  by  the 
Marquis  of  Worcester  in  1663,  that  a  piece  of  ordnance  would  also  be 
exploded,  if  treated  in  the  same  way  with  its  mouth  and  touch-hole  plug- 
ged up.  Now,  the  fact  which  these  experiments  established  (if  they 
were  all  made)  was  one  with  which  every  person  who  ever  used  an 
eolipile  was  familiar ;  and  which  was  no  more  a  new  discovery  in  the 
heginning  of  the  seventeenth  century,  than  experiments  to  prove  that  the 
cover  of  a  common  cauldron  might  be  blown  off  by  the  same  agent,  could 
have  been  in  the  middle  of  it.  It  was  a  knowledge  of  the  same  fact  that 
led  ancient  philosophers  to  account  for  the  phenomenon  of  earthquakes— 
which  induced  the  m.inisters  of  the  steam  deities,  mentioned  in  the  last 
chapter,  to  regulate  the  resistance  of  the  plugs  which  closed  the  mouth 
and  eyes  of  the  idols,  so  as  to  give  way  before  the  tension  of  the  steam 
exceeded  the  strength  of  the  metal,  and  blew  both  them  and  their  gods  to 
atoms.  When  the  Spanish  treasurer  objected  to  the  project  of  Garay  that 
the  boiler  might  **  burst,"  he  did  not  dream  of  having  made  a  discovery  of 
the  danger  arising  from  imprisoned  steam  :  had  such  been  the  case  his  ob- 
jection would  have  had  no  force  till  the  fact  upon  which  it  was  based,  had 
been  tested  and  become  generally  known — but  the  ground  of  his  opposition 
every  person  of  that  age  could  appreciate  as  well  as  we  can  ;  and  it  is  nut 
improbable  that  on  that  ground  only  was  the  project  abandoned.  The 
same  objection  still  prevents  thousands  from  traveling  either  in  steam  boats 
or  steam  carriages. 

Examples  to  show  that  old  chemists  were  as  familiar  with  the  same  fact 
almost  as  with  "  the  cracklings  of  thorns  under  a  pot,"  might  be  quoted  is 
abundance — they  are  not  necessary,  but  we  shall  adduce  one  or  two.  In 
Porta's  Natural  Magic,  (Book  X,  chap.  1,  on  Distillation^  he  speaks  of  re- 
gulating the  capacity  of  stills  to  the  various  substances  treated  in  them. 
Such  as  were  of  "  a  flat  and  vapourous  nature"  require,  he  observes,  largo 
vessels,  "  for  when  the  heat  shall  have  raised  up  the  flatulent  matter,  and  it 
finds  Itself  straightened  ....  it  will  seek  some  other  vent,  and  so  tear  the 
vessels  in  pieces^  which  will  fly  about  with  a  great  bounce  and  crack,  and  not 
without  endamaging  the  standers  by."  Again,  in  the  ninth  chapter  of  the 
same  book,  he  directs  that  particular  care  should  be  taken  to  make  the  joints 
tight  "  lest  the  force  of  the  vapours  arising  may  hurst  it  [the  still]  open 
and  scald  the  faces  of  the  by  standers."  That  such  occurrences  were  not 
uncommon  may  be  inferred  from  another  remark ;  (in  the  21st  chapter  of  the 
10th  book,)  speaking  of"  the  separation  of  the  elements"  and  of  the  various 
substances  distilled,  he  observes,  "  we  account  those  airy  which  fill  the  ves- 
fielfi  and  receivers  and  easily  burst  them,  and  so  flie  out."    These  example! 
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itrc  aufHcientto  prove  tliat  the  irreiisliblc  force  ofstetun  when  conlined,  wbj 
known  in  ihe  mUdle  of  the  sixleenlh  century — in  fact  U  alwa^'e  has  been 
known  since  ilislillalion  was  practised  or  an  eolipile  used.  Particular 
care  was  always  required  to  keep  the  orifice  of- the  latter  instrument  opeu 
when  on  the  fire. 

Besides  the  Natural  Magic  of  Porta  and  the  writings  of  Cardan,  there 
were  other  works  published  in  the  sixteenth  century  in  which  steam  is 
either  incidentally  mentioned,  or  expressly  treated  on.  About  the  year 
1560,  Mathesius,  a  German  preacher,  in  order  to  illustrate   the   enormou* 
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The  "Forcible  Movements"  of  Decaus,  or  de  Caus,   is   the   next  au 
ihoritv   for   early  notices   of  sleam.      This   work   was   first   published  at 
Frankfort  in  1615,  and   in   Paris  in  1624.      It  is  entitled   Lei  Raiaorn  del 
Forcei  MoiiuanUs,  avec  Uiverses  machinps  tant  utiles  ijue  plaisanles,  iVc : — 
Reasons  of  moving  forces,  with  various  machines  both  useful   and   inter 
esting.    The  tide  seems  to  have  been  slightly  changed  in  different  editions; 
and,  03  noticed  at  page  319,  the  name  of  the  author  also;  a  ci  re  u  in  stance 
that  has  led   Mr.  Farey  lo  suppose  there 
were  two  books,  written  by  diftt-reut  au 
thors  of  the  same  name.     In  the  English 
translation  of  1659,  which  consists  of  two 
parts  :  "  The  theorie  of  the  conduct  of  wa- 
ter" and  the  "Forcible  movements,"  tlie 
theorems  on  steam  are  omitted.      By  these 
theorems   Decaus   intended    to  show   that 
heat  carries  off  water  by  evaporation — that 
steam  when  condensed  returns  to  its  origin- 
al bulk — and  that  a  hollow  ball  or  eolipile 
may  be  exploded  by  it.      The   only  device 
for  employing  this  Ruid  which  he  has  given, 
is  in  Illustration  of  the  fifth  theorem,   viz  : 
Water  may  be  rai'aed  above  it»  level  by  meant 
i^fire :  "  The  third  method  of  raising  water 
is  by  the  aid  of  fire,  whereby  diverse  ma- 
chines  may  be  made.     1  shall  here   give 
the   description   of  one.      Take   a   ball  of 
copper  marked  A,  well  soldered  at  every 
part.      It  must  have  a  vent  hole  marked  O 
by  which  water  may  be  introduced  ;  and 
also  a  tube  marked     C,    soldered  into  the 
Ho-IKL   I>Hui,A.I>.iei9.  lop  of   the  ball,  and  the  end   C  reaching 

nearly  to  the  bottom,  but  not  touching  it 
After  filling  this  ball  with  water  through  tlie  vent  hole,  stop  it  close  and 
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put  the  ball  on  the  fire,  then  the  heat  acting  against  the  said  ball,  will  cause 
all  the  water  to  rise  through  the  tube       C" 

On  the  supposition  that  this  apparatus  was  originally  designed  by  I)e- 
caus,  M.  Arag;o  has  claimed  for  France  the  invention  of  the  steam  engine. 
The  English,  he  observes  in  his  Memoir  of  Watt,  have  ascribed  the  honot 
lo  the  Marquis  of  Worcester ;  but  on  this  side  the  channel,  '*  we  main- 
tain that  it  belongs  to  a  humble  engineer,  almost  forgotten  by  our  bio- 
graphers, viz.  Solomon  de  Caus."  And  in  his  'History  of  the  Steam 
Engine,*  he  asserts  that  "  the  idea  of  raising  water  by  the  elastic  force 
of^  steam"  belongs  to  the  same  individual.  With  the  disposiMon  and 
even  an  anxiety  to  give  to  every  inventor  his  full  meed  of  praise,  we 
confess  that  we  cannot  perceive  in  the  figure  and  description  before  us, 
sufficient  ground  from  which  such  inferences  could  fairly  be  drawn. 
The  fact  is,  to  no  one  age  or  people  can  the  origin  of  the  steam  engine 
be  attributed — ^nor  yet  its  various  applications.  That  some  have  contri- 
buted greatly  more  than  others  to  develope,  mature  and  apply  it,  no 
person  doubts. 

Were  it  even  admitted  that  no  apparatus  precisely  like  that  represented 
iu  the  figure  was  previously  known,  it  would  be  difficult  to  establish  the 
claims  put  forward  in  behalf  of  Decaus.  But  there  was  nothing  novel 
either  in  its  construction  or  in  the  principle  of  its  operation;  while  for 
nearly  all  practical  purposes  it  was  valueless. 

So  far  as  respects  the  apparatus  simply,  no  part  of  it  was  invented  by 
him.  It  is  figured  in  the  Spiritalia  as  an  illustration  of  Problem  IX,  viz. 
a  hollow  sphere  partly  filled  with  water,  and  resting  upon  a  tripod,  with 
a  jet  pipe  extending  down  into  the  liquid.  Instead  of  fire  under  it  to 
raise  steam,  a  syringe  is  connected  to  the  upper  part,  by  which  to  inject 
air  or  water.  This  figure  is  copied  in  Plate  VII  of  the  **  Forcible  Move- 
ments," (Leak's  Trans )  and  of  it  Decaus  observes,  *'  as  concerning  the 
figure  of  the  globe,  it  may  serve  for  pleasure  to  cast  the  water  very  high 
by  the  pipe,  after  that  you  have  forced  it  in  with  violence  with  the  sy- 
ringe." Had  not  this  device  of  raising  water  by  air  compressed  with  a 
syringe  been  found  in  the  Spiritalia,  it  might  also«have  been  deemed  the 
invention  of  Decav:),  for  he  does  not  mention  the  source  whence  he  de- 
rived it;  and  as  it  is,  we  think  he  may  with  as  much  reason  be  considered 
the  author  of  air-engines,  as  the  first  inventor  of  steam  engines.  The 
apparatus  is  also  a  modification  of  that  by  which  Heron  raised  water  by 
the  heat  of  the  sun,  but  the  author  of  the  Spiritalia  was  too  well  versed 
in  the  subject,  to  introduce  in  that  work  such  a  device  as  that  of  Decaus. 

The  elevation  of  water  by  the  elastic  force  of  steam  was  also  well 
known  before  the  time  of  Decaus.  Nature  herself  has  always  presented 
striking  proofs  of  it  in  boiling  springs,  and  in  the  magnificent  fountains 
and  jets  that  are  thrown  up  in  various  parts  of  the  earth  from  subter- 
raneous cauldrons  by  imprisoned  steam ;  as  in  the  Geysers  of  Iceland, 
where  the  hot  liquid  is  thus  violently  forced  through  natural  tubes,  of 
nine  or  ten  feet  in  diameter,  to  heights  varying  from  twenty  to  ninety 
feet,  and  accompanied  with  intermitting  volumes  of  the  vapor ;  pheno- 
mena the  philosophy  of  which  was  well  understood  by  the  ancients.  But 
if  such  examples  are  deemed  too  indirect,  and  as  known  only  to  a  few 
there  are  others  with  which  people  generally  have  always  been  conver 
gant :  Vessels  for  heating  water,  with  tubular  spouts,  whose  upper  orificob 
stand  higher  than  the  top  of  the  vessels  or  the  liquid  within  them,  are  of 
extreme  antiquity ;  some  that  resemble  our  tea-kettles  and  coffee-pots  are 
foiind  portrayed  on  the  paintings  and  sculptures  of  Egypt.     Now  every 
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one  knows  that  wbec.  the  cov7's  of  these  fit  so  close  as  to  preTent  the 
•ream  from  escaping  as  fast  as  it  is  generated,  the  confined  vapor  forces  up 
the  hot  liquid  through  the  spouts ;  and  in  a  manner  precisely  the  «ame  as 
described  by  Decaus,  for  the  effect  is  the  same  whether  the  discharging 
tube  be  connected  to  the  lower  side  of  a  boiler  like  a  tea-kettle  spout,  or 
inserted  through  the  top  and  continued  within  to  the  liquid.  Fmm  such 
domestic  exhibitions  of  the  effects  of  steam,  the  devices  of  Heron  and 
other  ancient  experimenters  were  proba>>ly  derived  :  a  person  whose 
thoughts  were  turned  to  the  subject  of  r^ing  water  by  it  could  not  fail  to 
profit  by  them,  or  to  hit  upon  so  slight  a  modification  of  the  apparatus  as 
shown  m  the  last  figure. 

The  same  application  of  steam  was  often  exhibited  by  alchy mists  as  al- 
ready observed  in  their  manipulations,  and  in  drawing  off  the  contents  o'* 
their  stills  and  retorts ;  but  it  was  still  more  clearly  illustrated  in  common 
life  in  the  employment  of  eolipiles,  and  the  copper  ball  of  Decaus  was 
merely  one  oi  these  with  a  jet  pipe  prolonged  into  the  liquid .  The  xery  terms 
"  ball  of  copper,"  **  ball  of  brasn,*'  were  those  by  which  eolipiles  were 
designated.  (See  page  396.)  Now  no  one  was  ignorant  thnt  an  opening 
on  the  top  of  one  of  these  instruments  let  oux  steam,  and  that  through  one 
near  the  bottom  hot  water  would  be  violently  expelled  throuirh  a  \'ertical 
tube,  if  attached  to  the  opening.  Suppose  the  one  figured  at  No.  185 
either  accidentally  or  designedly  tjlaced  on  the  fire  with  the  tube  inclined 
upwards,  and  heated  in  that  position  while  two  thirds  filled  with  water ; 
the  vapor  would  then  accumulate  in  the  dome,  and  would  necessarily 
drive  out  the  boiling  liquid  until  the  lower  orifice  of  the  tube  was  no  longer 
covered  with  water :  or  imagine  No.  184  inclined  till  water  rushed  out 
instead  of  steam.  That  such  experiments  were  not  only  frequent  but  com- 
mon, no  i^erson  can  reasonably  doubt,  although  no  notice  of  them  may  be 
found  in  books.  Such  a  mode  of  raising  water  was  of  little  value  and  not 
thought  worth  recording,  and  but  for  its  introduction  into  some  histories 
of  the  steam-engine,  we  should  not  have  deemed  it  of  sufficient  importance 
to  notice.  Moreover,  the  ordinary  mode  of  charging  eolipiles  which  had 
but  one  minute  orifice,  viz.  by  heating  and  then  plunging  them  in  water, 
must  have  frequently  caused  them  to  produce  liquid  jets,  in  consequence 
of  their  imbibing  too  much,  and  there  being  no  other  way  of  expelling 
the  surplus  than  by  placing  the  instrument  on  the  fire.  Probably  an  eoli- 
pile  was  never  used  that  was  not  occasionally  overcharged  with  the  liquid, 
and  thus  made  to  raise  a  portion  of  it  by  the  elastic  force  of  steam.  At 
any  rate,  no  one  who  was  familiar  with  these  instruments,  from  Heron  to 
Decaus,  could  have  been  ignorant  of  the  fact  that  they  might  be  applied  to 
produce  jets  of  hot  water  as  well  as  of  vapor;  and  few  ever  used  them 
who  did  not  occasionally  make  them  produce  both. 

It  would  be  an  unjust  reflection  on  Decaus  to  suppose  he  could  not  have 
given  a  better  plan  than  No.  188  for  raising  water  hy  tteam,  if  the  project 
had  been  soriously  entertained  by  him ;  but  there  is  not  the  slightest  ground 
to  believe  he  ever  dreamt  of  applying  that  fluid  to  hydraulic  purposes,  or 
as  a  substitute  for  pumps,  chains  of  pots,  &c.  He  certainly  would  have 
lauehed  at  any  one  proposing  a  device  by  which  water  could  not  be  raised 
until  the  whole  of  it  was  boiled,  whether  the  quantity  was  a  pint,  a  hogs* 
head,  or  a  million  of  gallons ;  and  in  some  cases  not  until  its  temperature 
far  exceeded  that  at  which  ebullition  in  open  vessels  takes  place.  Why 
then,  it  may  be  asked,  did  he  mention  the  device  at  all?  Simply  to  show 
that  "  water  maff  be  raised  above  its  level  by  means  of  fire."  Well,  but 
ne  says  that  ^* diverse  machines"  may  be  deduced  from  it.  True,  and  Vie 
has  given  a  description  of  one,  from  which  we  may  judpe  of  the  rest:  thnse 
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were  most  likely  mere  trifles — whims  that  suited  the  taste  of  the  ago. 
No.  189  is  probably  one  of  them,  which  a  contemporaneous  English  author 
adduces  under  **  Experiments  of  mocions  by  rarefying  water  with  fier," 
and  of  which  he  also  observes,  other  devices  may  be  derived  from  it. 

Decaus  appears  to  have  read  and  traveled  much,  and  to  have  collected 
knowledge  from  every  source  within  his  reach.  He  describes  saw-mills 
that  were  used  in  Switzerland,  fire-engines  of  Germany,  canal-locks  which 
he  noticed  between  Venice  and  Padua:  he  cites  Tacitus,  Pausanias  and 
Pliny ;  quotes  largely  from  Heron,  and  refers  his  more  learned  readers  to 
Archimedes,  a  commentary  upon  whose  writings  he  promises  to  undertake. 
Of  course  he  was  acquainted  with  the  works  of  Porta,  for  this  Neapolitan 
philosopher  and  his  writings  were  greatly  celebrated  throughout  £u 
rope.  Now  had  Decaus  turned  his  thoughts  at  all  to  the  elevation  of  water 
by  steam,  he  would  at  once  have  perceived  the  advantages  of  a  device 
like  No.  137,  by  which  the  liquid  could  be  raised  in  unlimited  quantities 
without  being  heated  at  all,  as  well  as  under  all  possible  circumstances : 
and  having  perceived  this,  would  he  not  (if  the  project  of  thus  raising 
water  had  ever  entered  his  head)  have  given  it,  or  a  modification  of  it, 
instead  of  No.  188 1  It  is  clear  that  he  wanted  an  illustration  of  a  propo- 
sition merely,  and  the  one  he  has  given  he  considered  as  good  as  any 
other. 

As  long  as  the  Natural  Magic  and  the  Sjnrilali  of  Porta  are  admitted 
to  have  been  published,  the  former  about  fifty  and  the  latter  at  least  ten 
years  before  the  work  of  Decaus,  there  is  little  if  any  thing  whereon  to 
found  a  claim  for  the  latter.  If  we  were  to  concede,  what  certainly  is  not 
**  established  beyond  dispute,  that  the  first  idea  of  raising  a  weight  by  means 
of  the  elastic  power  of  steam  belongs  to  the  French  author,"  thejact  would 
still  remain  that  the  Neapolitan  had  long  before  shown  ?iow  this  could  be 
DONE ;  and  M.  Arago  has  himself  observed,  that  '*  in  the  arts,  as  in  the 
sciences,  the  last  comer  is  supposed  to  be  acquainted  with  the  labors  of 
those  who  preceded  him— all  denial  in  this  respect  is  without  value."  The 
object  of  Porta  in  introducing  the  device  referred  to  was  not  to  show  its 
application  to  raise  water,  and  it  is  not  fair  to  conclude  that  he  was  igno- 
rant of  its  adaptation  for  that  purpose  because  he  has  not  gone  out  of  his 
way  to  point  it  out.  It  has  also  been  objected,  that  his  apparatus  raised 
the  liquid  to  a  very  limited  height.  We  do  not  know  that  Decaus's  did 
more,  for  we  are  only  told  that  the  contents  of  the  ball  would  be  driven 
out,  without  the  slightest  intimation  of  an  elevated  discharge.  Well,  (an 
advocate  of  the  latter  will  say)  but  his  apparatus  is  capable  of  raising  wa- 
er  to  all  heiofhts.  And  so  is  Porta' s.  But  had  Porta  *'  the  least  idea  of 
he  great  power  which  steam  is  susceptible  of  acquiring]"  The  extracts 
which  we  have  given  from  his  Natural  Magic,  on  the  rupture  of  vessels 
by  steam,  prove  that  he  was  well  aware  of  it ;  and  the  book  from  which 
these  extracts  are  taken  was  his  earliest  production,  being  published  in 
1.560,  at  which  time  (he  observes  in  the  preface)  he  was  only  about  fifteen 
years  old.  To  conclude,  we  arc  constrained  to  embrace  the  opinion,  not- 
withstanding the  arguments  and  elcKjucnce  of  M.  Arago,  that  the  device 
described  by  Decaus  brought  to  light  no  new  fact,  and  gave  rise  to  no  new 
or  useful  result. 

Although  instances  rarely  occur  in  the  arts  in  which  the  elevation  of 
hot  water  by  the  steam  evolved  from  it  could  be  of  service,  there  are  some, 
as  in  chemical  manipulations,  in  a  few  breweries  and  distilleries,  and  also 
in  soap  manufactories.  The  operation  in  the  latter  is  worth  noticing  :— 
In  the  ordinary  process  of  manufacturing  common  hard  soap,  three  or  foui 
loos  are  often  made  at  once  in  a  deep  iron  vat  or  boiler.    Into  this  severa. 
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hiindrei  gallons  of  ley,  with  the  other  ingredients,  tallow,  rosin,  lime,  &c 
are  put.  After  the  whole  has  been  several  times  boiled,  the  semi-fluid 
maiss  is  suffered  to  remain  some  time  at  rest,  when  the  ley  collecting  at  the 
DC  ttom  leaves  a  thick  stratum  of  soap  formed  above.  As  no  openings  are 
made  in  the  sides  or  bottom  of  the  boiler,  the  hot  ley  is  drawn  off  at  the 
top,  and  is  usually  done  by  a  common  pump.  Long  after  the  fire  is  with- 
drawn steam  continues  to  rise  from  the  liquid  below ;  for,  from  the  vast 
mass  of  heated  materials,  their  non-conducting  property,  and  that  of  the 
furnace,  the  heat  is  slowly  dissipated.  The  soap  in  the  mean  time  acquires 
a  firmer  consistence,  and  prevents  the  vapor  from  escaping  above  almost  as 
effectually  as  the  bottom  of  the  boiler  does  below  ;  so  that  not  until  the 
steam  attains  considerable  elastic  force  can  it  open  a  passage  through, 
and  when  it  does  the  opening  is  instantly  closed  as  before.  When  there- 
fore the  pump  is  pushed  through  the  whole  to  the  bottom  of  the  vat,  and 
started  to  work,  the  liquid  continues  of  itself  to  pass  up,  being  urged  by 
the  steam.  (It  is  necessary  to  work  the  pump  at  first  because  the  open- 
ings in  its  end  become  stoppeo  with  soap  in  passing  it  down.  The  end 
of  a  plain  tube  would  be  choked  in  the  same  way  ;  but  by  a  pump  at- 
tached to  it,  the  pressure  of  the  atmosphere  is  added  to  that  of  the  steam 
to  force  the  passage  open.)  The  large  body  of  soap  keeps  settling  down 
as  the  ley  is  discharged,  and  thus  preserves  the  steam  at  the  same  degree 
of  tension  until  all  the  ley  is  ejected,  when  the  steam  itself  escapes  also 
through  the  pump.  The  soap,  it  will  be  perceived,  acts  as  a  flexible  pis- 
ton, its  adhesion  to  the  sides  of  the  boiler  and  its  spissitude  and  weight 
effectually  conBning  the  vapor  below. 

Of  the  origin  of  this  mode  of  raising  ley,  and  the  extent  to  which  it  Is 
practiced,  we  are  not  informed.  It  affords  however  an  example  of  the 
truth  of  the  remark,  that  important  results  may  be  deduced  from  attention 
to  simple  facts,  as  well  as  from  the  observance  of  common  products.  An 
examination  of  the  residuum  of  a  soap-boiler's  kettle,  it  is  well  known,  led 
to  the  discovery  of  a  new  chemical  element,  (iodine,)  and  of  its  virtues  as 
a  specific  in  the  cure  of  the  goitre;  and  from  the  preceding  remarks  it  may 
be  inferred,  that  an  observing  Greek  or  Roman  soap-boiler  might  have 
discovered  the  applicability  of  steam  to  raise  water,  since  he  possessed  all 
the  requisite  machinery  in  his  ordinary  apparatus,  and  might  have  per- 
formed the  operation  as  often  as  he  made  soap.  His  ingenuity  would  also 
have  been  rewarded  by  a  diminution  of  his  labor.  And  who  can  prove 
that  such  a  plan  w^as  not  in  use  in  some  of  the  old  soap-factories  of  former 
times  1  In  that,  for  example,  which  has  been  discovered  in  Pompeii,  in 
one  apartment  of  which  are  the  vats,  placed  on  a  level  with  the  ground, 
and  in  another  were  found  heaps  of  lime  of  so  superior  a  quality  as  to 
have  excited  the  admiration  of  modern  manufacturers.* 

Of  the  manipulations  of  ancient  mechanics  and  manufacturers  we  know 
little  or  nothing.  Of  the  thousands  of  their  devices,  many  valuable  ones 
have  certainly  been  lost.  Some  of  these  have  been  revived  or  rediscovered 
in  modem  times,  among  which  we  think  may  be  mentioned  various  appli 
cations  o£  steam.  There  were  indeed  so  many  occasions  for  the  employ- 
ment of  this  fluid  by  the  ancients,  and-  particularly  in  raising  of  water,  that, 
taken  in  connection  with  the  information  respecting  it  in  the  Spiritalia,  the 
part  it  was  made  to  perform  in  the  temples,  the  traces  of  it  in  the  hot 

^  Soap  mnet  have  been  an  expensive  article  among  the  Greeks,  at  least  such  as  wu 
nMd  in  the  toilette,  if  we  were  to  jadge  from  the  amount  that  Demetrius  extorted  from 
the  Athenians,  viz.  250  talents,  which,  says  Plutarch,  "he  gave  to  Lamia  and  his  othei 
mistresses  to  fruy  $oap" 
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baths  at  Rome,  and  the  apparatus  of  Anthemius,  by  which  last  :t  was 
adapted  to  a  very  novel  purpose  as  a  motive  agent,  thus  exhibiting  re- 
sources in  its  appplication  that  could  only  be  denved  from  experience — 
We  cannot  divest  ourselves  of  the  idea  that  the  ancients  were  better  ac- 
quainted with  the  mechanical  properties  of  steam  and  it^  application  to  the 
arts  than  is  commonly  supposed. 

But  for  the  destruction  of  the  numerous  libraries  of  the  ancients,  some 
of  which  contained  volumes  that  treated  on  every  subject,  we  should  have 
been  intimately  acquainted  with  their  arts  and  machinery ;  and  but  for 
the  logic  of  Omar,*  we  might  have  been  in  possession  of  those  treatises 
on  mechanics  that  Ctesibius  studied,  and  which  supplied  Heron  with  ma- 
terials for  the  Spiritalia ;  for  the  latter  refers  to  inventions  and  writings  of 
his  predecessors,  and  admits  having  incorporated  some  of  their  produc 
tions  with  his  own.  Possibly  the  very  books  out  of  which  he  selected  the 
applications  of  steam  No.  179  and  No.  180  might  now  have  been  extant. 
The  destruction  of  such  works  as  these  was  a  severe  loss  to  the  world. 
Had  they  been  saved,  the  state  of  society  would  not,  in  the  following 
ages,  have  been  so  greatly  degenerated,  nor  would  the  arts  have  sunk  to 
so  low  an  ebb.  Mechanics  have  therefore  as  much  reason,  if  not  more,  to 
deplore  the  loss  of  those  volumes  that  treated  on  the  subjects  of  their  pur- 
suits, as  learned  men  have  to  regret  the  destruction  of  those  that  related 
to  literature  only.  It  was  also  easier  to  replace  the  latter  than  the  former 
—to  revive  the  literature  than  the  arts  of  the  ancients ;  for  reflections  on 
history,  politics,  morals,  literature,  romance,  &c.  are  more  or  less  common 
to  our  race  in  all  times,  and  in  every  age  men  will  be  found  to  clothe 
them,  or  selections  of  them,  in  glowing  language ;  whereas  mechanical 
inventions,  though  often  brought  about  by  the  observance  of  common 
facts,  are  frequently  the  results  of  fortuitous  thoughts  which  local  occur- 
rences o."  singular  circumstances  induce,  and  if  once  lost  can  hardly  be 
revived,  except  by  congenial  minds  under  similar  circumstances.  Besides, 
it  is  not  by  the  mere  arresting  an  idea  as  it  floats  through  the  mind  that 
discow'.es  or  improvements  in  mechanism  arc  effected  :  on  the  contrary, 
it  requires  to  be  cultivated  and  matured  by  reflection ;  the  accuracy  of  the 
device  suggested  by  it  has  to  be  tested  by  models,  and  these  by  experi- 
ment, bcf'^e  the  incipient  thought  becomes  embodied  in  a  working  ma- 
chine. 


*  Amroti.  his  general,  haring  taken  Alexandria,  wrote  for  directions  respecting  the 
di:*poRition  of  the  famous  library  which  it  had  been  the  pride  of  the  Ptolemies  to  collect. 
The  rep.y  wan — if  the  writings  agreed  with  the  doctrines  of  the  Koran,  tliey  were  au» 
lu9 :  and  if  they  did  not,  they  cnght  to  be  dsstroyetL    The  argument  was  irresistible 
and  the  whole  were  burnt. 
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CHAPTEB   V. 


W«w  larcoliaaa  fbrawriy  recorded — Lord  Boeoo — Hia  pr«»iert  for  drainaf  mae*- 
lee  prod— od  hf  hydnuilic  — chine>— Eolipilw  %nmcm'»  applirelioa  oT  the  Mmi  of  oo«  Io  prodi 
iHioe  In  MetaJity — CuioM  cxtraci  froa  Wilkiei  B  mmmj^  paleat  tor  rakiof  water  by 
■ofocf  re  of  eitre — Pifmrc  iUe»trBiiiig  die  ^plicatioe  of  steae^  from  me  old  Eaglidi  work — ^Kirrker^ 
derke  lor  miMB|^  water  by  ste«ai— Joha  Bale — ^Aatiqaity  of  boys'  kites  in  Eof  laad — Discorery  of  at* 
■MMpkerie  pressare— Eag iae  of  OHNioD — Aaecdoles  of  OliTer  Evaas  aad  Joha  Filck — Elasticity  aad 
cottdoosatfoa  ofsteias  Bfeim-eagiaes  aiodilicatioBs  of  faas — ^A  aovinf  pistoa  the  esseatial  featare  u 
both  Clas»i6catioo  of  Bodera  stean  enriaes— Gaenicke's  ^pparatas— Tke  aaae  adopted  ia 
giaes    Gaerricke  oae  of  tke  aatkors  of  the  etsiaia-eagiae. 


How  few,  how  exceedingly  few  of  the  conceptions  and  experimental 
researches  of  mechanics  have  ever  been  recorded  !  How  many  millions 
of  men  of  genius  have  passed  through  life  without  making  their  discove- 
ries known !  Even  since  printing  was  introduced,  not  a  moiety  of  those 
who  possessed  in  an  unusual  degree  the  faculty  of  invention  have  pre- 
served any  of  their  ideas  on  paper.  Of  some  men  celebrated  for  the  no- 
velty of  their  devices,  nothing  is  known  but  their  names  ;  they  have  gone, 
and  not  a  trace  of  their  labors  is  left.  Of  others,  the  title  by  which  they 
designated  their  inventions  is  nearly  all  that  has  come  down — no  particu- 
lars by  which  we  might  judge  of  their  merits.  This  is  the  case  with  many 
of  the  old  experimenters  on  steam,  especially  those  who  raised  or  at- 
tempted to  raise  water  by  it.  Among  these  we  have  sometimes  thought 
Lord  Boom  should  have  a  place,  under  the  impression  that  he  employed, 
or  desired  to  employ,  that  fluid  to  raise  water  from  the  deluged  mines 
which  he  undertook  to  recover.  He  obviously  had  some  new  modes  and 
machines  for  the  purpose.  An  account  of  these  he  laid  before  the  King, 
(Jame3  I)  who  approved  of  the  project,  and  consented  that  the  aid  oi 
parliament  should  be  invoked.  In  the."  Speech  touching  the  recovery  oi 
tlrown'd  mineral  works,"  which  Bacon  prepared  to  be  delivered  before 
parliament,  is  the  following  passage  :  "And  I  may  assure  your  Lordships 
that  all  my  proposals,  in  order  to  this  great  architype,  seeme\l  so  rational  and 
fuasable  to  my  Royal  Sovereign,  our  Christian  Salomon,  [!]  that  I  thereby 
prevailed  with  his  Majesty  to  call  this  honorable  Parliament,  to  confirm 
and  impower  me,  in  my  own  tcay  of  mining,  by  an  act  of  the  same."*  ThiB 
great  man  was  therefore  in  possession  of  a  novel  plan  of  accomplishing 
one  of  the  most  arduous  undertakings  in  practical  hydraulics ;  and  so  im- 
pressed with  a  belief  in  its  efficiency  that  the  king  was  induced  by  him  i^ 
call,  or  a^ree  to  call,  a  parliament,  chiefly  it  would  seem  to  give  sanctior 
to  it.  What  the  plan  was,  we  are  not  informed,  nor  is  any  account  of  i: 
lielieved  to  be  extanL  Dr.  Tenison,  (Archbishop  of  Canterbury)  the  au- 
thor of  "  Baconiana,"  alluding  in  1679  to  Bacon's  "  Mechanical  Inventions," 
observes,  "  His  inatrumenU  and  ways  in  recovering  deserted  mines,  I  can 
give  no  account  of  at  all ;  though  certainly,  without  new  tools,  and  peculiar 
inventions,  he  would  never  have  undertaken  that  new  and  hazardous 
work."^  That  the  project  consisted  chiefly  in  some  peculiar  mode  of 
raising  the  water  is  certain  ;  and  it  is  worthy  of  remark  that  a  member  of 


•  Baconiana.  Lond.  1079,  p.  133.     ^  "An  Account  of  all  die  Lord  Bacon*a  Works,' 
•abjoined  to  Baconiana,  p.  17. 
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his  household  was  a  mining  engineer,  and  celebrated  for  the  invention  oi 
construction  of  hydraulic  engines,  \\z.  "  Mr.  Tltomas  Buslwlly  one  of  his 
lordship's  menial  servants ;  a  man  skilful  in  discovering  and  opening  of 
mines,  and  famous  for  his  curious  water-works  in  Oxfordshire,  by  which 
he  imitated  rain,  hail,  the  rainbow,  thunder  and  lightning."*  Tliis  was 
probably  the  same  individual  who  is  mentioned  in  some  biographies  aa 
*'  Master  of  the  Royal  Mines  in  Wales,"  under  Charles  I. 

That  the  application  of  steam  to  drain  mines  and  impart  motion  to  ma 
chinery  had  begun  to  excite  attention  in  England  before  the  death  of  Ba 
con,  (in  1626)  is  very  obvious.  Of  this  there  are  several  indications ; 
and  within  four  years  of  his  demise,  a  jmtent  was  granted  for  a  method  of 
discharging  water  **  from  low  pitts  by  fire^  Then  he  was  acquainted 
with  the  writings  of  Porta,  and  consequently  with  the  apparatus  No.  ]  87. 
No  experiment  or  fact  of  the  kind  illustrated  by  this  could  have  escaped 
him,  even  if  he  had  not  been  engaged  in  the  project  of  recovering  flooded 
mines  ^  and  he  was,  to  say  the  least,  as  likely  as  any  other  man  of  his  age 
to  perceive  the  adaptation  of  such  an  apparatus  as  No.  187  for  raising  wa- 
ter, and  also  to  apply  it.  We  hear  oi  no  such  uses  of  steam  in  England 
before  his  time,  but  soon  after  his  death  they  make  their  appearance  with 
out  any  one  very  distinctly  to  claim  them.  It  may  however  be  said,  if 
Bacon  raised  water  by  steam,  Bushell,  his  engineer,  would  most  likely 
have  done  the  same  after  the  death  of  the  chancellor,  and  proofs  of  tins 
fact  might  be  obtained  from  an  examination  of  the  water-works  of  the 
latter.  Had  we  any  account  of  these,  the  question  most  likely  could  be 
settled ;  but  almost  the  only  information  we  have  respecting  the  machines 
and  labors  of  Bushell  is  contained  in  the  extract  above,  and  there  is  but 
one  particular  from  which  any  thing  respecting  th?ir  construction  can  be 
inferred,  viz. — hail  is  said  to  have  been  produced  by  them.  How  this 
i^'as  done  we  know  not ;  possibly  by  admitting  high  steam  into  a  close 
vessel,  from  which  water  mixed  with  air*»  was  expelled  with  a  velocity 
sufficient  to  produce  ice,  somewhat  in  the  same  manner  as  the  operation  is 
performed  by  compressed  air  in  the  pressure  engine  described  at  page  362. 
The  same  thing  was  done  by  others  who  we  know  did  experiment  on 
steam,  and  who  performed  the  operation  without  the  aid  of  a  great  fall  of 
water.  The  Marquis  of  Worcester  makes  it  the  subject  of  the  ISth  pro- 
position of  his  **  Century  of  Inventions,"  in  a  fountain  which  he  says  a 
child  could  invert.  And  a  century  before,  Cornelius  Drebble  "  made 
certain  machines  which  produced  ram,  hail  and  lightning,  as  naturally  as 
if  these  effects  proceeded  from  the  sky." 

But  whether  Lord  Bacon  used  steam  or  not — and  it  must  be  admitted 
that  there  is  no  direct  evidence  that  he  did — it  is  interesting  to  know  that 
his  great  mind  was  bent  to  the  subject  of  raising  water  on  the  most  ex 
tensive  scale,  and  this  too  at  the  time  when  steam  first  began  to  be  propo 
ped  for  that  purpose  in  England.     On  this  account,  if  on  no  other,  are  his 
labors  entitled  to  notice  here.® 

»  Account  of  Lord  Bacon's  Works,  p.  19. 

*>  Dr.  (afterwards  Bishop)  Burnett,  in  hiit  Letterti  from  Italy,  noticing  the  water-worka 
at  Frescati,  ob»ervcfi,  'Mhe  mixture  of  wind  with  the  water  and  the  thunder  and  storms 
that  thismaketh,  is  noble."    3d  edition,  Rotterdam,  1687,  p.  245. 

<=  Lord  Bacon  seems  to  have  been  greatly  interested  in  mining  and  in  the  reduction, 
compounding  and  working  of  metals.  In  his  treatise  on  the  Advancement  of  Learning 
he  divides  natural  philosophy  into  the  mine  and  furnace,  and  philosophers  into  pioneers 
ana  smiths,  or  diggers  and  hammerers ;  the  former  being  engaged  in  the  inquisition  of 
causes,  and  the  latter  in  the  production  of  effects.  In  his  ''  Physiological  Remains,''  we 
lind  the  saving  of  fuel  thus  noticed  under  the  head  of"  Experiments  for  Profit :"  "Build 
ini;  of  chimneys,  furnaces  and  ovenn,  to  give  out  heat  with  Uaa  wood." 
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Three  years  after  Bacon's  death,  the  first  printed  account  was  published 
of  any  modem  attempt  (yet  discovered)  to  communicate  motion  to  solids 
by  steam,  and  as  usual  an  eolipile  was  employed.  Occupying  a  place  on 
the  domestic  hearth,  as  this  instrument  did,  the  shrill  current  proceeding 
from  it  must  have  often  excited  attention,  and  led  ingenious  men  to  ex- 
tend the  application  of  the  blast  to  other  purposes.  The  first  idea  that 
would  occur  to  a  novice  when  attempting  to  obtain  a  rotary  movement 
from  a  current  of  vapor,  would  be  that  of  a  light  wheel,  having  its  wings 
or  vanes  placed  so  as  to  receive  the  impulse,  in  a  similar  manner  as  little 
paper  wheels  are  made  to  revolve,  which  children  support  on  a  pin  or 
wire  and  blow  round  with  the  mouth — or  those  which  resemble  ventila- 
tors and  revolve  when  held  against  the  wind  at  the  end  of  a  stick.  These 
toys  are  vertical  and  horizontal  windmills  in  miniature,  and  windmills  and 
smoke-jacks  were  the  only  instruments  in  the  16th  century  that  revolved 
by  currents  of  air.  Hence  it  was  natural  to  imitate  the  movements  of 
these  in  the  first  applications  of  steam ;  and  the  more  so  since  steam 
at  that  time  was  generally  considered  to  be  nothing  but  air.^  Such  was 
the  device  of  Giovanni  Branca^  as  described  in  a  work  entitled  The  Ma- 
chine ^  written  in  Italian  and  Latin,  and  published  at  Rome  in  1629.  The 
volume  contains  sixty-three  engravings.  The  twenty-fifth  represents  an 
eolipile,  in  the  form  of  a  negro*s  head,  and  neated  on  a  brazier :  the  blast 
proceeds  from  the  mouth,  and  is  directed  against  pallets  or  vanes  on  the 
periphery  of  a  large  wheel,  which  he  thus  expected  to  turn  round ;  and 
by  means  of  a  series  of  toothed  wheels  and  pinions,  to  communicate  mo- 
tion to  stampers  for  pounding  drugs.  He  proposed  also  to  raise  water  by 
it  with  a  chain  of  buckets,  to  saw  timber,  drive  piles,  &c. 

It  is  hardly  necessary  to  observe  that  the  apparatus  figured  by  Branca 
in  all  probability  never  existed  except  in  his  imagination,  and  that  his 
stampers,  buckets,  saws,  piles,  &c.  could  no  more  have  been  moved  by 
tlie  blast  of  his  eolipile,  tnan  those  venerable  trees  were  >^hich  Wilkins 
and  older  writers  have  represented  being  torn  up  from  the  earth  by  a  man's 
breath — the  blast  being  directed  against  the  vanes  of  a  wheel,  and  the 
force  multiplied  by  a  series  of  t(K)thed  wheels  and  pinions,  until  its  energy 
could  no  longer  be  resisted  by  the  roots.**  Branca  seems  to  have  had  these 
childish  dreams  in  his  mind  when  he  proposed  a  continuous  stream  of 
steam  from  an  eolipile,  in  lieu  of  intermitting  puffs  of  air  from  a  person's 
mouth.  Italian  writers  have  however  claimed  for  him  the  invention  of 
the  steam-engine,  a  claim  quite  as  untenable  as  that  put  forth  in  behalf  of 
Decaus ;  for,  in  the  first  place,  his  mode  of  producing  a  rotary  motion  by 
a  current  of  vapor  was  not  new  :  all  that  can  be  accorded  to  him  in  this 
respect  is,  that  he  perhaps  was  the  first  to  ptddish  a  figure  and  description 
of  It.  Then  it  indicates  neither  ingenuity  nor  research.  There  probably 
never  was  a  boy  that  made  and  played  with  "  paper  windmills"  who  would 
not  have  at  once  suggested  it,  had  he  been  consulted ;  and  when  eolipiles 
weie  common,  many  a  lad  doubtless  amused  himself  by  making  his  '*  mills" 
revolve  in  the  current  of  vapor  that  issued  from  them.  Moreover,  the 
device  is  of  no  practical  value.  How  infinitely  does  it  fall  short  when 
compared  with  that  of  Heron,  (No.  180.)    The  philosophical  principle  of 

•  A  horizoDt4l  and  a  vertical  windmill  are  figured  at  folio  49  of  Rivins'  translation  of 
Viiniviun,  .\.  D.  1548. 

^  By  the  multiplication  of  wheels  and  pinions  it  were  easy  to  have  male,  says  Wilkins 
'one  of  SampMn'fi  hiirs  that  was  shaved  off,  to  have  been  of  more  strength  than  all  of 
Chein  when  they  wen  on  :  by  the  help  of  theMe  arts  it  is  possible,  as  I  shall  demonstrate, 
for  any  man  to  k  f\  up  the  greatest  oak  by  tlie  roots  with  a  sttmw,  to  pull  'i  up  with  a  ' 
or  to  blow  it  up  witn  iiwSnaihS    Math.  Magic,  book  i,chup.  14. 
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recoil  by  which  the  Alexandrian  engineer  imparted  motion  by  steam,  has 
often  been  adopted,  and  engines  resembling  his  are  made  even  at  this  day, 
but  one  on  the  plan  of  Branca  never  was,  and,  without  presumption  it 
may  be  said,  never  will  be.  The  principle  being  bad,  no  modification  or 
extension  of  it  could  be  made  usetul.  No  boiler  could  by  it  be  made  to 
work  even  a  pump  to  inject  the  necessary  supply  of  water. 

Mr.  Farey  has  well  observed  that  steam  has  so  little  density,  that  the 
the  utmost  effect  it  can  produce  by  percuMion  is  very  trifling,  notwith- 
standing the  great  velocity  with  which  it  moves.  The  blast  issuing  from 
an  eolipile,  or  from  the  spout  of  a  boiling  tea-kettle,  appears  to  rush  out 
with  so  much  force  that  at  first  sight  it  might  be  supposed  its  power,  on  a 
,  larger  scale,  might  be  applied  in  lieu  of  a  natural  current  of  wind  to  give 
>  motion  to  machinery ;  but  on  examination  it  will  be  fbund,  that  the  steam 
being  less  than  half  the  specific  gravity  of  common  air,  its  motion  \a  im- 
peded and  resisted  by  the  atmosphere.  As  steam  contains  so  li^'  .e  matter 
or  weight,  it  cannot  communicate  any  considerable  force  by  its  impetus  or 
concussion  when  it  strikes  a  solid  body.  The  force  of  a  current  of  steam 
also  soon  ceases.  This  may  be  observed  in  a  tea-kettle  :  the  vapor  which 
issues  with  g^reat  velocity  at  the  spout,  becomes  a  mere  mist  at  a  tew  inches 
distance,  and  without  any  remaining  motion  or  energy ;  and  if  the  issuing 
current  were  directed  to  strike  upon  any  kind  of  vanes,  with  a  view  of 
obtaining  motion  from  it,  the  condensation  of  the  steam  would  be  still  more 
sudden,  because  the  substance  of  such  vanes  would  absorb  the  heat  of  the 
steam  more  rapidly  than  air. 

Branca's  apparatus  has  been  made  to  figure  in  the  history  of  the  steam- 
engine,  but  with  equal  propriety  might  the  child's  windmill  be  introduced 
into  that  of  air-engines,  for  the  analogy  is  precisely  the  same  in  both.  His 
device  had  no  influence  in  developing  modern  engines.  Instead  of  lead- 
ing to  the  employment  of  the  fluid  in  close  vessels,  and  to  the  use  of  a 
piston  and  cylmder,  its  tendency  was  the  reverse  :  hence  so  far  from  indi 
eating  the  right  path,  it  diverted  attention  from  it. 

At  tlie  time  Branca  was  preparing  his  book  for  the  press,  some  experi- 
ments on  steam  were  being  made  in  England — or  so  it  would  seem  from 
Sanderson's  edition  of  Rymer's  Fojdera.  In  vol.  xix  is  a  copy  of  a  patent 
or  special  privilege  granted  by  Charles  I  to  David  Ramseye,  one  of  the 
grooms  of  the  privy  chamber,  for  the  following  inventions ;  and  dated  Ja 
nuary  21,  1630 : 

"  1.  To  multiply  and  make  saltpeter  in  any  open  field,  in  fewer  acres 
of  ground,  sufficient  to  serve  all  our  dominions.  2.  To  raise  water  from 
low  pitts  hyjire,  3.  To  make  any  ,sort  of  miUs  to  goe  on  standing  waters, 
hy  continual  motion,  without  the  help  of  wind,  waite  [weight]  or  h^rse,  4. 
To  make  all  sorts  of  tapistrie  without  any  weaving  loom,  or  waie  ever  yet 
in  use  in  this  kingdome.  5.  To  make  boats,  shippes  and  barges  to  goe 
against  strong  wind  and  tide,  6.  To  make  the  earth  more  fertile  than 
usual.  7.  To  raise  water  from  low  places,  aftd  mynes,  and  coal  pitts,  by  a 
new  ivaie  never  yet  in  use.  8.  To  make  hard  iron  soft,  and  likewise  copper 
to  be  tuffe  and  soft,  which  is  not  in  use  within  this  kingdome.  9.  To  make 
yellow  wax  white  verie  speedilie."  The  privilege  was  for  fourteen  years, 
and  the  patentee  was  to  pay  a  yearly  rent  of  31,  6s,  Sd.,  to  the  king.  Mr. 
Farey  says  that  Ramseye  liad  patents  for  other  inventions  from  Charles  I, 
out  does  not  enume]*ate  them.  As  it  was  not  then  customary  to  file  spe- 
cifications, there  is  no  record  of  the  details  of  his  plan. 

It  is  singular  that  English  writers  have  passed  over  this  patent  almost 
without  comment,  and  yet  it  contains  the  first  direct  proposal  to  raise  water 
in  that  country  by  steam  of  which  any  account  has  yet  been  produced 
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It  may  perhaps  be  said,  that  steam  is  not  mentioned;  still  it  is  clearly  im- 
plied in  the  second  device,  and  was  probably  used  in  the  thir  i,  fifth  and 
seventh.  The  very  expression  "  to  raise  water  by  fire,"  is  the  samij  that 
Porta,  Decaus,  and  other  old  authors,  used  when  referring  to  such  ap- 
plications of  steam.  Worcester,  Papin,  Savery  and  Newcomen,  all  de- 
scribed their  machines  as  inventions  for  "  raising  water  by  fire  ;'*  and  hence 
they  were  named  '*fire  water-works,"  "  fire  machines,"  and  "fire  engines." 
It  siiould  moreover  be  remembered  that  the  word  steam  was  not  then  in 
vogue.  It  is  not  once  used  by  the  translators  of  the  Bible.  The  fluid  was 
generally  referred  to  as  air,  or  wind,  or  smoke,  according  to  the  appear- 
ances it  presented.  "Rarefying  water  into  ayer  by  fier,"  and  similar  ex- 
pressions, were  common.  The  idea  of  air  in  motion,  or  wind,  was  also 
applied  to  currents  of  steam :  thus  we  read  of  "  heating  water  to  make 
wind,"  and  eolipiles  were  designated  "  vessels  to  produce  wind."  From  the 
form  of  clouds  which  steam  assumes  when  discharged  into  the  atmosphere, 
it  was  also  named  smoke :  thus  Job  calls  it,  in  a  passage  already  quoted ; 
and  Porta,  in  describing  the  apparatus  No.  1S7,  speaks  of  it  both  as  smoke 
and  air.  "  The  water  [in  the  bottle]  must  be  kept  heated  in  this  way  until 
no  more  of  it  remains ;  and  as  long  as  the  water  shall  smoke,  (sfumera) 
the  air  will  press  the  water  in  the  box,"  &c. — ^and  again,  "from  that  you 
can  conclude  how  much  water  has  run  out,  and  into  how  much  air  it  has 
oeen  changed."  Had  Ramsey e  therefore  called  his  device  a  steam  ma- 
chine, its  nature  would  not  have  been  so  well  understood  as  by  the  title 
he  gave  it,  if  indeed  it  could  have  been  comprehended  at  all  by  the  former 
term.  The  expression  "  raising  water  %  j^re "  appears  to  have  as  dis- 
tinctly indicated,  in  the  17th  century,  a  steam-machine,  as  the  term  steam- 
engine  does  now ;  and  there  is  no  account  extant  of  any  device  either  pro- 
posed or  used,  in  that  century,  for  raising  water  from  wells  and  mines  by 
fire^  except  it  was  by  means  of  steam. 

The  date  of  this  patent  being  so  near  that  of  the  publication  of  Branca's 
book,  it  may  perhaps  be  thought  that  Ramseye  derived  some  crude  notions 
from  it  of  applying  a  blast  of  steam  to  drive  mills  and  raise  water,  as  sug- 
gested by  the  Italian ;  but  we  should  rather  suppose  some  modification  of, 
or  device  similar  to,  Porta's  (see  page  408)  was  intended  in  No.  2,  and 
that  Nos.  3,  5  and  7  were  deduced  from  it.  When  once  an  eflicicnt  mode 
of  raising  water  by  steam  (like  No.  187)  was  realized,  some  application  of 
it  to  propel  machinery  would  readily  occur.  We  know  that  both  Savory 
and  Papin  and  others  proposed  to  work  mills,  by  discharging  tlie  water 
they  raised  upon  overshot  wheels ;  and  this  idea  was  so  oljvious  and  na- 
tural, that  hundreds  of  persons  have  proposed  it  in  later  times  without 
knowing  that  it  had  previously  been  done. 

From  the  order  in  which  the  first  three  devices  are  noticed  in  the  privi 
lege,  it  is  possible  that  they  were  all  modifications  of  the  same  thing;  tha«. 
the  second  and  third  were  deduced  from  the  first,  and  consequently  in- 
vented independently  of  any  previous  steam  machines.  The  operation  of 
making  saltpetre  or  nitre  consists  principally  in  boiling,  in  huge  vats  or 
cauldrons,  the  lixivium  containing  the  nitrous  earth ;  and  from  the  large 
quantities  of  water  and  fuel  required,  was  formerly  carried  on  in  such 
places  only  as  afforded  these  in  abundance.  At  such  works,  the  idea  of 
employing  the  vast  volumes  of  vapor  (which  escaped  uselessly  into  the 
air)  to  raise  the  hot,  and  subsequently  cold,  liquids,  would  naturally  occur 
to  an  observing  mind,  and  especially  when  the  subject  of  raising  water  by 
steam  was  exciting  attention.  Certainly  the  idea  was  as  likely  to  occur  tc 
practical  men  while  engaged  in  the  manufacture  of  nitre  in  the  bepfinning 
of  the  17th  century,  as  it  was  to  Worcester  and  others  in  tl  e  middle  of  it 
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and  to  Fanin  luiil  Sarery  at  the  close.  Perhaps  it  will  be  said,  nitre  wna 
not  made  m  Eng-land  at  that  time,  and  therefore  Ramscye  could  not  have 
taken  the  hint  from  such  works  ;  and  that  ihe  sugqestion  could  onlj'  have 
been  derived  from  a  long  practical  experience  in  tnem.  which  he  probahly 
never  had.  This  may  be  '.rue,  and  it  is  not  improbable  that  he  was  merely 
an  agent  in  the  business,  having  by  his  influence  at  court  obtained  ihe 
oatent  for  his  own  as  well  aa  the  inventor's  benefit.  The  clause  attached 
to  the  8th  device, "  not  ir  use  within  thu  kingdome"  impliea  that  they  were 
nnt  al!  of  English  origin.  But  whatever  were  the  origin  and  details  of  those 
for  raisin?  waier,  it  is  clear  that  the  subject  of  steam  was  then  abroad  in 
the  world,  and  ingenious  men  in  various  parts  of  Europe  were  exercising 
their  wita  to  employ  it. 

It  appears  to  u>  from  the  caption  of  Ramseye'a  patent,  that  No.  2  (raising 
water  by  fire)  was  nol  the  first  thing  of  the  kind  proposed  in  England, 
since  if  it  were  he  would  have  said  bo,  as  well  as  of  No.  8,  (softening  iron 
ami  copper) — and  this  further  appears  from  what  he  remarks  of  No.  7, 
"  raising  water  from  low  places,  raynes  and  coal  pitts,"  probably  an  im- 
provement upon  No.  2,  and  difienng  from  all  previous  applications  of 
steam  for  the  purpose  ;  hence  we  are  told  that  it  was  a  "  nein  waie."  one 
"never  ytt  in  we."  Had  not  steam  therefore  been  previously  applied  to 
raise  water,  it  is  exceedingly  probable  that  he  would  have  attached  a  simi- 
lar remark  to  No.  2. 

The  Treatise  on  Art  and  Nature,  mentioned  page  321,  is   the  oldest 
English  book  we  have  met  with  that  illustrates 
the  raisin?  of  water  by  steam  with  a  cut.     The 
annexed  figure  is  from  page  30.     It  possibly 
may  have  been  deduced  from  the  one  given  by 
Decaus,   (No.   185)  but   we   should  think  not ; 
since,  although  the  volume  is  a  compilation,  and 
two  thirds  of  it  taken  up  with  "  water-works," 
there  is  nothing  except  this  from  which  to  infer 
even  the  slightest  acquaintance  with  Decnus's 
book.     It  seems  to  have  been  copied  without 
alteration  from  some  other  author.    It  is  named 
"A  cirncisitfti*  Lamp,  having  the  image  of  a  cock 
titling  on  tkt  top,  out  of  whose  mouth   by  ihe 
heat  of  the.  lamp  either   tenter  or  ayer  may  he 
sent."     The  device  consists  of  an  eolipile  con- 
taining water  and  heated  by  a  lamp  of  several 
wicks.     The  image  of  the  bird  is  Kollow,  and 
cnmmunicates  by  a  species  of  three-way  cock 
with  the  steam,  and  also  with  a  pipe  that  de- 
scends into  the  liquid ;  so  that  when  the  bird  if 
turned  round  till  an  opening  in  the  moveablo 
disk  [n  which  its  lower  part  is  attached  coiii- 
NU.1N.  A.D.  ita  i.         cidcs  with  another  which  communicates  with 
the  steam  in  the  upper  part  of  the  vessel,  vapor 
issues  from  the  mouth  ;  and  when  it  is  turned  till  the  upper  orifice  of  iha 
pipe  corresponds  with  the   opening  in  the  disk,  then  hot  water  is  driven 
nut ;  and  when  the  opening  in   the  disk   does   not   coincide  with  either, 
nothing  can  escape.     After  observing  that  an  opening  with  a  proper  stop- 
per should  be  made  in  thi:  vessel,  to  charge  it  with  water,  the  writer  con- 

■  No.  45  of  Worceiter's  Cenlury  of  [nTenlionn,  ia  named  '•  A  mo«t  conceilid  Tindisr- 
Uui:"  No.  71  "A  8c|U4re  Kef  «ivn  cotccUtd  liaa  laj  other;''  and  Nc.  74  "  .\lii» 
Kitai  Dear." 
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tinues — "  The  larger  von  make  this  vesaul,  the  more  strange  it  will  appear 
in  its  effects,  so  tiie  liahts  [wicks]  be  pro|KircionabIe.  Fill  the  veasell 
halfe  full  of  water,  anJ  set  the  lights  im  firo  underneath  it,  and  after  a 
short  time,  if  you  turn  the  holes  that  are  on  the  sides  of  the  pipes,  that 
they  may  answer  one  another,  the  water  being  by  little  and  little  con- 
verted into  ayer  [ateam]  by  the  heat  of  the  lights  that  are  underneath,  will 
breath  forth  at  the  month  of  the  cock  ;  but  if  you  turn  the  mouih  of  the 
cock  the  other  way,  that  the  holes  at  the  bottom  of  the  pipes  may  answer 
each  to  other,  then  there  being  no  vent  for  the  ayer  to  breath  out,  it  will 
presse  the  water  and  force  it  to  ascend  the  pipe,  and  issue  out  where  the 
ayor  breathed  out  before.  Thia  ia  a  thing  may  tuove  great  admiracion  in 
the  unskiirull,  and  auch  aa  understand  it  not.  Ot/ier  deoicet,  and  thote 
mtKh  moTe  Hrangf  in  their  fffectt,  may  be  emttrivedjrom  hence."* 

KIrcher,  in  1041,  deacrilied  in  hia  Ars  MagnHicefi  the  device  for  raising 
water  figured  in  the  margin,  a  model  of  vt'hich  was  found 
in  hia  museum  after  his  death.  A  close  re&sel  containing 
the  water  to  Le  elevated  is  connected  by  a  pipe  that  pro- 
ceeda  from  its  upper  part  to  the  top  of  the  boiler,  which 
is  supported  on  a  Irevet.  When  the  boiler  was  heated, 
steam  ascended  through  the  pipe,  and  accumulating  in  the 
upper  vessel,  forced  the  water  up  the  jet-pipe  as  repre- 

This,  it  will  be  seen,  iaPorta'a  machine  (No.  187) 
adapted  to  the  operation  of  raising  liquids,  which  it  ex- 
hibits in  a  very  neat  and  Batisfactory  manner.  It  is  not 
however  equally  clear  that  Kircher  had  any  idea  of  adapt- 
ing the  plan  to  the  draining  of  mines,  or  other  hydraulic 
purposes  in  the  arts.  Had  such  been  the  case,  he  would 
most  likely  have  mentioned  it  in  his  Mundus  Subterranai*, 
a  work  published  some  years  afterwards,  and  in  the  se- 
cond volume  of  which  he  figures  and  describes  the  ordi- 
nary machines  then  in  use,  viz.  ihe  bucket  and  windlass, 
chain  of  pots,  chain  pump,  and  atmospheric  pumps.  The 
form  of  the  model  (an  imitation  of  a  vase  supported  on  a 
column)  rendered  it  an  appropriate  addition  to  hia  phi- 
losophical apparatus. 

In  1643,  the  great  discovery  of  atmospheric  pressure 
"wl"^"'  was  made;  a  discovery  whose  influence,  like  that  of  the 
atmosphere  itself,  is  felt  more  or  less  in  every  art  and  every 
science.  It  led  In  a  very  short  time  to  a  series  of  inventions  of  the  highest 
value,  among  which  the  recipi-ocaling  steam-engine  should  probably  be 
placed.  We  mention  it  here  in  chronological  order,  that  its  influence  in 
developing  and  improving  the  machine  just  named  may  he  more  readily 
appreciated  when  we  come  to  notice  subsequent  attempts  to  impart  motion 
by  »'«""■• 

■  John  Bate,  who  publinhed  a  lreati«c  on  Fire-worlis  in  IS-TS.  wu  perhspB  ihe  compiler 
orUiin  curious  volume.  Suutl.  in  hit  Sporu  and  PaBtimei  of  Ihe  People  of  EngfiDtl, 
quotes  B»te'»  book,  but  it  would  •eem  iW  the  lame  cuts  were  not  in  both,  for  when 
■penking  oC  hmt' kilti,  S trim  observe"  that  the  earlieal  notice  of  them  that  he  could  find 
ill  books  was  in  sn  English  and  French  DirtiotMry  of  11)90;  whetemi  there  u  a  figiire 
of  B  man  flying  ona,  with  crackers  and  other  fire-worlu  attached  to  the  lail,  mtheiv- 
Mnd  part  of  ■'  An  and  Naiiirc." 

<•  This  work  waa  pnbliiilied  In  qiisrlo.  at  Etume  and  Colonne,  in  IG4I  ;  uDd  m  folio, 
.:  Rome,  in  1654.  CBtnto^iie  of  Kircher'*  Works  at  the  end  of  the  fir*t  v^lnioo  of 
Mtmdu*  SnUtrrtauMt.  Anuurdnni,  tl)(& 
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Some  remarkably  ingenious  experimentalists  flourished  abcat  tVe  middle 
of  the  17th  century,  whose  names  have  perished ;  and  of  their  labors  no- 
thing is  known,  except  an  enumeration  of  the  uses  to  which  some  of  their 
inventions  could  be  applied.  An  example  of  this  is  furnished  by  an  ano- 
nymous pamphlet,*  published  in  1651,  from  which  the  following  extract  is 
taken.  The  device  referred  to  seems  to  have  possessed  every  attribute 
of  a  modern  high-pressure  engine,  and  the  various  applications  of  the  latter 
appear  to  have  been  anticipated.  "  Whereas,  by  the  blessing  of  God, 
who  only  is  the  giver  of  every  good  and  perfect  gift,  while  I  was  search- 
ing after  that  which  mar.y,  far  before  me  in  all  humane  learning,  have 
sought  but  not  yet  found,  viz.  a  perpetual  motion,  or  a  lessening  the  dis 
tance  between  strength  and  time  ;  though  I  say,  not  that  I  have  fully  ob 
tained  the  thing  itself,  yet  1  have  advanced  so  near  it,  that  already  1 
can,  with  the  strength  or  helpe  of  four  men,  do  any  work  which  is  done  in 
England,  whether  by  winde,  water  or  horses,  as  die  grinding;  of  wheate, 
rape,  or  raising  of  water ;  not  by  any  power  or  wisdome  of  mine  own, 
but  by  God's  assistance  and  (I  humbly  hope,  after  a  sorte,)  immediate  di- 
rection, I  have  been  guided  in  that  search  to  treade  in  another  pathe  than 
ever  any  other  man,  that  I  can  hear  or  reade  of,  did  treade  before  me ; 
yet,  with  so  good  success,  that  /  have  already  erected  one  little  engine,  or 
great  fnodel,  at  Lambeth,  able  to  give  sufficient  demonstration  to  either 
artist  or  other  person,  that  my  invention  is  useful  and  beneficial,  (let  others 
fifty  upon  proof  how  much  more,)  as  any  other  way  of  working  hitherto 
known  or  used."  And  he  proceeds  to  give  "  a  list  of  the  uses  or  applica- 
tions for  which  these  engines  are  Rt,  for  it  is  very  difficult,  if  not  impossi- 
ble, to  name  th^Yn  all  at  the  same  time.  To  grind  malt,  or  hard  come ; 
to  grind  seed  for  the  making  of  oyle ;  to  grind  colours  for  potters,  painters, 
or  glasse-houses ;  to  grind  barke  for  tanners ;  to  grind  woods  for  dyers ; 
to  grind  spices,  or  snufFe,  tobacco  ;  to  grind  brick,  tile,  earth,  or  stones  for 
plaster ;  to  grind  sugar-canes  ;  to  draw  up  coales,  stones,  ure,  or  the  like, 
or  materials  for  great  and  high  buildings ;  to  draw  wyre;  to  draw  water 
from  mines,  meers,  or  fens  ;  to  draw  water  to  serve  cities,  townes,  castles; 
and  to  draw  water  to  flood  dry  grounds,  or  to  water  grounds ;  to  draw  or 
hale  ships,  boates,  SfC.  up  rivers  against  the  stream  ;  to  draw  carts,  wagons^ 
S^e,  as  fast  without  cattel :  to  draw  the  plough  without  cattcl  to  tJie  same 
despatch  if  need  be;  to  brake  hempe,  flax,  &c.;  to  weigh  anchors  with  less 
trouble  aid  sooner;  to  spin  cordage  or  cables ;  to  bolt  meale  faster  and 
tine ;  to  saw  stone  and  timber ;  to  polish  any  stones  or  mettals ;  to  tume 
any  great  works  in  ivood,  stone,  mettals,  ifr:,  that  could  hardly  be  done  be- 
fore ;  toJUe  much  cheaper  in  all>  great  works;  to  bore  wood,  stone,  mettals; 
to  thrashe  come,  if  need  be;  to  winnow  come  at  all  times,  better,  cheaper, 
&c.  For  paper  mills,  thread  mills,  iron  mills,  plate  mills;  cum  multis 
aliis"  If  this  extraordinary  engine  of  motion,  observes  Mr.  Stuart,  to 
whom  we  are  indebted  for  the  extract,  was  not  some  kind  of  a  steam 
engine,  the  knowledge  of  an  equally  plastic  and  powerful  motive  agent 
has  been  utterly  lost. 

Steam  is  not   here  indicated,  but  it  is  difficult  to  conceive  any  other 
agent,  unless  some  explosive  compound  be  supposed,  by  which  the  pros 
sure  of  the   atmosphere  was  excited.     That  the  engine  consisted  of  a 
working  cylinder  and  piston,  and  the  latter  moved  by  steam,  must  we 

*  Inveniion  of  Engines  of  Motion  lately  brought  to  perfection ;  **  whereby  may  be  despatch 
od  any  %Tork  now  done  in  England,  or  elsewhere,  (especially  works  that  require  strength 
and  swiAness,)  either  by  water,  wind,  cattel.  or  men,  and  that  with  better  accemmoda 
tion  and  more  profit  than  by  any  tiling  hitherto  known  and  a«ed."    London,  1651. 
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iin..k.  Vr  a  irr.itrp'i  :  f^r  al''  -r'.  rr.-^:  of  liie  oper^i'r,z3  mectioDcd  iniglit 
Lave  :>-».- L  ;>.-rt'-frT.'.e*i  ov  :'..rc.:  z  -p  waitr  od  an  o%er5t«x  wkeel,  by  an 
ar/:'^'^'  ,<»  *.r:.^.%r  t*>  Pap'.ii's  or  r^ivery's  sxeam-etziijes,  there  are  odiera 
U>  HI...'.-.  *-^'-r.  a  m«>ie  was  n.ite  Ir.ipp.:c4r;'.e,  as  raising*  of  ancliors,  or 
ffTf,'*T..,:::  t ir* «.  -a  --t  j or. «  ai..i  p . '.  -. i' r.s.  The  ic vector,  vboever  he  was, 
r.i4  J.'.-:.  :,r  /-A*  <»{  an  exiraorcirAry  sa^racitv,  for  erery  operation  named 
r.v  ;  T.  \^  I.  ■■*'  efT'-c'^.i  ov  the  iteam-er.zrue,  except  raising  the  anchors  of 
h'f -:!.". '%■*'***:'.''.  ar.«i  :»!o  ^sTr.insr-  The  latter  is  at  present  the  sTi'jrtrt  of  ex- 
pe-'i.'r."  •.  :*.'..;  tr.e  former  i»:Il  in  all  proLa:.il.ty  be  soon  adcp'eti.  The 
iM'f.o.S  ,4  x/.-'S  '.vtfrre  m«j*t  likely  not  appreciated  by  his  cocten-poraries, 
UfA  H*  ':.*'.  \\'»r.  I  U  al-A'aya  too  apt  to  think  the  worst  in  SDch  cases,  the 
wt.it. f:  w ...  itT  t'>'<i^t\y  no'r  r^e  set  down  hw  s<»me  persons  as  tl-e  dream  of  a 
%^U2  'i.'.e  :»'  *-c?or — tr.e  ji-iirm^nt  commonlv  passed  upon  those  mho  are 
in  '4j\\ix:j,*T  i>\  t».e  a^^e  t}i#»v  li^e  in-  Of  this  lamenia'rile  truth  several  ex- 
amf'i»r4  wil.  r^  fvin*i  in  il.is  vol  Time,  and  in  the  Kis'ory  of  every  important 
inver.'  on.  We  sf.a'.l  notice  two  here,  as  thev  relate  to  two  of  the  most 
val.j^ib'.e  apri-icatior.«  of  srteam.  Olirer  JBraiu,  in  17S6,  nrgred  upon  a 
comrnirtee  of  the  i^-j  •►larure  of  Penn5%"lvar:ia,  the  advantas^es  to  be  derived 
from  fcte^m-Jx^'its  arnl  "5t«-am-wairo::3,"  ^nd  predicted  their  universal 
adoption  in  a  short  time.  The  opii.ion  which  the  committee  formed  of 
him  was  expressed  a  few  years  afterwards,  hy  one  of  its  iiiemi>ers.  in  the 
followir.jr  words :  "To  tell  vou  tiie  truth,  Mr.  £  vans,  ire  thought  vou 
were  derangred  when  you  spoke  of  making  steam-wc^f^s  "  The  other 
relates  to  John  Fitch^  a  clock  ar.d  watch  maker,  than  whom  a  more  inge. 
nioijs,  per«evcrinfir  and  unfortunate  man  never  lived-  In  spite  of  difficulties 
that  few  could  with^rand,  he  succeeded  in  raising  the  means  to  construct 
a  st/'am-ooat,  which  he  ran  se%'eral  limes  from  Philadelphia  to  Burlington 
and  Trenton  in  17SS.  As  a  first  attempt,  and  from  the  want  of  proper 
manufactorieii  of  machinery  at  the  time,  it  was  of  necessity  imperfect : 
then  public  opinion  was  unfavorable,  and  the  shareholders  finally  aban- 
doned the  scrif^me.  His  feelinirs  may  be  imagined,  but  not  described ; 
for  he  saw  and  predicted  the  <rlor^'  that  awaited  the  man  who  should  suc- 
ceed in  introducin<r  such  vessels  in  more  favorable  times.  •'  The  day  will 
come  [he  observol]  when  some  more  powerful  man  vrill  get  fame  and 
riches  by  my  inventicm,  but  nobody  will  believe  that  poor  John  Fitch  can 
do  anv  thino-  worthy  of  attention."  He  declared  that  within  a  century 
the  westi'rn  rivers  would  swarm  with  steam-vessels,  and  he  expressed  a 
wish  to  be  buried  on  the  margin  of  the  Ohio,  that  the  music  of  marine  en- 
gines in  pa-ssing  by  his  grave  mierht  echo  over  the  sods  that  covered  him. 
In  a  letu»r  to  Mr.  Riltenhouse.  in  1792,  he  shows  the  applicability  of  steam 
to  propel  ships  of  war,  and  asserts  that  the  same  agent  would  be  adopted 
to  navigate  the  Atlantic,  both  for  packets  and  armed  vessels.  Descanting 
on  one  occasion  upon  his  favorite  topic,  a  person  present  observed  as  Fitch 
retired,  "  poor  fellow !  what  a  pity  he  is  crazy  !"  He  ended  his  life  in  a 
fit  of  insanity  by  plunging  into  the  Allegany.* 

In  tracing  the  progress  of  discovery  which  resulted  in  the  steam-engine, 
we  have  seen  that  the  two  grand  properties  of  aqueous  vapor — its  elastic 
energy,  and  the  instant  annihilation  of  this  energy  by  condensation — ^were 
well  known  in  the  16th  century.  On  these  properties  of  steam  were  based 
all  the  efforU  of  experimenters  to  accomplish  the  two  great  objects  they 
had  in  view;  i.  e.  to  impart  motion  by  it  to  general  mechanism,  and  to 
employ  it  as  a  substitute  for  pumps  to  raise  water.     Before  either  the 


•  Supplement  to  Art.  "  Steam-Boai."  Ed.  Encyclopedia,  hv  Dr.  Meaae :  and  Wat«ja'« 
Early  Settlement  and  Progress  of  Philado'phia,"  6lc.     Phil.  1833. 
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elastic  foice  or  the  condensation  of  steam  could  be  beneficially  a|  plied  tC 
give  motion  directly  to  solids,  some  plan  very  different  from  that  of  Branca 
was  required — one  by  which  the  fluid  could  be  used  in  close  vessels 
Now  there  is  in  the  whole  range  of  mechanical  combinations  but  one  de- 
vice of  the  kind  yet  known,  and  it  has  but  few  modifications,  viz.  a  piston 
and  cylinder.  Experience  has  proved,  that  of  aW  contrivances  for  trans- 
mitting the  force  of  highly  elastic  fluids  to  solid  bodies,  this  is  the  best. 
Thus  guns  are  cylinders,  and  bullets  are  pistons,  fitted  to  fill  the  bore  and 
at  the  same  time  to  move  through  the  straight  baiTels.  It  is  the  same, 
whatever  the  impelling  agent  may  be;  whether  ffun-powder,  steam,  or 
compressed  air.  The  air-guns  of  Ctesibius  are  tne  oldest  machines  of 
the  kind  on  record,  and  from  them  we  see  that  the  ancients  had  detected 
this  mode  of  employing  afiriform  fluids. 

Steam-engines  simply  considered  are  but  modifications  of  guns.  In  the 
latter,  the  bullet  or  piston  is  driven  entirely  out  of  the  cylinder,  and  in 
one  direction  only,  because  the  intention  is  to  impart  the  momentum  to  a 
distant  object  at  a  blow  :  but  by  the  former  the  aesign  is  to  derive  from 
the  moving  bullet  a  continuous  force;  hence  it  is  not  allowed  to  leave  the 
cylinder,  but  is  made  to  traverse  incessantly  backwards  and  forwards 
within.  In  order  to  transmit  its  impetus  to  the  outside  of  the  cylinder 
and  to  the  objects  to  be  acted  upon,  a  straight  rod  is  attached  to  it,  and 
made  to  slide  through  an  opening  in  one  end  of  the  cylinder.  It  is  by 
means  of  this  rod  that  motion  is  imparted  to  the  machinery  intended  to  be 
moved.  All  the  mechanism,  the  wheels,  cranks,  shafts,  drums,  &c.  of 
steam-engines  are  but  appendages  to  the  cylinder  and  piston ;  they  may 
be  removed  and  the  energy  of  the  machine  still  remains;  but  take 
away  either  cylinder  or  piston  and  the  whole  becomes  inert  as  the  limbs 
of  an  animal  whose  heart  has  ceased  to  beat.  Therefore  it  is  the  working 
cylinder  and  piston  alone  that  give  efficiency  to  modern  steam-engines ; 
and  it  is  to  those  persons  who  contributed  to  introduce  them,  that  the 
glory  attending  the  invention  of  these  great  prime  movers  is  chiefly  due. 

Whatever  may  be  said  respecting  more  ancient  applications  of  steam  aa 
a  moving  power,  modern  engines  are  one  of  the  results  of  the  discovery 
of  atmospheric  pressure.  All  the  early  ones  of  which  descriptions  are 
extant  were  rather  air  than  steam  machines,  not  being  moved  by  the  latter 
fluid  at  all.  Their  inventors  had  no  idea  of  employing  the  elastic  force 
of  steam,  but  confined  themselves  to  the  atmosphere  as  a  source  of  motive 
force :  hence  they  merely  applied  steam  in  lieu  of  a  syringe  to  displace 
air  from  a  cylinder,  that,  when  the  vapor  became  condensed  by  cold  into 
a  liquid,  the  atmosphere  might  force  down  the  piston.  That  this  was  the 
way  in  which  modern  engines  took  their  rise  appears,  further,  from  the 
same  feature  being  retained  in  a  great  portion  of  them  to  this  day.  They 
are  now  ranged  in  three  classes — 1st  cUmosvheric,  2d  low  jfrcssurty  and  3d 
high  pressure  engines;  and  this  we  know  is  the  order  in  which  they  were 
developed.  In  the  first,  the  power  is  derived  exclusively  from  the  atmos- 
phere, the  vapor  employed  being  used  only  as  a  substitute  for  an  air-pump 
m  making  a  vacuum  under  the  piston.  In  process  of  time  the  second  wej 
devised,  m  which  the  elastic  force  of  steam  is  made  to  act  against  one  side 
of  the  piston,  while  a  vacuum  is  formed  on  the  opposite  side.  The  next 
step  was  to  move  the  piston  by  the  steam  alone,  and  such  are  named  high- 
pressure  engines.  The  term  «^^am-engine  is  therefore  not  so  definite  as 
some  persons  might  suppose,  since  it  is  not  confined  to  those  in  which 
steam  is  the  prime  mover.  Had  it  not  been  for  Torricelli's  discovery,  it 
18  possible  that  we  should  never  have  known  any  other  species  of  steam- 
engine  than  those  of  the  third  class;  and  hence  we  repeat,  that  whatever 
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may  be  thought  of  engines  made  previous  to  tlie  17lh  century,  thoso  cf 
modem  days  were  obviously  derived  from  atmospheric  ones  of  the  first 
class,  while  these  in  their  turn  were  very  likely  deduced  from  the  appa* 
ratus  described  in  the  next  paragraph. 

Olio  Guerricke,  of  whom  we  spoke  at  page  190,  one  of  the  earliest,  and 
M  far  as  mechanical  ingenuity  went  perhaps  the  most  gifted,  of  the  early 
elucidators  of  atmospheric  pressure, 
exhibited  in  his  public  experiments 
at  Ratisbon,  in  1654,  the  following 
application  of  that  pressure  as  a  mo 
live  force.  A  large  cyUnder,  A,  was 
firmly  secured  to  a  post  or  frame. 
s  open  at  the  top  and  closed  at 


the  bottom,  t 


raiely  fiited  to  v 

waa  fastened  to  the  pistnn-rod  and 
passed  over  two  pulleys,  B  C,  as  rep- 
resented, by  which  was  suspended  a 
scale,  D,  containing  several  weights. 
When  the  air  was  withdrawn  from 
the  lower  part  of  the  cylinder,  tho 
pressure  of  the  atmosphere  depress- 
ed the  piston  and  raised  the  scale  and 
weighls.  To  vary  the  experiment, 
tiie  weights  were  removed  and 
1. 1«H.  twen^  men  were  employed  to  pull 

at  the  rope  with  all  their  strength  ; 
but  Bi  soon  as  a  vacuum  was  made  by  the  small  air-pump  attached  to  the 
bottom  of  the  cylinder,  the  piston  desceoded,  notwithstanding  all  theii 
efibrtB  to  prevent  IL 

This  is  the  oldest  apparatus  on  record  for  transmitting  motion  to  solidi 
by  a  piston.  We  can  however  hardly  believe  that  it  was  the  first  deviaed 
for  the  purpose.  It  would  bo  strange  if  it  were ;  for  whatever  may  have 
been  the  nature  of  Anthemius's,  Garay's,  and  other  old  machines  in 
which  steam  was  the  active  principle,  pumps  and  syringes  had  been  too 
common,  and  experiments  with  them  too  frequent,  for  such  a  device  to 
have  been  unknown.  Such  men  as  Aristotle  and  Archimedes,  Ctesibius, 
Heron,  Ro^er  Bacon  and  their  successors,  were  all  aware  that  a  syringe 
presented  the  same  phenomenon  as  Gruerricke's  apparatus,  when  the  pis- 
ton was  drawn  up  while  the  discharging  orifice  waa  closed  :  the  same 
thing  was  also  observed  with  common  pumps  when  the  suction-pipes  were 
either  closed  or  choked.  Kxperiments  therefore  to  illustrate  the  force 
thus  excited  were  in  all  probability  made,  and  with  apparatus  similar  to 
that  of  the  Prussian  philosopher,  long  before  his  time,  although  no  account 
of  them  is  extant.  But  if  even  such  had  been  mode,  they  would  not  lessen 
in  any  degree  the  merit  of  Guerricke,  since  his  experiment  undoubtedly 
originated  with  himself,  and  all  knowledge  of  similar  ones  had  been  lost 
In  this  device  we  behold  the  same  moving  force,  and  the  same  mecha- 
nism for  applying  it,  as  were  subsequently  adopted  in  steam-engines,  which 
at  first  were  little  more  than  copies  of  this :  for  example,  bad  a  loaded 
pump-rod  been  suspended  to  the  rope  instead  of  the  scale  and  weights, 
the  apparatus  would  have  differed  from  Newcomen's  engine  only  in  the 
mode  of  exciting  the  atmospheric  pressure.  To  Guerricke,  therefore,  is 
due  llie  credit  of  having  not  only  pointed  out  the  power  which  alone  gave 
efficiency  to  the  first  steam- machines,  but  also  of  devising  the  moat  eStie 
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tual  means  of  employing  it.  No  one  could,  we  think,  claiir  an  equal  de- 
gree of  merit  for  simply  applying  (not  inventing^)  another  mode  of  produ- 
cing a  vacuum  under  the  piston;  but  without  msisting  on  this,  it  may  bo 
observed  that  even  at  present,  in  all  low-pressure  engmes,  the  vacuuip  is 
made  just  as  Guerricke  made  it,  viz.  by  an  air-pump;  so  that  the  impress 
of  his  genius  on  thci  steam-engine  is  no  more  obliterated  in  this  respect 
than  it  is  in  others.  Every  unbiassed  mind  will  therefore  admit,  that  an 
honorable  place  in  its  history  should  be  assigned  to  the  phllosophez  oi 
Magdeburg. 
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RoMODt  of  old  Inventors  for  eoneealiny  their  diMoverian-^entury  of  InTentlont— Marquii  of  VI*or- 
Mier— Hii  luveiitioos  matured  before  ibe  Civil  War»— Several  revived  dnce  his  deetii — Problems  in 
the  *'  Century  *  in  older  authors— Bird  roasting  itself— Imprisoning  Chair— Portable  Fortification*— 
flying— Diving— Drabbled  Submarine  Ship— The  68th  Problem— This  remarkably  explicit— The  device 
consisted  of  one  boiler  and  two  receivers— The  receivers  charged  by  atmospheric  pressure— Three  and 
four-way  cocks— An  hydraulic  machine  of  Worcester  mentioned  by  Cosmo  de  Hedicis— Worcester's 
machine  superior  to  preceding  ones,  and  similar  to  Savory's— Piston  Steam-Engine  also  made  by  him- 
Copy  of  the  last  three  Problems  in  the  Century — ^Ingenious  mode  of  stating  them— Forcing-Pumps  work 
ed  by  Steam-Engines  intended — Ancient  Riddle— Steam-Boat  invented  by  Worcester — Projectors  des- 
pised in  his  time— Patentees  caricatured  in  a  public  procession— Neglect  of  Worcester— His  death— » 
Persecution  of  his  widow— Woreester  one  of  the  greatest  Mechanicians  of  any  age  or  naUouF-Glauber. 

As  yet  we  have  not  met  with  any  definite  description  of  a  steam-engine 
in  actual  use.  This  can  only  be  accounted  for  from  the  fact  that  old  in- 
ventors were  all  jealous  of  die  printing-press.  They  believed  their  inte- 
rest required  concealment  on  their  part,  that  pirates  might  not  rob  them 
of  their  labors.  They  have  been  blamed  for  this,  and  so  have  some  mo- 
dern mechanics,  but  we  think  without  reason  ;  for,  to  obtain  satisfaction 
at  laic  in  such  cases,  was  formerly  as  difficult  as  it  is  now  in  most  cases. 
To  have  to  puTcheise  justice ^  as  in  a  lottery,  with  money,  is  bad  in  itself, 
and  worse  because  those  without  money  cannot  obtain  it  ;*  but  to  have  to 
give  more  for  it  than  it  is  worth,  if  perchance  it  be  awarded,  is  a  disgrace 
to  enlightened  nations — an  evil  that  savages  would  not  for  a  moment  en- 
dure. It  is  thus  that  law,  though  ordained  to  promote  justice,  is  so  pros- 
tituted as  not  only  to  defeat  the  object  for  which  it  was  designed,  but  to 
cherish  the  grossest  injustice.  It  has  always  been  a  bar  to  the  progress  of 
the  arts.  The  difRculty  and  expense  of  obtaining  and  preserving  an  ex- 
clusive right  to  their  inventions — that  is,  to  their  own  property — have  in- 
di;ced  inventors  more  or  less,  in  every  age,  to  conceal  their  discoveries  till 
death,  and  even  then  to  destroy  all  records  respecting  them. 

When  old  inventors  were  solicitous  o£ public  patronage,  instead  of  es- 
tablishing their  claims  to  it  by  explaining  the  principles  and  operations  of 
their  machines,  they  contented  themselves  with  enumerating  their  uses 
and  good  qualities  merely.  They  proclaimed  the  great  things  that  could 
be  done,  but  studiously  concealed  the  modes  and  means  of  doing  them  : 
lience  new  inventions  were  sometimes  announced  enigmatically,  the  mov- 
mg  or  constituent  principles  being  so  obscurely  hinted  at  tliat  few  readen 
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could  apprehend  them.  Of  this  node  of  exciting  public  attention,  the 
account  of  the  ei.gine  of  motion  in  the  last  chapter  is  an  example;  and 
several  more  may  be  seen  in  the  pamphlet  published  by  the  Marquis  of 
Worcester,  in  1663,  entitled  "  A  Century  of  the  Names  and  Scantlings 
[outlines  or  hints]  of  such  Inventions  as  at  present  I  can  call  to  mind  to 
have  tiled  and  perfected;  which,  my  former  notes  being  lost,  I  have,  at 
the  instance  of  a  powerful  friend,  endeavored,' now  in  the  year  1655,  to 
to  set  down  in  such  a  way  as  may  sufficiently  instruct  me  to  put  any  of 
them  In  practice."  This  book  is  made  up  of  one  hundred  inventionif, 
numbered  from  one  upwards.  It  contains  a  distinct  reference  to  a  work- 
ing steam-machine  for  raising  water,  and  also  hints  by  which  its  nature 
and  construction  are  pretty  clearly  ascertained.  There  is  some  reason  to 
believe  that  the  modern  high-pressure  engine  is  also  referred  to.  From 
the  circumstanoe  of  the  author  having  figured  largely  in  the  civil  wars,  he 
having  been  an  enthusiastic  adherent  of  Charles  I.  and  of  monarchy,  his 
character  and  that  of  his  book  have  been  represented  in  the  best  and  worst 
of  lights.  By  his  enemies  he  was  held  up  as  false  and  unprincipled  in 
the  highest  degree ;  by  his  friends,  as  chivalrous  and  of  unspotted  honor. 
The  "  Century"  has  been  denounced  as  a  scheme  to  impose  on  the  cre- 
dulity of  mankind— the  dream  of  a  visionary— and  Hume,  in  his  History, 
goes  so  far  as  to  name  it  "  a  ridiculous  compound  of  lies,  chimeras,  and 
impossibilities."  On  the  other  hand,  it  has  been  received  by  many  (and 
generally  by  practical  men)  In  the  light  in  which  the  author  represents  it, 
viz.  as  a  memorial  of  inventions  actually  put  in  practice  by  him — such  as 
he  had  really  "  tried  and  perfected." 

With  the  political  conduct  of  Worcester  we  have  nothing  to  do.  He 
naturally  enoue^h  supported  that  system  by  which  he  and  the  rest  of  the 
Lords  acquired  and  entailed  their  exclusive  privileges ;  among  which  the 
abominable  one  of  being  legislators  by  hirtk  was  perhaps  the  most  odious 
and  unnatural.  On  the  fall  of  the  king  he  retired  to  the  continent,  but,  at 
the  request  of  Charles  II,  ventured  to  visit  London  in  disguise  in  1656. 
Being  discovered,  he  was  arrested,  and  confined  in  the  Tower  until  the 
reestablishment  of  monarchy  in  1660.     He  died  in  1667. 

We  have  no  positive  information  respecting  the  time  when  he  com- 
menced his  mechanical  researches.  There  is  however  reason  to  believe 
that  most,  if  not  all,  the  inventions  enumerated  in  the  '*  Century  "  were 
matured  before  the  civil  wars  broke  out,  and  consequently  that  the  account 
of  them  was  drawn  up,  as  he  declares,  in  1655.»  No.  56  he  observes  was 
tried  before  Charles  1,  Sir  William  Balfour,  and  the  Dukes  of  Bichniond 
and  Hamilton;  and  this  could  not  have  been  later  than  1641,  for  Balfour 
was  dismissed  that  year.  In  addressing  the  Century  to  Parliament,  he 
mentions  having  had  "  the  unparalleled  workman,  Caspar  Kaltoff,"  in  his 
employment  "  these  five  and  thirty  years,"  and  who  was  at  that  time 
(1663)  engaged  in  his  service.  This  carries  back  his  experiments  to  1C28. 
Some  of  his  "  water- works"  were  in  operation  in  his  father's  castle  (at 
Ragland,  in  Wales)  at  the  commencement  of  the  Long  Parliament,  (1640) 
for  by  their  sudden  movements  he  is  said  to  have  frightened  certain  adhe- 
rents of  the  Parliament,  who  went  to  search  the  castle  for  arms.  The  na- 
ture of  these  works  is  not  indicated,  except  that  they  consisted  of  "several 
engines  and  wheels,"  and  that  large  quantities  of  water  were  contained  In 
reservoirs  on  tJie  top  of  a  high  tower.  Whether  steam  was  the  agent  em- 
ployed to  raise  this  water  is  unknown.  It  could  not  have  been  if  the  tra- 
dition, credited  by  some  writers,  was  true,  viz.  that  his  attention  was  first 


*  The  Century  iii  copied  in  vol.  ziii  of  Tilloch's  Phil.  Mag. ;  and  tho  editor  reuiarkfl. 
iLVB  little  tract  was  ^rnx  published  in  1655." 
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drawn  to  the  employment  of  steam  by  observing,  while  a  jrisor^er  in  tkt 
Tower f  a  pot-lid  raised  or  thrown  off  by  it.  If  tliis  was  the  case,  then  no 
dependence  can  be  placed  on  Worcester's  assertion,  that  the  whole  Cen- 
tury was  written  in  1655 ;  but  there  is  no  reason  to  question  his  veracity 
In  this  respect.  On  the  contrary,  the  tradition  is  obviously  a  fable ;  one 
that  has  been  applied  to  others  as  well  as  to  him. 

Although  many  of  the  devices  in  the  Century  appear  at  first  sight  ex- 
tremely absurd,  and  others  impossible,  yet  every  year  is  producing  a  solu- 
tion of  one  or  more  of  them.  One  half,  at  least,  of  the  number  have  been 
realized;  among  which  are  telegraphs,  floating  baths,  short-hand,  combi- 
nation locks,  keys,  escutcheons  and  seals,  rasping  mills,  candle-moulds, 
engines  for  deepening  harbors  and  docks,  contrivances  for  releasing  unruly 
horses  from  carnages,  torpedoes,  diving  apparatus,  floating  gardens,  bucket 
engines,  (see  page  64  of  this  volume)  universal  lever,  repeating  guns  and 
pistols,  douhle  water  screws  (p.  140  of  this  vol.)  abacus,  portable  bridges, 
floating  batteries  &c.  besides  his  applications  of  steam,  which  will  be  no- 
ticed more  at  large  farther  on. 

It  must  not  be  supposed  that  Worcester  was  the  first  projector  of  every 
problem  in  the  Century,  although  his  solutions  may  have  been  peculiar  to 
himself.  The  gp-eater  part  may  be  found  in  the  works  of  Porta,  Fludd, 
Wilkins,  and  others  of  his  predecessors  and  contemporaries ;  so  that  the 
charges  of  absurdity  brought  against  many  of  them  are  not  attributable  to 
him  alone.  Indeed,  the  Century  is  in  a  great  measure  free  from  those 
puerile  conceits  that  abound  in  old  authors.*  No.  3  he  names  **  a  one-line 
cypher,"  that  is,  a  character  composed  of  a  single  line,  which  by  its  posi- 
tion was  made  to  represent  each  and  every  letter  of  the  alphabet.  (Now 
used  in  short-hand.)  No.  4  is  an  improvement,  and  consists  in  substituting 
Joints  or  dots  in  place  of  lines.  No.  5,  "  a  way  by  circular  motion,  either 
along  a  rule  or  nngwise,  to  vary  any  alphabet,  even  this  of  points,"  ^c. 
Now  these  three  systems  were  explained  and  illustrated  by  diagrams  in 
detail,  twenty-two  years  before  the  publication  of  Worcester's  book,  by 
Bishop  Wilkins,  in  his  "  Mercury,  or  secret  and  swift  Messenger,"  a  tract 
printed  in  1641.  The  eleventh  chapter  treats  "  of  writing  by  invented 
characters  " — '*  how  to  express  any  sense  either  by  lines^  points  or  Jignret.** 
The  last  was  by  arranging  the  points  or  dots  in  the  fonns  of  circles, 
squares,  triangles,  &c.  Wilkins  speaks  of  the  whole  as  an  old  device. 
Another  problem  in  the  Century  is  "  a  universal  character."  This  hiul 
been  often  attempted,  and  Wilkins  wrote  also  upon  it.  Another,  "a  water- 
ball,"  to  show  the  hour  of  the  day.  There  were  some  singular  specimens 
of  these  clocks  in  Serviere's  nmseum,  which  was  celebrated  for  its  col- 
lection of  mechanical  devices,  and  which  doubtless  Worcester  had  often 
visited.  (See  page  285,  and  note  foot  of  page  63.)  The  universal  lever. 
No.  26  of  the  Century,  he  admits  having  seen  at  Venice,  and  the  bucket 
engine  (No.  21)  at  Rome.  It  is  probable  he  derived  his  "  imprisoning 
chair"  from  the  same  place ;  for  there  was  in  his  lime,  as  well  as  since,  u 

*  There  is  a  sinffular  one  in  book  ziv  of  Portals  Magic,  "  Of  a  bird  which  roasts  it- 
self;" which,  had  Worcester  mentioned,  few  would  have  credited  without  the  explana- 
tion. "  Take  a  wren  and  spit  it  on  a  hazel  stick,  and  lay  it  down  before  the  fire,  the  two 
ends  of  the  hnzel  spit  being  supported  by  something  that  is  firm ;  and  youll  see  with 
admiration  the  spit  and  the  bird  turn  by  little  and  little,  without  discontinuing,  till  'tis 
quite  roiisted."  This,  says  Ozanum,  was  first  found  out  by  Cardinal  Paloti,  at  Rome. 
The  motion  may  be  accounted  for  on  a  similar  principle  as  the  rotation  of  gl  i<is  tubes 
when  supported  at  each  end  before  a  fire,  and  even  when  inclined  against  the  fire-place 
with  one  end  on  the  hearth,  viz. :  the  heat,  being  applied  to  one  side  only,  causes  the 
tubes  to  bend,  and  consequently  to  preponderate  and  thus  turn  round  Sou  Phil.  Trans 
vol  XXX — ^.\bridg.  vol.  z  551. 
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famous  macliine  of  the  kind  exhibited  in  the  Borghese  villa,  which  could 
not  have  escaped  his  notice.  It  is  described  by  Blainville  as  "  very  art- 
fully contrived ;  and  strangers,  who  are  not  acquainted  with  the  trick,  are 
infallibly  caught  as  in  a  trap  when  they  are  prevailed  upon  to  sit  in  it." 
Travels,  vol.  li,  p.  35.  We  shall  notice  a  few  more:  "A  little  engine 
portable  in  one's  pocket,  which  placed  to  any  door,  without  any  noise  but 
one  crack,  openeth  any  door  or  gate."  A  similar  device  is  quoted  by 
Wilkins  from  Ramelli,  thus :  "A  little  pocket  engine  wherewith  a  man 
may  break  or  wrench  open  any  door."  (Math.  Magic,  book  i,  chap.  13, 
first  published  in  164S.)  Again — '*  An  instrument  whereby  an  ignorant 
person  may  take  any  thing  in  perspective  as  justly  and  more  than  the  skil- 
fullest  painter  can  do  by  the  eye."  Probably  the  camera  obscura,  which 
Baptist  Porta  had  described,  about  a  century  before,  in  his  Natural  Magic. 
See  page  364  of  the  English  translation  of  165S,  and  also  Fludd's  Natural 
Simi'a  seu  Technica,  1618,  page  308,  for  another  mode.  No.  29  of  the 
Century  relates  to  "A  moveable  fortification — as  complete  as  a  regular  one, 
with  half-moons  and  counterscarps."  Such  a  one  is  figured  in  Fludd's 
Simia.  It  is  of  a  triangular  form,  with  breast  works  and  cannon  ranged 
along  two  sides.  The  whole  is  made  of  thick  timber  clamped  together, 
and  moved  by  horses,  which  are  yoked  to  a  long  pole  or  mast,  also  sup- 
ported on  wheels  and  attached  to  the  rear  or  base  of  the  triangle,  so  as 
to  be  out  of  the  reach  of  shot  from  the  enemy.  The  horses  have  their 
faces  to  the  fortification,  just  as  if  yoked  to  the  pole  of  a  common  carriage 
and  fronting  it — or,  according  to  the  old  saying,  "  the  cart  is  put  before 
the  horse." 

His  modes  of  discoursing  by  knotted  strings,  gloves,  sieves,  lanterns, 
&^.  are  similar  to  others  mentioned  in  the  Natural  Magic  of  Porta,  and  in 
other  works.  Wilkins's  Secret  and  Swift  Messenger  also  contains  much 
t^urious  information  on  such  subjects.  Several  numbers  of  the  Century 
relate  to  repeating  guns.  These,  as  is  well  known,  exercised  the  wits  of 
inventors  long  before  his  time.  Porta,  in  his  Magic,  book  xii,  speaks  of 
"  great  and  hand  guns,  discharged  ten  times"  although  loaded  but  once. 
They  are  even  of  much  older  date.  Sometimes  several  barrels  were  joined 
together.  The  "  arithmetical  instrument,  whereby  persons  ignorant  of 
arithmetic  may  perfectly  observe  numerations  and  subtractions  of  all  sums 
and  fractions,"  was  in  all  probability  the  abacus,  or  Chinese  ncan-pan,  now 
used  in  schools. 

Flying  and  diving,  also  mentioned  by  him,  have  occupied  the  ingenuity 
of  inventors  in  every  age.  Cornelius  Drebble  constructed  a  diviug-vessel 
which  was  propelled  by  oars  worked  through  openings  in  the  sides.  Short 
conical  tubes  of  leather,  through  which  the  oars  were  passed,  were  con- 
nected to  the  openings  so  as  to  exclude  the  water ;  hence  the  joints  some- 
what ijesembled  those  of  the  feet  of  a  tortoise  when  protruded  from  the 
shell.  The  vessel  was  lowered  by  admitting  water,  and  raised  by  pump- 
ing it  out.  (The  distance  of  diving-vessels  below  the  surface  is  easily  and 
accurately  ascertained  by  a  curvea  tube  containing  a  little  mercury,  one 
end  being  within  the  vessel  and  the  other  without.)  Charles,  Landgrave 
of  Hesse  Cassel,  hearing  of  Drebble's  diving-ship,  requested  Papin  to 
contrive  one.  Papin's  machine  is  figured  and  described  in  the  Gentleman*s 
Magazine  for  1747,  page  581.  Drebble's  vessel  did  not  require  a  constant 
supply  of  fresh  air,  for  he  had,  or  pretended  to  have,  an  elixir  in  a  snTiall 
viat,  a  few  drops  of  which  restoied  the  vitiated  air  so  as  to  make  it  again 
fit  r)r  respiration.  Something  of  this  kind  was  known  even  before  Dreb- 
ble's time,  if  we  may  judge  from  one  of  several  illustrations  of  diving  in 
the  old  German  translation  of  Vegetius,  A.  D  1511.     A  man  clothed  in 
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a  drc8s  of  thin  skin  or  oiled  silk  fitted  close  to  his  body,  and  covering  ever^ 
part  except  his  head  and  hands,  is  represented  walking  on  tlie  bottom  of 
a  river.  Jn  his  left  hand  he  holds  ti  leathern  flask,  through  the  contracted 
neck  of  which  he  is  drawing  a  portion  of  the  contents  wkh  his  mouth. 
Wilkins  devoted  a  chapter  of  his  Math.  Magic  to  diving.  He  notices 
Drebble's  machine,  and  many  other  curious  devices ;  so  that  on  this  sub 
ject  Worcester  had  an  abundance  of  materials  and  hints  to  work  upon. 

No.  50  of  the  Century  relates  to  portable  ladders.  A  variety  of  these 
are  figured  in  the  old  translation  of  Vegetius  just  referred  to.  There  are 
several  other  things  named  in  the  Century  which  might  ^e  traced  to  older 
sources,  but  it  is  not  necessary ;  for  Worcester  has  not,'that  we  are  aware 
of,  ever  claimed  all  the  devices  he  has  named.  He  mentions  two  whose 
authors  he  recollected,  but  as  the  account  was  drawn  up  from  memory,  he 
could  hardly  recall  to  mind  the  sources  whence  all  were  derived.  He 
says  they  were  such  as  he  could  call  to  mind  to  have  tried  and  perfected  ; 
he  does  not  say  invented.  While  many  originated  with  himself,  others 
were  such  as  ne  improved  only.  That  he  had  sources  of  information 
which  have  not  been  discovered,  there  can  be  little  doubt.  Of  the  thou* 
sands  of  old  treatises  on  the  *'  Mysteries  of  Nature  and  Art/'  a  staple  sub- 
ject, and  title  too,  from  Roger  Bacon  to  Moxon,  how  few  are  extant  I 
But  some  will  perhaps  yet  be  met  with  on  the  shelves  of  anti(]uaries  and 
the  lovers  of  old  books  in  Europe. 

Those  numbers  of  the  Century  which  relate  to  steam  are  68,  98,  99  and 
100 ;  but  it  is  in  68  only  that  steam  is  clearly  indicated.  The  device  is 
named  "  a  fire  water  work,"  and  is  described  in  the  following  manner  : 
*  An  admirable  and  most  forcible  way  to  drive  up  water  by  fire,  not  by 
drawing  or  sucking  it  upwards,  for  that  must  be,  as  the  philosopher  calleth 
it,  Injra  spharam  activita^^,  which  is  but  at  such  a  distance.  But  this 
way  hath  no  bounder,  if  the  vessels  be  strong  enough ;  for  I  "have  taken  a 
piece  of  a  whole  cannon,  whereof  the  end  was  burst,  and  filled  it  three 
quarters  full  of  water,  stopping  and  screwing  up  the  broken  end,  as  also 
the  touch- hole;  and  making  a  constant  fire  under  it,  within  twenty-four 
hours  it  burst,  and  made  a  great  crack  : — So  that  having  a  w^ay  to  make 
my  vessels,  so  that  they  are  strengthened  by  the  force  within  taem,  and 
the  one  to  fill  after  the  other,  I  have  seen  the  water  run  like  a  constant 
fountain  stream  forty  feet  high.  One  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water ;  and  a  man  that  tends  the  work  is  but  to 
turn  two  cocks,  that,  one  vessel  of  water  being  consumed,  another  begins 
to  fierce  and  refill  with  cold  water,  and  so  successively,  the  fire  being 
teiid(*d  and  kept  constant,  which  the  seJf  same  person  may  likewise  abun- 
dantly perform  in  the  interim,  between  the  necessity  of  turning  the  said 
cocks." 

We  here  see  clearly  what  was  meant  by  Ramseye  and  others  when 
they  spoke  of  raising  water  hyfire^  viz.  t^at  it  was  by  steam,  which  the 
fire  was  employed  to  produce.  It  will  be  perceived  that  Worcest^^r  does 
not  here  claim  to  be  the  first  to  raise  water  in  large  quantities  in  this  man- 
ner, thus  tacitly  admitting  that  he  was  aware  of  previous  applications  of 
steam  for  the  purpose.  Had  he  indeed  made  such  a  claim,  little  reliance 
could  have  been  placed  on  his  statements ;  but,  notwithstanding  all  that 
has  been  said  to  the  contrary,  we  have  seen  nothing  in  the  whole  ter.orof 
liis  conduct  with  regard  to  his  inventions  to  shake  our  confidence  in  his 
sincerity.  In  one  respect  No.  68  differs  from  the  rest,  viz.  in  the  detail 
with  which  the  device  is  described  ;  but  this  was  most  likely  designedlv 
done,  in  order  to  show  its  superiority  over  other  **  fire  water- works,"  and 
to  po'Dt  out  where  it  differed  from  them.     Had   it  1>een  an  original  idta, 
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there  could  have  been  no  more  inducement  to  be  thus  explicit  than  with 
the  rest ;  but  bein^  of  the  same  nature  as  others,  he  would  naturally  be 
led  to  notice  the  difference.  Some  writers  are  incredulous  of  his  having 
ever  put  it  in  practice,  notwithstanding  his  assertions,  and  the  particulars 
he  has  specified ;  and  they  further  contend  that  his  description  was  not 
sufficiently  perspicuous  to  enable  a  person  to  make  such  a  machine  in  his 
own  time,  and  is  not  now.  To  neither  of  these  positions  can  we  assent ; 
and  the  latter,  if  true,  does  not  affect  the  character  of  Worcester,  either 
for  veracity  or  ingenuity,  since  the  avowed  design  of  the  Century  was 
rather  to  enable  himsek'  than  others  to  realize  the  inventions  named. 

The  description  appears  not  only  that  of  a  machine  in  actual  use,  and 
from  which  a  similar  one  might  have  been  made,  but,  as  just  intimated, 
some  particulars  are  mentioned  apparently  with  the  sole  view  of  distin- 
guishing it  from  other  devices  of  the  same  kind.     Had  he  given  a  figure 
we  should  have  learnt  more  of  the  details,  but  not  of  the   general   plan. 
The  nature  of  the  force  employed  (the  expansive  power  of  steam)  he 
shows  in  the  clearest  light ;  and  its  irresistible  energy  is  admirably  illus- 
trated by  bursting  the  cannon :  indeed,  he  could  not  possibly  have  se- 
lected any  thing  better  adapted  for  the  purpose.     Few  writers  however 
believe  the  experiment  was  ever  made,  from  the  seeming  difficulty  of 
closing  the  broken  end — a  circui* stance  which,  perhaps  more  than  any 
other,  has  led  people  to  doubt  the  accuracy  of  other  of  his  statements :  and 
it  must  be  admitted  that  if  he  is  not  to  be  believed  in  this,  his  assertions  in 
general  must  be  received  with  great  caution.     But  what  great  difficulty 
after  all  was  there  in  driving  a  plug  tight  into  the  smoothly  bored  although 
broken  end  of  a  cannon,  and  securing  the  plug  effectually  in  its  place,  by 
iron  straps  and  screws  round  the  trunnions  ]     Lest  the  idea  of  danger 
should  be  connected  with  his  apparatus  in  the  public  mind,  he  remarks 
that  he  had  a  way  of  preventing  his  vessels  from  being  eX){)loded.     He 
mentions  at  least  three  vessels ;  one,  a  boiler  in  which  to  generate  steam, 
the  others,  to  receive  the  water  previously  to  its  being  raised.   A  separate 
boiler  shows  that  the  apparatus  was  a  modification  of  Porta's  and  Kircher's, 
(Nos.  1S7,  190) — and  lest  any  one  should  suppose  that  the  water  was  re- 
quired to  be  heated  before  it  was  elevated,  he  states  distinctly  that  it  was 
not :  hence  his  device  bore  no  resemblance  to  that  of  Decaus,  (No-  18S) — 
so  far  from  it  that  the  boiler,  or  "  one  vessel  rarefied   by  fire,"  forced  up 
fort.ij  times  its  contents  **o£rold  water."     It  appears  that  the  water  was 
raised  forty  feet  only ;   perhaps  being  limited  to  that  height  by  local  cir- 
cumstances, or  by  the  building  in  which  the  apparatus  was  erected.    The 
pressure  of  steam  in  his  boiler  did  not  therefore  much  exceed  30ibs.  on 
the  inch.     As  the  elevation  exceeded  that  to  which  the  liquid  could  be 
raised  by  atmospheric  pressure,  he  also  takes  occasion  to  notice  distinctly 
that  it  was  not  done  by  sucking ;  and  in  this  he  possibly  may  allude  to 
.some  su';h  modes  of  raising  water,  viz.  by  using  the  steam  only  to  produce 
a  vacuum,  and  to  show  the  difference  ;  for,  by  employing  its  elastic  force, 
he  could  raise  water  at  one  lift  to  any  height,  and  his  apparatus,  instead 
of  a  limited  application,  was  adapted  to  mines  and  pits  of  every  depth, 
and  hence  he  appropriately  names  it  "  a  most  forcible  way."   The  receiving 
vessels  were  charged  or  filled  **  one  after  another,"  and  thd  stream  dis- 
charged from  them  was  uninterrupted.     One  person  only  was  required  to 
attend  to  the  fire  under  the  boiler  and  **  to  turn  two  cocks,"  i.  e.  to  admit 
steam  alternately  into  each  receiver,  so  that  when  one  was  "  consumed  " 
or  emptied,  the  contents  of  the  other  began  to  *'  force  "  or  be  forced  up, 
and  the  empty  one  to  "  fill "  or  be  refilled  with  cold  water,  "  and  so  suc- 
AOMively."     The  vessels  were  large,  or  it  took  a  long  time  to  fill  thein. 
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Bitice  the  man  had  abundant  time  to  attend  the  Bre  in  the  intervals  4 if  rim- 
ing the  cocks. 

Notwithstanding  the  comprehensive  sketch  that  Worcester  has  given 
of  this  machine,  a  variety  of  opinions  prevails  respecting  son. e  of  its  parts, 
and  tlie  arrangement  of  the  whole.  In  these  respects  scarcely  two  writers 
agree,  while  some  diflfer  widely.  Some  have  supposed  it  to  have  consisted 
of  two  eolipiles,  like  those  of  Heron  or  Decaus,  (Nos.  179  and  188)  con- 
nected to  one  ascending  pipe,  (see  Galloway  on  the  Steam-Engine) — an 
idea,  we  think,  entirely  out  of  the  way,  since  such  a  plan  would  possess 
neither  **  merit "  nor  "  originality,"  which  the  writer  just  named  accords 
to  Worcester's  device.  It  is  moreover  opposed  to  the  description  given, 
which  expressly  states  that  the  contents  of  one  vessel  rarefied  by  fire, 
driveth  up  forty  of  cold  water ;  whereas,  by  the  supposed  construction, 
4iU  the  water  must  have  been  heated  to  the  boiling  point  before  it  could 
have  beei  elevated  at  all,  and  to  a  temperature  still  higher  before  it  was 
raised  forty  feet. 

The  principal  })oint  undetermined  is  the  mode  by  which  the  receivers 
were  charged.  Were  they  so  placed  that  the  water  flowed  into  them 
through  a  pipe  and  cock  1  Or,  were  they  wholly  immersed  in  the  tank, 
well  or  pond,  and  furnished  with  valves  opening  inwards  for  the  admis- 
sion of  the  liquid,  and  to  prevent  its  return  when  the  steam  was  turned 
on  1  Or,  were  they  placed  above  the  water,  and  charged  by  atmospheric 
pressure  1  The  first  and  second  modes  have  been  suggested,  because 
Worcester  says  he  did  not  raise  the  liquid  by  **  sucking ;"  but  it  does  not 
appear  that  he  meant  any  thing  more  than  that  the  contents  of  the  receivers 
were  not  expelled  from  them  in  this  way.  As  the  elevation  to  which 
water  could  be  raised  at  one  lift  by  his  machine  was  only  limited  by  the 
strength  of  the  vessels,  he  very  naturally  observed,  to  remove  an  objection 
which  he  foresaw  might  be  made  to  his  assertion,  that  this  was  not  effected 
by  sucking,  but  by  forcing  the  liquid  up.  His  plan  bears  the  same  relation 
to  a  forcing  pump,  as  using  steam  to  produce  a. vacuum  in  a  receiver  does 
to  a  sucking  one ;  and  in  distinguishing  between  the  two  applications  of 
the  vapor  to  raise  water,  viz.  by  its  condensation  and  its  expansion,  he 
uses  the  same  terms  that  we  do  to  show  the  difference  between  the  two 
instruments  just  named.  Of  a  forcing  pump  we  say,  it  does  not  raise 
water  by  atmospheric  pressure,  but  in  opposition  to  it ;  and  that  the  ele- 
vation is  only  limited  by  the  strength  of  the  materials  and  the  power  em- 
ployed :  now  every  person  acquainted  with  the  subject  knows,  that  it  is 
the  expulsion  of  the  water  from  the  cylinder  that  is  referred  to,  not  the 
mode  of  filling  it ;  for  almost  invariably  are  the  vessels  or  cylinders  of 
ff;rcins^  pumps  charged  by  sucking,  and  so  they  were  in  Worcester's  time. 

If  the  receivers  were  placed  below  the  reservoir  that  supplied  them, 
and  wore  fed  from  it  by  a  pipe,  then  as  there  were  but  two  cocks  used, 
they  must  have  been  such  as  are  known  by  the  term  "  three-way,**— one 
passage  to  supply  steam  to  each  of  the  receivers,  and  the  other  water. 
There  is  no  difficulty  in  admitting  this,  for  both  three  and  four  way  cocks 
were  in  u.*e  ages  before  Worcester's  days.  They  are  described  in  the 
Spiritalia,  (problem  31)  in  Besson's  Theatre,  Fludd's  Simia,  (see  our  160th 
illustration,  page  354)  Ozanam*s  Recreations,  and  in  several  other  old  au- 
thors. One  form  of  them  is  seen  at  page  421.  Tavernier  found,  in  baths 
of  the  east,  cocks  which  at  the  same  mouth  supplied  "  either  hot  water  or 
cold,"  (Relation  of  the  Seraglio)  and  they  are  described  and  figured  in  the 
Forcible  Movements  of  Decaus  :  thus  prop,  xix  of  Leak's  translation  is 
**  Of  the  cock  with  four  vents."  and  its  application  is  shown  in  a  self-acting 
**  Phn€fumatique  Engine."     M.  Arago  is  therefore  greatly  mistaker   in  hif> 
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History  of  the  Steam-Engine,  in  attributing  the  invention  of  the  four-way 
cock  to  Paoin  In  his  zeal  to  confer  honor  on  the  philosopher  of  Blcis 
he  inadvertently  overlooked  the  old  engineer  of  Normandy. 

This  plan  of  supplying  Worcester's  receivers  is  certainly  far  more 
probable  than  that  of  burying  them  in  the  water  they  were  to  raise.  In- 
deed, we  cannot  perceive  how  t;he  latter  could  answer  at  all,  as  the  steam 
would  be  condensed  by  the  surrounding  medium  almost  as  fast  as  it  en- 
tered the  receivers;  so  that  instead  of  "one  vessel  of  water  rarefied  by 
fire  "  driving  up  forty  of  cold  water,  it  would  hardly  be  able  to  drive  up 
any.  It  appears  to  us  impossible  for  ingenuity  to  suggest  a  worse  plan, 
ttud  yet  several  writers  have  adopted  it*  As  a  proof  that  Worcester  had 
an  engine  at  work  somewhat  similar  to  the  one  referred  to  in  his  68tb 
proposition,  the  following  extract  from  the  Journal  of  Cosmo  de  Medicis, 
who  visited  England  in  the  17th  century,  has  been  adduced :  **  His  high- 
ness, that  he  mi^ht  not  lose  the  day  uselessly,  went  again,  after  dinner,  to 
the  other  side  of  the  city,  extending  his  excursion  as  far  as  Vauxhall,  be- 
yond the  palace  of  the  Archbishop  of  Canterbury,  to  see  an  hydraulic 
machine  invented  by  my  Lord  Somerset,  Marquis  of  Worcester.  It  raises 
water  more  than  forty  geometrical  feet,  by  the  power  of  one  man  only ; 
and  in  a  very  short  space  of  time  will  draw  up  four  vessels  of  water 
through  a  tube  or  channel  not  more  than  a  span  in  width ;  on  which  ac- 
caunt  it  is  considered  to  be  of  greater  service  to  the  public  than  the  other 
machine  near  Somerset-House.'*  Now  if  this  engine  for  raising  water 
from  the  Thames,  and  which  was  managed  by  one  man,  was  moved  by 
steam^-and  it  probably  was— we  may  rest  assured  that  Worcester  knew 
better  how  to  charge  his  receivers  than  by  immersing  them  in  the  river, 
or  in  any  tank  supplied  from  it.  Had  he  done  so,  the  machine  would 
never  have  been  •*  considered  of  greater  service  to  the  public  "  than  the 
engine  at  Somerset-House,  which  was  worked  by  horses,  and  distributed 
water  over  "  a  great  part  of  the  city."  (This  last  engine  most  likely  con- 
sisted of  pumps,  such  as  were  erected  by  Bulmer  in  1594.  See  page  296.) 
Asjbur  vessels  are  here  mentioned,  there  were  probably  that  number  of 
receivers  employed. 

It  would  be  strange  if  Worcester's  receiving  vessels  were  not  charged 
by  atmospheric  pressure,  considering  the  examples  he  had  before  him 
To  say  nothing  of  this  well  known  mode  of  charging  eolipiles,  and  othe 
vessels  represented  in  the  Spiritaliii,  (see  173  and  177  of  our  illustratit>nsi 
both  Porta  and  Fludd  exhibited  experiments  expressly  to  show  how  water 
is  raised  into  a  vacuum  formed  by  the  condensation  of  vapor,  (page  407) 
and  Decaus  gives  such  striking  applications  of  it  (page  380)  that  Worcester  • 
never  could,  with  a  knowledge  of  these,  have  plunged  his  receivers  under 
water.  But  was  he  acquainted  with  the  writings  of  these  men  1  Unque» 
tlonably  he  was.  There  is  evidence  in  the  Century  that  he  examined 
every  source  of  information,  both  at  home  and  abroad,  and  with  an  eager- 
ness that  has  perhaps  seldom  been  equalled ;  and  then  no  person  had  greater 
facilities  for  ascertaining  what  had  been  accomplished.  He  was  not  a  man 
to  set  al)out  devising  new  modes  of  raising  water  while  ignorant  of  old 
ones,  or  without  perusing  those  writings  which  treated  directly  or  indi- 
rectly upon  the  subject.     Of  all  his  researches,  this  of  raising  water  was 

*  See  MilUngton'fl  Epitome  of  Philosophy,  and  Stuart's  Descriptive  Histtiry  of  th« 
Steam-Engine.  The  la.<t  nniiied  writer  speaks  however  very  ditferently  in  hia  valii'ihle 
"  Anecdotes  of  the  Steain-Riixine.*'  Further  reflection  convinced  him  that  Worceiiter 
was  something  more  tlian  a  charlatan,  and  the  machine  in  quextion  very  nclike  the  one 
repreaeoted  in  his  previoua  work. 
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among  the  earliest  and  most  favorite,  as  it  was  the  last  and  most  important ; 
and  it  was  impossible  for  him  and  Kaltoff  to  have  spent  so  many  years  as 
they  did  on  this  and  other  subjects,  without  improving  old  devices  and 
introducing  new  ones.  Then  he  was  most  likely  acquainted  with  the  ma- 
chines of  Bacon,  and  with  those  of  Ramseye,  and  with  Ramseye  himself, 
and  Bushell  too ;  and  also  with  the  engine  of  motion  noticed  in  the  last 
chapter,  of  which  he  was  possibly  both  the  inventor  and  describer.  So 
far  therefore  from  Worcester's  machine  being  imperfect,  as  some  writers 
have  supposed,  we  are  justified  in  believing  it  was  8Uj)€rior  in  its  general 
plan,  and  in  the  arrangement  and  execution  of  its  several  parts,  to  any 
thing  Uien  extant^  or  previously  proposed. 

It  would  be  easy  to  devise  a  machine  corresponding  with  these  remarks 
and  coinciding  with  the  Marquis's  account;  but  the  intelligent  reader  is 
aware  that  it  would  be  substantially  the  same  as  Savery's.  Jt  is  surprising 
that  some  authors  have  supposed  Worcester  could  not  have  filled  his  ves 
sels  by  atmospheric  pressure,  because,  say  they,  the  production  of  a  vacuum 
by  the  condensation  of  steam  was  not  then  known,  "  nor  even  thought 
of."  But  such  writers  were  not  aware  of  the  experiments  of  Porta,  and 
they  forgot  the  employment  of  eolipiles.  It  has  also  been  said  that  a  ma- 
chine as  perfect  as  Savery's,  and  one  in  which  steam  acted  on  a  piston, 
was  beyond  the  stale  of  the  arts  in  Worcester's  days.  The  Century  of 
Inventions  is  a  proof  to  the  contrary,  and  so  is  the  Collection  of  Serviere. 
Every  problem  m  the  one,  and  every  device  in  the  other,  indicates  great 
excellence  of  design  and  ability  of  execution ;  and  both  are  replete  with 
proofs  of  mechanical  skill  as  well  as  fertility  of  invention. 

To  realize  Worcester's  machine,  it  is  contended  that  we  must  depend 
upon  what  he  has  said,  and  on  nothing  more.  But  those  who  prescribe 
this  rule  do  not  themselves  adhere  to  it ;  and  by  following  it,  posterity 
could  hardly  comprehend  a  modern  device  from  its  modern  description. 
As  Worcester  has  not  mentioned  pipes  or  valves,  neither  of  these  essential 
elements  of  his  apparatus  could,  by  such  a  rule,  be  admitted :  and  if  his 
words  are  to  be  construed  literally,  he  employed  two  score  of  receivers ; 
and  these  were  also  elevated  as  well  as  the  water  within  them  :  *'  on^B 
vessel  of  water  rarefied  by  fire  driveth  up  forty  [vessels]  of  cold  water." 
By  the  same  rule  it  was  the  boiler,  not  the  steam  within  it,  (he  never  men- 
tions steam)  that  drove  them  up.  Then  there  is  the  condensation  of  the 
steam  in  a  receiver,  after  expelling  the  liquid,  which  is  also  not  mentioned; 
and  of  course  the  vessel  could  not  again  be  filled  until  this  had  taken  place. 
On  the  same  ground,  a  cock,  tunnel  and  pipe  or  pump  to  feed  the  boiler, 
and  a  furnace  door  and  grate  bars,  might  be  considered  gratuitous  addi- 
tions, since  none  of  them  are  mentioned. 

Perhaps  the  most  obscure  part  of  the  6Sth  problem,  is  that  which  relates 
to  strengthening  the  vessels  "  by  the  force  within  them."  Some  persons 
suppose  this  refers  to  the  figure  of  the  vessels— others,  to  interior  braces. 
The  latter  is  the  most  reasonable,  but  seems  hardly  reconcilable  with  the 
the  text,  since  the  same  term  [Jrirce)  is  used  as  that  by  which  the  active 
power  which  rent  the  gun  is  designated. 

Notwithstanding  the  ambiguous  manner  in  which  Worcester  drew  up 
his  Century  of  Inventions,  there  are  strong  indications  of  his  having  im- 

Carted  motion  to  a  piston  by  steam,  and  that  upon  this  he  depended  for 
eing  known  to  posterity.  This  was  the  crown  of  his  glory  as  an  inventor 
— the  primary  element  in  the  "  semi-omnipotent  engine,"  which  supported 
him  under  the  contumely  and  neglect  that  he  met  with.  Unfortunately 
for  his  fame,  the  state  of  the  arts  was  not  sufficiently  advanced  to  convince 
his  contemporaries  of  the  importance  of  **  the  great  machine  "  and  it  wai 
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left  for  a  future  age  to  adopt.  It  does  not  appear  equally  clear  that  ha 
pras  the  first  thus  to  use  steam.  From  the  description  of  the  engine  of 
motion  mentioned  at  page  423,  and  the  third  and  filth  devices  in  Ramseye'a 
patent,  it  would  seem  that  a  working  cylinder  had  been  in  previous  use  ; 
nor  do  we  see  how  the  experimenters  of  the  I7th  and  previous  centuries, 
when  seeking  for  modes  of  employing  steam  as  a  motive  agent,  could  miss  it 
any  more  than  their  successors.  It  is  one  of  those  devices  that  would  be 
detected  by  such  men  in  every  age,  just  as  it  has  been  by  the  makers  of 
pumps  and  piston  bellows.  Fludd,  Hoell,  Belidor  and  Westgarth,  all 
tuuployed  a  piston  and  cylinder  in  pressure  eng^ines ;  and  some  of  them 
were  not  aware  of  their  having  been  employed  before  in  such  machines, 
G^uerricke,  Papin  and  Newcomen  at  once  adopted  them  in  atmospheri«.  en- 
gines, Hautefeuilie  in  explosive  engines,  and  Watt  and  others  in  those  moved 
by  steam ;  and  why  not  Garay,  Ramsey e  and  Worcester  ?  And  even  the 
roublesome  neighbor  of  Zeno  also  ]  it  required  no  great  sagacity  in 
Worcester  to  apply  steam  to  move  the  loaded  piston  in  Fiudd's  pressure 
engine,  (page  354)  and  so  simple  an  idea  could  hardly  escape  him  after 
he  had  turned  his  attention  to  impart  motion  by  steam.  Indeed,  he  uses 
an  expression  which  implies  that  it  was  a  loaded  piston  to  which  he  gave 
motion.  But  even  if  this  idea  escaped  both  Ramseye  and  Worcester,  the 
tipparatus  of  Guerricke  so  clearly  exhibited  the  mode  of  applying  steam 
to  move  a  piston,  that  the  latter  could  not  possibly  have  remained  any 
longer  ignorant  of  it. 

When  the  three  following  propositions  in  the  Century  are  duly  consider 
ed,  every  candid  mind  will,  we  think,  admit  that  he  was  really  in  possession 
of  an  engine  similar  to  Leopold's,  or  to  Newcomcn's,  or  to  the  single 
acting  one  of  Watt : — 

'*  93.  An  engine,  so  contrived,  that  working  the  jfrimum  mobile  forward 
or  backward,  upward  or  downward,  circularly  or  cornerwise,  to  and  fro, 
streight,  upright,  or  downright,  yet  the  pretended  opeio.tion  continueth, 
and  advanceth,  none  of  the  motions  above-mentioned  hindering,  much  less 
stopping,  the  other ;  but  unanimously  and  with  harmony  agreeing,  they 
all  augment  and  contribute  strength  unto  the  intended  work  and  opera- 
tion ;  and,  therefore,  I  call  this  a  semi-omnipotenl  engine^  and  do  intend 
that  a  model  thereof  be  buried  with  me. 

"  99.  How  to  make  one  pound  weight  to  raise  an  hundred  as  high  as 
one  pound  falleth,  and  yet  the  hundred  pound  descending  doth  what  no- 
thing less  than  one  hundred  pound  can  efiecL 

"  100.  Upon  so  potent  a  help  as  these  two  last-mentioned  inventions*  a 
water- work  is,  by  many  years  experience  and  labor,  so  advantageously 
by  me  contrived,  that  a  child's  force  bringeth  up,  an  hundred  foot  high, 
an  incredible  quantity  of  water,  even  two  foot  diameter,  so  naturally,  that 
the  work  will  not  be  heard,  even  into  the  next  room ;  and  with  so  great 
ease  and  geometrical  symmetry,  that  though  it  work  day  and  night,  from 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings  repara- 
tion to  the  whole  engine,  nor  hinder  one  day's  work ;  and  I  may  boldly 
call  it  the  most  stupendous  w<  rk  in  the  whole  world  :  not  only,  with  little 
charge,  to  drain  all  sorts  of  mines,  and  furnish  cities  with  water,  though 
never  so  high  seated,  as  well  as  to  keep  them  sweet,  running  through 
several  streets,  and  so  performing  the  work  of  scavengers,  as  well  as  fur- 
nisiiing  the  inhabitants  with  sufficient  water  for  their  private  occasions ; 
but  likewise  supplying  rivers  with  sufficient  to  maintain  and  make  them 
portable  from  town  to  town,  and  for  the  bettering  of  lands  all  the  way  it 
runs ;  with  many  more  advantageous  and  yet  greater  effects  of  profit  arl- 
mirable  and  consequence.     So  that  deservedly  I  deem  this  invention  to 
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crown  ray  labours,  to  reward  my  expences,  and  make  my  thoughts  acquv 
esce  in  way  of  fu/ther  inventions ;  this  making  up  the  whole  century,  and 
preventing  any  further  trouble  to  the  reader  for  the  present,  meaning  t^ 
leave  to  posterity  a  book,  wherein,  under  each  of  these  heads,  the  means  to 
put  in  execution,  and  visible  trial,  all  and  every  of  these  inventions,  with 
the  shape  and  form  of  all  things  belonging  to  them,  shall  be  printed  by 
brass  plates." 

To  an  ordinary  reader  all  this  appears  preposterous,  nar  without  the 
key  can  any  satisfactory  interpretation  be  given.  The  first  seems  incre- 
dible, the  second  impossible,  and  the  third  a  proof  of  mental  alienation. 
But  in  considering  tnem  it  should  be  kept  in  mmd,  that  Worcester's  design 
was  to  explain  the  effects  and  uses  of  the  mechanism  he  here  refers  to» 
«nd  at  the  same  time  to  conceal  the  moving;  principle.  This  he  has  accom^ 
plished  in  the  happiest  manner ;  and  in  domg  it,  has  furnished  a  specimen 
of  ingenuity,  and  of  the  fertility  of  his  genius,  almost  equal  to  the  inven- 
itfons  themselves.  The  three  problems  certainly  refer  to  a  cylindricoi 
steam-engine  raising  water  by  means  of  a  pump.  In  No.  98  he  speaks 
J f  steam  only  :  this  was  the  j/rimum  mobile  whose  effect  was  the  same  in 
whatever  direction  it  was  conveyed  to  the  piston  ;  i.  e.  whether  through 
ascending,  descending,  curved,  angular  or  straight  tubes,  or  through  a 
number  of  them  meeting  in  the  cylinder  from  every  imaginable  direction ; 
the  steam  from  one  not  interfering  with,  or  being  counteracted  by,  that 
from  others,  but  the  whole  "  unanimously  and  with  harmony  agreeing, 
iioy  all  augment  and  contribute  strength  unto  the  intended  work  and 
riperation,"  viz.  in  pushing  the  piston  along.  It  seems  impossible  for 
Worcester  to  have  selected  a  feature  of  aeriform  fluids  better  adapted 
for  his  purpose,  or  to  have  made  use  of  it  more  skillfully.  In  concealing 
his  meaning  by  riddles,  he  seems  to  have  equalled  the  most  expert  among 
the  ancients.*  In  No.  99  he  plays  in  a  similar  style  upon  the  piston,  and 
^as  contrived  with  admirable  tact  to  contradict  (apparently)  one  of  the 
most  palpable  maxims  in  mechanics,  and  thus  to  divert  prying  curiosity 
into  a  wrong  track.  The  piston  was  attached  by  its  rod  to  one  end  of  a 
working-beam,  and  a  loaded  pump-rod  to  the  other,  so  that  when  the 
steam  was  turned  on,  the  small  piston  (which  he  compares  to  one  pound) 
was  pushed  down,  and  consequently  the  heavy  pump-rod,  or  the  water 
raised  by  it,  (compared  to  a  hundred  pounds)  elevated  "  as  high  as  the 
one  pound  falleth."  In  No.  100  he  opens  his  views  still  further  by  stating 
it  to  be  a  toater-toork,  for  draining  "  all  sorts  of  mines,  and  furnishing  cities 
with  abundance  of  water,  though  never  so  high  seated,"  and  that  its  action 
depended  upon  the  two  last  mentioned  inventions  (Nos.  98  and  99.)  In 
other  words,  he  here  contemplates  the  pump  and  steam-engine  as  a  whole ; 
t>ut  lest  the  device  should  be  too  easily  apprehended,  he  throws  in  a  dash 
of  the  enigmatical,  declaring  it  was  so  contrived  *'  that  a  child*s  force 
bringeth  up,  an  hundred  foot  high,  an  incredible  quantity  of  water,  even 
[a  ciilumnj  two  foot  diameter  ;*'  that  is,  a  child  could  by  a  lever  open  and 
clobo  the  cocks,  or  valves,  by  which  steam  was  admitted  into  the  cylinder. 
The  uniformity  of  the  movements  of  a  steam-engine,  and  the  little  noise 
attending  them,-— its  working  incessantly  night  and  day,  and  the  trifling 
expense  required  to  keep  it  m  repair,  are  now  well  understood. 


*  Ofancient  rid«iles.  that  of  the  Sphynx  it  one  of  the  neatest.  What  animal  w  it  that 
walks  on  four  leips  ic  the  nioruiiig.  on  I'wo  at  noon,  and  on  three  in  the  evening?  OBdip  js 
explained  it.  The  animal,  he  said,  wan  man,  who  in  the  morning  of  life  (in  infancy) 
crept  on  his  hands  and  feet,  at  the  noon  of  life  walked  erect,  and  in  the  eveoing  of  lua 
days  supported  himself  with  a  slick. 
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Nothing  more  is  necessary  to  convince  us  that  Worcester  here  speaks 
of  a  steam-engine  working  a  pump.  No  other  solution  can  be  given-— no 
other  conclusion  arrived  at.  No  one  could  have  written  End  spoken  as  he 
i^as  done  without  having  either  seen  or  possessed  a  steam  engme.  Of  its 
value  he  was  fully  aware ;  for  in  the  patent  granted  by  Parliament  in 
1663  to  himself  and  his  heirs  for  the  long  term  of  ninety  years,  those  who 
pirated  the  invention  were  to  forfeit  five  pounds  for  every  hour  they  used 
It.  He  tells  us  that  it  was  the  result  of  *'  many  years  experience  and 
labor,"  and  when  it  was  complete,  he  poured  out  his  feelings  in  an  ad- 
dress to  the  Deity,  a  copy  of  which  was  found  among  his  papers,  entitled 
"  The  Lord  Marquis  of  Worcester's  ejaculatory  and  extemporary  thanks- 
giving prayer,  when  first  with  his  corporeal  eyes  he  did  see  finished  a 
perfect  trial  of  his  water-commanding  engine,  delightful  and  useful  to 
whomsoever  hath  in  recommendation  either  knowledge,  profit  or  pleasure.*' 
Can  any  one  suppose  he  here  was  mocking  his  Creator,  when,  m  the  pri- 
vacy of  his  closet,  he  prayed  that  he  might  not  be  "  puffed  up  *'  with  the 
knowledge  of  this  great  machine,  aad  returned  thanks  next  to  his  creation 
and  redemption  '*  for  an  insight  into  so  great  a  secret  of  nature,*'  and  finally 
desired  no  greater  monument  than  to  have  one  buried  with  him  ]  Some 
men  have  lost  their  reason  by  tho  excitement  attending  their  discoveries. 
Pythagoras  offered  a  hecatomb  to  the  gods,  and  Archimedea^^'an  naked 
through  the  streets  of  the  city.  Worcester  acted  more  like  a  philosopher 
and  a  Christian.  Had  he  imitated  the  Syracusan,  he  had  probably  been 
more  successful  in  securing  attention  to  his  discoveries. 

From  the  latter  part  of  the  99th  proposition,  we  infer  that  Worcester 
used  ^forcing  pump,  as  he  intimates  that  the  effect  was  produced  by  the 
descent  of  a  weight  (on  the  pump-rod,)  not  by  its  ascent ;  and  this  agrees 
with  the  description  and  figures  of  old  water-engines.  In  '*  Art  and  Na- 
ture," published  as  before  observed  in  1633-4,  they  consist  of  forcing 
pumps  worked  by  large  tread  and  other  wheels — 1.  e.  the  pistons  are  raised 
by  these  hut  are  carried  down  by  their  own  weight,  or  that  of  weights 
with  which  they  are  loaded.  These  weights  were  sometimes  attached  to 
the  rod,  at  others  to  the  end  of  the  working-beams  to  which  the  rods  were 
connected ;  and  hence  they  were  named  "  beetle-beams,"  from  their  re- 
semblance to  a  large  hammer.  Loading  the  piston-rod  of  pumps  did  nor 
therefore  originate  with  Moreland  or  Newcomen,  since  the  practice 
was  older  evea  than  Worcester.  The  piston  in  Fiudd's  pressure 
engine  is  an  example.  Such  pistons  were  named  ''  heavie  forcers,"  (a 
solid  piston  being  named  "  a  forcer,"  and  the  upper  box  of  a  common 
pump  "  a  sucker.") 

As  Worcester  is  believed  to  have  applied  steam  to  work  a  pump,  it  will 
be  asked,  did  he  not  perceive  its  aj5plioation  as  a  mover  of  machinery  in 
^eneral^to  propel  boats,  &c.  ]  Yes ;  and  he  has  left  a  proof  of  this  also. 
In  a  manuscript  (see  Stuart's  Anecdotes,  vol.  i,  50)  he  observes,  speaking 
of  the  device  No.  99,  '*  I  can  make  a  vessel  of  as  great  a  burden  as  the 
river  can  bear,  to  go  against  the  stream,  which  the  more  rapid  it  is,  the 
faster  it  shall  advance,  and  the  moveable  part  that  works  it,  may  be  by 
one  man  still  guided  to  take  advantage  of  the  stream  and  yet  to  steer  the 
boat  to  any  point ;  and  this  engine  is  applicable  to  any  vessel  or  boat 
whatsoever,  without  being  therefore  made  on  purpose ;  and  it  worketh 
these  effects  :  it  roweth,  it  draweth,  it  driveth  (if  need  be)  to  pass  London 
Bridge  against  the  stream  at  low  water ;  and  a  boat  laying  at  anchor,  the 
engine  may  be  used  for  loading  and  unloading."  Besides  the  Century, 
Worcester  published  what  he  called  "An  exact  and  true  Definition  of  the 
most  stupendous  Water-commanding  Engine,  invented  by  the  Riglit  Ho- 
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nourable,  (and  deservedly  to  be  praised  and  acimireJ),  Edwa/d  Somerset, 
Lord  Marquis  of  Worcester,  and  by  his  lordship  himself  presented  to  his 
Host  excellent  Majesty  Charles  the  Second,  our  most  gracious  Sovereign.** 
This  was  a  tract  of  twenty-two  pages,  and  is  supposed  to  have  been  printed 
for  tlie  purpose  of  forming  a  company  to  introduce  the  device.  It  is  writ- 
ten in  the  same  style  as  the  CeMtury,  and  instead  of  describing  tlie  machine* 
is  conf^ed  to  an  enumeration  of  its  properties. 

In  Worcester's  day,  patents  for  useful  inventions  were  often  classed 
with  the  most  unrighteous  monopolies,  and  the  holders  of  them  held  in 
general  contempt.  This  may  serve  to  account  in  some  measure  for  the 
'leglect  that  Ramseye  and  A^  orcester's  projects  met  with.  The  abomina- 
ble abuse  which  Elizabeth,  James  and  Charles  made  of  the  power  to  grant 
patents,  excited  general  disgusL  Courtiers  and  others  obtained  monopo- 
lies for  nearly  all  the  chief  branches  of  trade,  and  sold  rights  in  them  to 
others,  so  that  prices  were  raised  to  an  exorbitant  height.  Had  patents 
been  confined  to  new  inventions,  the  result  would  have  been  beneficial ; 
but  exclusive  grants  were  obtained  to  work  and  sell  the  commonest  articles, 
as  salt,  iron,  lead,  coals,  and  even  bones  and  rags :  with  the  monopolists 
of  these,  {/larpies  and  horseleeclies  as  Elizabeth  once  called  them)  the  au- 
thors of  discoveries  and  improvements  in  the  useful  arts  were  confounded. 
In  a  masquerade  got  up  for  the  entertainment  of  Charles  I,  in  1633, 
(among  the  managers  of  which  were  Noy  the  Attorney  General,  Sir  John 
Finch  and  Mr.  Selden)  were  several  flings  at  monopolies,  as  hints  for  the 
king.  In  the  "  Antimasque  of  Projectors,"  says  Maitland,  "  rode  a  fellow 
upon  a  little  horse,  with  a  great  bit  in  his  mouth ;  and  upon  the  man's 
head  was  a  bit,  with  head-stall  and  reins  fasten*d,  and  signiBed  a  projector 
who  begged  a  patent,  that  none  in  the  kingdom  might  ride  thefr  horses,  but 
with  such  bits  as  they  should  buy  .of  him.  Then  came  another  fellow 
^ith  a  bunch  of  carrots  upon  his  head,  and  a  capon  upon  his  fist,  describ- 
ing [representing]  a  projector  who  begged  a  patent  of  monopoly,  as  the 
first  inventor  of  the  art  to  feed  capons  with  carrots ;  and  that  none  but 
himself  should  make  use  of  that  invention ;  and  have  the  privilege  for 
fourteen  years,  according  to  the  statute." 

Patting  out  of  view  his  political  conduct,  the  fate  of  Worcester  resem 
bled  that  of  great  inventors  in  almost  every  age.  In  some  respects  it  was 
peculiarly  severe.  The  heir  of  one  of  the  richest  and  most  powerful  fami- 
lies of  the  land,  he  devoted  his  wealth  and  his  energies,  for  more  than  one 
tiiird  of  a  century,  to  useful  discoveries ;  and  in  his  old  age  he  was  re 
duced  to  borrow  small  sums  to  meet  his  necessities ; — and  when  at  last 
the  profligate  Charles  was  restored,  although  Worcester  recovered  his 
demesne,  his  dwellings,  furniture,  papers,  models  and  machines  had  all 
leen  destroyed,  and  he  was  overwhelmed  with  debt.  Still  his  energies 
were  stimulated  by  a  consciousness  of  the  importance  of  his  inventions, 
but  which,  alas !  his  contemporaries  were  unable  to  appreciate,  except  by 
insinuations  that  they  were  the  fruits  of  a  partial  insanity^  Finally  death 
stept  in  and  closed  his  labors  forever.  Then  it  was  that  his  widow,  who 
was  fully  sensible  of  the  value  of  his  great  machine,  used  her  exertions 
to  introduce  it ;  but  her  confessor,  a  Roman  Catholic  priest,  expostulated 
with  her  on  the  folly  and  sin  of  her  conduct,  and  solemnly  declared  to 
her  *'  on  the  favth  of  a  priest,"  that  if  she  did  not  cease  her  endeavors,  she 
would  not  only  lose  the  favor  of  heaven,  but  the  use  of  her  reason  !  She 
died  in  1681,  and  the  evil  genius  of  Worcester  did  not  even  then  cease 
its  persecutions ;  for  posterity,  which  generally  corrects  the  errors  of  con* 
temporaries,  has  not  yet  done  justice  to  his  memory.  While  a  few  writers 
adnnit  the  value  and  originality  of  his  inventions,  and  account  him  one  of 
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die  chief  audiois  of  the  steam-engine,  others  conJeiDR  the'*  Century"  as 
a  n.a^  o^  absurdities,  and  denv  his  ever  havius:  constructed  a  stcam-mar 
chine  at  all.  Those  persons  however  who  entertain  the  latter  opinion, 
cvinct;  as  much  credulity  as  others,  for  they  cannot  deny  that  he  has  des- 
crtLed  the  pec  iliar  properties  of  the  great  cJtefd*auvre  of  human  ingenuity 
(.1  hic-li-pressure  steam-engine)  with  a  degree  of  accuracy  of  which  history 
alTiH  ds  uo  parallel ;  and  hence,  if  he  lacked  truth  he  possessed  prescience, 
and  while  they  reject  him  as  an  inventor,  they  must  admit  him  as  a 
prophet. 

In  the  annals  of  the  arts,  there  is  not  to  be  (band  a  more  singular  exam- 
ple of  devotion  to  their  improvemer*;  either  as  regards  the  number  of 
years  or  the  amount  of  treasure  spent,  the  importance  of  the  results  or  the 
ardor  with  which  they  were  pursued,  and  the  efibrts  made  to  excite  public 
attention  to  them.  Whatever  others  may  have  done  before  him,  they  left 
ao  account  of  their  lalx>rs.  Worcester  is  the  first  to  communicate  with 
the  public  by  means  of  the  press,  and  to  g^ve  a  tangible  description  (al- 
though an  intentionally  obscure  one)  of  his  discoveries — (for  we  do  not 
reckon  either  the  device  of  Branca  or  Decaus  among  such.)  On  this  ac- 
count alone  he  is  entitled  to  the  pr^se  of  every  modem  engineer ;  and 
had  be  but  fulfilled  his  promise  of  leaving  detafled  accounts  illustrated 
with  engravings,  his  fame  would  have  endured  as  long  as  the  steam-engine 
itself.  If  he  were  not  the  great  magician  who  evoked  the  mighty  spirit 
that  lay  dormant  in  steam— who  pointed  out  its  power  and  the  means  of 
employing  it^who  revived  the  project  of  Garay  and  embodied  and  ex* 
tended  the  apparatus  of  Porta — it  may  be  asked  who  was  1  And  although 
none  of  his  machines  are  extant,  nor  any  of  his  immediate  successors  have 
had  the  candor  to  acknowledge  their  obligations  to  him,  it  is  not  less  the 
duty  of  historians  to  uphold  his  claims  until  evidence  shall  be  adduced  to 
establish  those  of  another— until  some  older  and  clearer  fountain  than 
his  Century  of  inventions  shall  be  discovered — from  which  streams 
equally  unacknow. edged  have  been  drawn.  We  cannot  but  hope  that 
tiie  obloquy  and  uncertainty  under  which  his  name  is  yet  shrouded  will 
eventually  ^e  dispersed,  when  he  will  be  esteemed  one  of  the  most  re- 
markable nie<;hanicians  of  modem  times,  and  be  associated  with  the  Daa* 
daluses  and  Arrhytases  of  antiquity. 

How  similar  tj  Worcester's  manner  of  announcing  his  discoveries,  is 
tlie  following  one  from  Glauber,  an  older  writer !  It  appears,  at  the  first 
glance,  as  absurd  as  any  thing  in  the  Century.  "  A  certain  secret  by  the 
help  whereof  wines  are  easily  transported  from  mountainous  places,  re- 
mote from  rivers  and  destitute  of  other  conveniences  of  carriage,  so  that 
the  carrying  oUen  vessels  is  of  cheaper  price  th^n,  othenm^e,  the  carrying 
of  one**  This  passage,  he  observes,  offended  many  both  learned  and  un- 
learned, who  "  believed  the  thing  impossible,  and  nothing  but  dreams  and 
fancies."  He  was  so  much  quizzed  about  it  as  to  regret  having  mentioned 
it  '*  Many  judge  this  thing  incredible  because  of  the  want  of  unnged  carts^ 
that  need  not  horses !  confirming  one  the  other  in  unbeliefe,  leading  one 
another  after  the  manner  of  the  blind."  His  plan  was  to  take  the  juice  of 
the  grape  before  fermentation  commenced,  and  concentrate  it  by  boiling 
till  it  became  of  "  the  consistence  of  honey."  The  water  being  thus  eva- 
porated reduced  the  wine  to  less  than  one  tenth  of  its  former  bulk  and 
weight,  while  it  still  retained  the  strength  and  virtue  of  the  whole ;  for 
**  new  wine  decocted  and  inspissated  before  its  fermentaaon  lobeth  nothing 
of  its  virtues :"  hence  it  could  be  transported  at  one  tenth  the  expense. 
When  used,  it  was  to  be  diluted  with  the  same  quantity  of  water  as  was 
evaporated  frr  m  it.     (Treatise  on  Philos.  Furnaces :  Lond.  1651,  p.  353.) 
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The  adoption  of  some  mode  of  concentrating  wines  as  abcve,  \i'ou!d 
produce  an  immense  saving  in  their  freight  and  carriage  over  the  globe, 
and  would  consequently  greatly  reduce  their  cost.  It  would  also  ck^feat 
the  enormous  frauds  that  are  practiced  in  the  manufacture  of  artificial 
wines — mixtures  in  which  not  a  drop  of  the  juice  of  the  grape  is  said  tn 
enter.  Glauber  says,  *'  the  new  wine  is  not  to  be  inspissated  in  carl« 
drons/'  on  account  of  the  taste  which  it  would  contract  from  the  metal 
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Hautafeuillet  H uyghens  aod  Rooke — Moroland — Hia  table  of  cylinder*— 0U  puaipi  worked  by  • 
cylindrical  high-pressnre  stcfnm-enf  ioe— He  made  no  claim  to  a  ueam-eng iae  in  England — Simple  do 
vice  by  whicli  he  probably  worked  hi*  plunger  pampas-Inventions  of  hie  al  Vauxhall — ^Aiieedoir  of  him 
from  Evelyn's  Diary— Early  steam  projectors  courtiera— Ridiculous  origin  of  aome  honors— Edict  of 
Name*— Papin— Digesters-— Safety  valve — Papin's  plan  to  transmit  power  tlirough  pipes  by  meaus  of 
aii^-Cauje  of  its  failure — ^Another  plan  by  compressed  air — Papin's  experiments  to  move  a  piston  by 
gunpowder  and  by  steam — The  latter  abandoned  by  him — ^The  safety  valve  improved,  not  inveiit(>d  by 
Papin — Mercurial  safety  valves — Water  lute — Steam  machine  of  Papin  for  raising  water  and  imparting 
motion  to  machinery. 

Towards  the  latter  part  of  Worcester's  life,  a  young  Frenchman  was 
fast  rising  into  notice.  This  was  John  Hautefeuille,  the  son  of  a  baker  at 
Orleans,  and  one  of  the  most  brilliant  mechanicians  of  the  age.  He  was 
in  his  t\ventit.'th  year  when  Worcester  died.  The  device  for  regulating 
the  vibrtition  of  the  uaUuoe  in  watches  by  a  spring,  whence  arose  the 
name  of  pendulum  watches,  was  invented  by  him,  and  was  subsequently 
improved  by  Huyghens.  Hautefeuille  entered  the  church  and  became 
an  abbe.  He  wrote  several  tracts  on  subjects  connected  with  mechanics 
In  167S  he  proposed  steam  as  a  sa jrce  of  power,  and  applied  it  to  give 
motion  to  a  piston.  Instead  of  aqueous  vapor  he  also  proposed  the  alter* 
nate  evolution  and  condensation  of  the  vapor  of  alcohol,  in  such  a  manner 
that  none  should  be  wasted ;  and  both  he  and  Huyghens  gave  motion  to 
pistons,  by  exploding  small  charges  of  gunpowder  in  cylinders.  In 
1678,  Dr.  Hooke  proposed  a  steam-engine  on  the  atmospheric  principle, 
but  the  only  information  respecting  it  is  in  a  memorandum  to  that  effect 
found  among  the  papers  of  Dr.  Robison,  the  author  of  the  treatise  on  Me 
chanicaZ  Philosophy. 

These  examples  of  imparting  motion  to  a  piston  by  aSriform  fluids  are 
interesting,  inasmuch  as  they  show  that  the  device  was  not  very  novel  in 
the  middle  of  the  17th  century,  and  that  mechanics  in  different  countries 
were  familiar  with  it. 

We  must  now  refer  to  another  member  of  the  English  court,  a  contem- 
popary  of  Worcester,  and  like  him  actively  engaged  in  the  politics  of  the 
times,  but  who  on  the  other  hand  adhered  to  the  commonwealth  until  the 
latter  part  o£  Cromweirs  administration.  We  are  told  that  one  evening, 
•^eap  midnight,  an  interview  took  place  between  Cromwell  p.nd  Thurloe 
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his  secretary,  a]  the  house  of  the  latter,  on  some  state  business  that  r«^t|uired 
the  utmost  secrecy.  It  was  not  till  the  matter  had  been  opened  that  the 
Protector  became  aware  of  a  third  person  being  in  the  room,  when  he  n 
said  to  have  drawn  hid  dagger,  and  would  have  dispatched  the  supposed 
intruder,  had  not  Thurloe  guaranteed  silence  on  the  part  of  his  sleeping 
attendant.  This  was  Samuel  Moreland,  the  inventor  of  the  plunger  pump. 
He  was  then  employed  by  and  in  the  confidence  of  the  secretary,  and  was 
asleep,  or  affected  to  be  so,  during  the  interview.  On  this  or  some  other 
occasion,  he  overheard  the  discussion  of  a  plan  to  take  oflT  the  exiled  king; 
to  whom  he  disclosed  the  whole,  and  waS  rewai'ded  with  a  title  at  the 
restoration. 

It  is  not  known  when  Moreland  first  turned  his  attention  to  mechanics: 
probably  not  till  the  restoration.  As  a  favorite  of  Charles  II,  and  a  groom 
of  the  privy  chamber,  he  must  oflen  have  met  Worcester  at  court;  whiks 
from  their  congenial  habits  and  pursuits  as  mechanicians,  they  were  niosi 
likely  on  familiar  terms  with  each  other.  As  master  of  mechanics  to  the 
king,  Moreland  was  no  doubt  one  of  those  who  visited  and  examined  the 
machine  erected  by  Worcester  at  Vauxhall,  and  as  a  matter  of  course  he 
often  perused  the  Century  of  Inventions.  He  has  not  however  had  the 
aigenuousness  to  mention  any  of  these  things ;  but  notwithstanding  this,  we 
cannot  believe  so  far  as  his  applications  of  steam  are  concerned,  that  he  was 
not  indebted  either  to  the  machine  itself,  to  the  Century,  or  to  personal  in- 
tercourse with  Worcester,  and  probably  to  them  all.  The  first  invention  of 
Moreland  that  we  hear  of  is  the  pump  that  he  patented  in  1675,  and  on  which* 
according  to  one  writer,  he  had  previously  spent  twelve  years.  This  carries 
the  date  back  to  about  1663,  the  year  in  which  the  Century  was  published. 
It  is  not  at  all  unlikely  that  this  famous  pamphlet  first  induced  Moreland 
(as  well  as  many  others)  to  turn  his  attention  to  mechanical  discoveries, 
and  furnished  him  with  materials  to  work  upon.  In  the  manuscript  volume 
presented  by  him  to  the  French  king  in  1683,  (see  page  273)  and  now 
preserved  in  the  British  museum,  there  is  a  very  short  chapter  on  fire  or 
steam  engines,  of  which  the  following  is  a  translation : — 

"*  The  Principles  qfifie  new  Force  of  Fire,  invented  by  the  Chevalier  More* 
^und^in  the  year  1682,  a?id presented  to  his  most  CJiristuzn  Majesty,  16S3. 

"  Water  being  evaporated  by  the  force  of  fire,  these  vapors  immediately 
require  a  greater  space  (about  two  thousand  times)  than  the  water  occu* 
pied  before,  and  too  forcible  to  be  always  imprisoned,  v/ill  burst  a  piece 
of  cannon.  But  being  governed  according  to  the  rules  of  statics,  and  re- 
duced by  science  to  measure,  weight  and  balance,  then  they  will  {peace- 
ably carry  their  burden,  (like  good  horses)  and  thus  become  of  great  use 
to  mankind  ;  particularly  td  raise  water  according  to  the  following  table, 
which  shows  the  jiumber  of  pounds  which  can  be  raised  1800  times  per 
hour  to  six  inches  in  height,  by  cylinders  half  filled  with  water,  as  weli 
AS  the  different  diameters  and  depths  of  those  cylinders  : — 
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As  this  IS  all  that  Moreland  has  left  on  the  subject,  it  is  difHcult  if  nor 
impossible  to  ascertain  the  precise  construction  of  his  apparatus.  He  is 
as  silent  respecting  the  manner  and  details  by  which  the  object  was  ac- 
complished as  Worcester  himself,  and  hence  the  steam-engt»e  of  one  is 
quite  as  much  a  riddle  as  that  of  the  other.  Were  these  "cylinders" 
generators  of  steam — ^boilers  ?  or  were  they  separate  vessels  for  the  re 
ception  of  water,  and  from  which  it  was  expelled  by  the  vapor,  as  from 
the  receivers  of  Savery  ]  or,  working  cylinders,  whose  pistons  were  moved 
by  the  expansive  force  of  steam  ]  or,  lastly,  were  they  pump  chambers, 
by  which  the  liquid  was  raised  1  We  suppose  they  were  the  last.  Had 
they  acted  on  the  principle  of  SaveVy's  receivers,  they  could  never  have 
been  filled  and  discharged  thirty  times  a  minute,  or  1800  times  an  hour. 
Then  as  Moreland  speaks  only  of  high  steam,  it  can  hardly  be  imagined 
that  he  used  or  thought  of  using  its  expansive  force  to  move  pistons  in  the 
largest  cylinders  he  has  named,  or  nmde  calculations  for  the  employment 
of  ninety  of  them.  Where  could,  he  have  got  a  boiler  sufRciently  strong 
and  capacious  to  supply  a  cylinder  twelve  feet  long  and  six  in  diameter, 
to  say  nothing  of  the  difficulty  of  making  such  cylinders  1  Yet  he  speaks 
of  them  as  nothing  extraordinary.  Now  there  was  no  difficulty  in  making 
them  of  all  the  dimensions  named ^br  his  plunger  pumps,  (see  No.  123  of 
our  illustrations)  for  the  simple  reason  that  they  were  not  required  to  be 
bored  ;  as  the  piston  or  plunger  worked  in  contact  only  with  the  collar  of 
leathers  or  stuffing  box  at  the  top.  That  it  is  to  these  he  refers  appears 
also  from  the  terms,**  reduced  by  science  to  measure,  weight  and  balance." 
these  being  the  very  same  that  he  used  when  he  claimed,  by  the  invention 
of  this  pump,  to  have  "  reduced  the  raising  of  water  to  weight  and  meO' 
sure,**  viz.  by  comparii.g  the  weight  of  the  loaded  plunger  to  the  quantity 
of  water  displaced  from  the  cylinder  by  its  descent,  (see  page  273) — and 
thence  the  number  of  pounds  raised  by  each  cylinder  in  the  preceding 
table,  would  be  the  sum  of  the  weights  on  each  plunger.  The  term  "six 
inches"  probably  arose  from  that  being  the  length  of  stroke  of  his  expen 
mental  plunger ;  the  length  of  the  other  cylinders  and  their  effects  being 
calculated  from  it.  The  cylinders  being  only  "  half  filled  with  water," 
would  th<;n  refer  (o  that  quantity,  or  about  that,  being  expeUed  at  ea.:h 


144  Mordand^M  Sleam-Engiju.  [Book  I\' 

stroke,  because  die  plungers  would  occupy  ona  h-lf  only  of  the  intertoi 
capacities  of  the  cylinders.     See  the  figure  of  one  on  page  272. 

If  this  view  of  Moreland's  project  be  correct,  then  he  merely  used 
steam  to  work  his  p-unger  pump ;  and  therefore  could  not  justly  claim  in 
1682  to  have  ii»^*uced.  but  only  to  have  applied,  the  "force  of  fire.** 
That  he  employed  &  simpie  form  of  a  high- pressure  engine,  in  other  words 
moved  a  piston  by  the  elasticity  of  the  vapor,  like  Hautefeuille  and  Wor 
ccster,  we  have  httle  doubt.  His  language  intimates  that  steam  was  theu 
rendered  so  manageable  as  to  be  applicable  to  numerous  operations  "  for 
the  benefit  of  mankind,*'  of  which  the  raising  of  water  was  the  only  one 
under  his  consideration.  He  obviously  was  in  possession  of  the  means 
of  imparting  motion  to  lolids  by  steam,  and  thus  making  it  peaceably 
to  carry  burdens^  or  overcome  resistances,  "  like  good  horses :" — ^In- 
deed, one  might  almost  suppose  from  his  apparent  carelessness  in  not 
mentioning  the  mode  in  which  the  steam  was  applied,  viz.  in  giving 
motion  to  a  piston,  that  explanation  on  this  point  was  then  no  longf^r 

necessary. 

It  is  singular  that  Moreland  made  no  claim  for  this  invention  in  England. 
Why  was  this,  if  he  had  any  K  Does  it  not  imply  that  he  did  not  invent 
the  steam  part  of  the  apparatus  1 — else  why  not  have  patented  it  as  well 
as  the  pump  1  for  the  object  deserved  it,  and  the  pro.<pects  of  remunera 
tion  were  as  promising  at  home  as  in  Fvance.  The  fact  is,  he  could  not 
claim  the  piston  steam-engine  where  the  labors  of  Worcester  and  others 
were  still  in  remembrance,  and  where  some  of  their  machines  were  pro- 
bably extant.  As  an  educated  man  and  an  enlightened  mechanic.  More 
land  was  not  ignorant  of  the  labors  of  Ramseye,  FludJ,  Hautefeuille  and 
Worcester.  It  is  pretty  clear  that  he  lit  his  candle  at  the  lamps  of  these 
men,  and  particularly  the  latter ;  for  in  the  short  chapter  on  sieam  quoted 
above,  he  has  copied  botii  the  ideas  and  the  language  of  the  author  of  the 
Century  of  Inventions.  C>ne  observation  is  highly  creditable  to  him,  if  he 
was  the  author  of  the  experiments  from  which  it  was  deduced,  viz.  the 
relative  volume  of  steam  and  water.  A  quantity  of  the  latter  when  con- 
verted into  the  former  occupies,  he  observes,  2000  times  its  former  space : 
modern  experiments  make  ft  between  1800  and  1900  times. 

Of  several  simple  modes  by  which  Moreland  may  have  applied  steam 
to  work  his  pumps,  we  shall  mention  one : — Let  a  smcl\  steam-cylinder, 
open  at  the  top,  be  placed  under  the  same  end  of  a  vibrating  beam  as  the 
plunger  of  the  pump;  the  piston  rods  of  both  cylinders  being  connected 
to  the  beam  :  then,  by  turning  a  three-way  steam-cock,  the  vapor  would 
rush  into  the  bottom  of  tlie  steam-cylinder,  and  pushing  up  the  piston, 
would  raise  the  beam  and  the  loaded  plunger  of  the  pump ;  and  by  then 
turning  the  cock  so  as  to  close  the  communication  between  the  cylinder 
and  the  boiler,  and  to  open  one  between  the  former  and  the  external  air, 
the  bteam  would  escape,  and  the  weights  on  the  plunger  would  cause  it 
with  the  beam  and  steam- piston,  to  descend.  By  turning  the  steam-cock 
as  before,  the  stroke  would  be  repeated.  The  only  objection  to  such  a 
device  is,  that  it  is  too  crude  to  be  attributed  to  Moreland ;  for,  from  the 
advantages  he  possessed  in  knowing  all  that  had  been  previously  done, 
there  can  be  little  doubt  that  he  was  in  possession  of  a  self-acting  engine, 
and  of  the  knowledge  of  increasing  its  energy  according  to  the  different 
niZipd  pumps  required  to  be  worked  by  it. 

Moreland  possessed  a  natural  turn  for  mechanics,  and  during  the  latter 
half  of  his  life  devoted  himself  almost  exclusively  to  the  invention  and 
improvement  of  useful  machinery.  Were  a  description  of  his  and  Wor- 
cester's workshops  now  extant,  it  would  possess  more  reai  interest  that 
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any  thing  which  history  or  tradition  has  handed  down  aboat  round-heads 
and  cavaliers.  He  had  a  place  fitted  up  at  the  expense  of  government, 
with  the  requisite  appai-atus  for  carrying  on  his  researches,  at  which 
Charles  sometimes  assisted  ;  and  he  speaks  of  having  moreover  expended 
large  sums  of  his  own  in  experiments,  to  please  the  king's  fancy.  Of  the 
number  of  curious  things  here  contrived,  besides  his  speaking  trumpet, 
capstan,  pumps  and  steam-engines,  we  rray  judge  from  what  is  reported 
of  ills  dwelling  house  at  Vauxhall,  every  pa^t  of  which  exhibited  proofs 
of  his  inventive  mind  ;  even  the  side  table  in  his  dining  room  was  supplied 
with  a  large  fountain,  and  the  glasses  stood  under  little  streams  of  water. 
His  coach  too  contained  a  portable  kitchen  with  clock-work  machinery, 
by  which  he  could  make  soup,  broil  steaks,  or  roast  a  joint  of  meat. 

Vauxhall  gardens,  as  a  place  of  public  resort,  appear  to  have  originated 
in  the  curious  things  constructed  there  by  Moreland.  Aubrey,  in  his  Hisr 
tory  of  Surrey,  states  that  in  1667,  Sir  Samuel  "  built  a  fine  room  at 
Vauxhall,  the  inside  all  of  looking-glass,  and  fountains  very  pleasant  to 
behold,  which  is  much  visited  by  strangers.  It  stands  in  the  middle  of 
the  garden,  covered  with  Cornish  slate,  on  the  point  whereof  he  placed  a 
Punchinello  very  well  carved,  which  held  a  dial ;  but  the  winds  have  de- 
molished it."  **  The  house  [observes  Sir  John  Hawkins]  seems  to  have 
been  rebuilt  since  the  time  that  Sir  Samuel  Moreland  dwelt  in  it ;  and 
there  being  a  large  garden  belonging  to  it  planted  with  a  great  number 
of  stately  trees,  and  laid  out  in  shady  walks,  it  obtained  the  name  of  Spring 
Grardens,  and  the  house  being  converted  into  a  tavern  or  placo  of  enter- 
tainment, it  was  frequented  by  the  votaries  of  pleasure." 

Moreland's  attachment  to  mechanics  continued  unabated  in  his  old  age, 
and  even  after  his  sight  was  lost.  A  pleasing  proof  of  this  is  given  in  the 
diary  of  the  celebrated  John  Evelyn.  **  October  25,  1695.  The  arch- 
bishop and  myselfe  went  to  Hammersmith  to  visite  Sir  Sam.  Moreland, 
who  was  entirely  blind  ;  a  very  mortifying  sight.  He  shewed  us  his  in- 
dention of  writing,  which  was  very  ingenious,  also  his  wooden  kalender 
which  instructed  him  all  by  feeling,  and  other  pretty  and  useful  inventions 
of  mills,  pumps  &c.  and  the  pump  he  had  erected  that  serves  water  to  his 
garden,  and  to  passengers,  with  an  inscription,  and  brings,  from  a  filthy  part 
of  the  Thames  neere  it,  a  most  perfect  and  pure  water.  He  had  newly 
buried  <£200  worth  of  music  books,  six  feet  under  ground,  being,  as 
he  said,  love  songs  and  vanity.  He  plays  himselfe  psalms  and  religious 
hymns  on  the  Theobo." 

It  is  singular  that  almost  all  the  early  English  steam  machinists  and 
supposed  experimenters  were  antrtiers.  Bacon  was  Lord  Chancellor ; 
Raraseye,  g^oom  of  the  privv  chamber  to  Charles  I;  Worcester,  a  mar- 
quis and  a  general ;  Moreland,  a  knight,  and  groom  of  the  privy  or  bed 
chamber*  to  Charles  II ;  and  Busheil  and  Savery  held  ofRces  under  the 
government. 


*  It  IB  a  nataral  incjuiry,  what  odd  diitien  were  attached  to  «nch  an  ofBce,  that  gtntUoun 
should  desire  to  perforin  them?  and  particularly  to  such  beasts  as  Charles  II  or  George 
IV  7  Ax  analysis  of  the  honors  which  monarchs  bestow,  would  afford  amusement  and 
iostructic  n  to  American  readers.  It  would  add  to  the  causes  of  honest  exultation  in  the 
founders  of  our  republic,  for  tlieir  excluding  such  fooleries  from  our  snores.  Onr  ex- 
ample in  this  respect  as  wbll  as  in  others,  is  destined  by  Providence  to  exert  a  salutary 
influence  on  the  world.  A  spirit  of  enquiry,  and  ideas  of  self  respect,  a*"i  already  be- 
coming too  prevalent  for  men  to  be  kept  much  longer  in  a  mere  state  of  pupilage,  to-be 
governed  like  children  through  the  medium  of  their  senses,  with  pageants  and  hifh 
sounding  titles,  costumes  and  ceremonies,  tinsel  and  gewgaws.  Those  persons  who 
have  no:  reflected  on  the  subject,  have  need  of  a  large  share  of  fiith  to  believe  one  half 
the  Circuuistuuces  connected  wl:li.  the;  or:gin  ana  the  conferring  )f  titles,  sn  truly  prf 
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The  next  experiments  on  steam  of  which  we  have  any  account  were 
cnade  by  a  Frenchman,  but  not  in  France.  The  reason  of  this  may  as 
weii  be  noticed,  since  it  will  serve  to  show  how  great  the  blessings  are 
which  we  enjoy  over  the  people  of  th^  old  world.  Of  all  the  different 
Bpecies  of  tyranny  under  which  Europe  has  groaned  and  still  groans,  that 
1)y  which  the  inhabitants  are  conpelled  to  adopt  such  articles  of  religious 
faith  as  their  governors  choose  to  give  them,  is  the  most  diabolical.  This 
may  be  considered  as  the  climax  of  human  degradation,  and  of  human 
oppression.  No  feeling  mind  can  contemplate  without  horror  the  acts  of 
those  despots  who,  not  content  with  consuming  the  substance  and  tyran- 
nizing over  the  bodies  of  their  subject},  as  they  call  them,  insist  on  sub- 
duing their  mtnda  and  consciences  also !— despots  who,  though  covered 
with  crime,  blasphemous.y  set  themselves  up  as  "  Heads  of  the  Church  !" 
and  "  Defenders  of  the  Faith !"  and  this  too  by  the  "  grace  of  God  !"— 
And  these  Heads  of  the  Church,  in  order  to  defend  "  the  Faith,"  have 
harassed,  plundered,  hanged,  shot  and  even  burnt  alive  both  men  and  wo- 
men who  would  not  acknowledge  them  as  such !  Thus  it  was  when  the 
edict  of  Nantes,  which  Henry  IV  established  to  protect  his  Protestant 
subjects  in  their  civil  and  religious  rights,  was  revoked  by  Louis  XIV,  it 
became  the  signal  for  the  most  violent  persecutions  of  that  people.  Their 
children  were  taken  from  them  and  placed  i;nder  Papist  teachers — ^they 
were  compelled  by  the  penalty  of  military  execution  to  embrace  the  Ro- 
man faith — ^a  price  was  set  on  the  heads  of  those  who  refused — a  twentieth 
part  of  their  whole  number  was  butchered— half  a  million  fled  into  other 
lands  (as  the  Pilgrims  did  to  this)  that  they  might  be  at  liberty  to  worship 
God  according  to  their  own  consciences.  In  this  way  the  most  ingenious 
and  avowedly  the  most  industrious  mechanics  of  France  were  driven 
into  exile ;  and  by  a  righteous  and  retributive  Providence,  the  staple  ma 
nufactures  of  that  kingdom  were  transferred  to  other  nations. 

Of  those  who  took  refuge  in  England  was  Papin,  a  native  of  Blois;  a 
physician  and  philosopher,  and  one  of  the  most  talented  of  the  early  ex- 
perimenters on  steam  and  air :  a  man  of  whom  any  country  might  have 
been  proud,  and  who,  though  France  then  cast  out  as  a  disgrace,  she 
no7^  claims  honor  to  herself  for  having  given  him  birth;  and  mourns  that 
the  records  of  his  labors  are  only  to  be  found  in  foreign  archives.  What 
a  commentary  on  religious  persecution,  that  the  only  claims  which  Rom&n 
Catholic  France  has  or  can  set  up  for  a  share  in  the  invention  of  the 
steam-engine,  are  based  on  the  ingenuity  of  a  Jew  and  a  Protestant !— on 
Si^lomon  Decaus  and  Denys  Papm. 

Through  the  influence  of  the  celebrated  Boyle,  Papin  was  elected  a 
fell>^  ^i'  the  British  Royal  Society  in  December,  1630.  He  was  an  ac- 
tive and  useful  member,  and  contributed  several  interesting  papers  to  ihe 
Society's  Transactions.  In  1681  he  invented  a  method  of  softening  bones, 
with  a  view  to  extract  nourishing  food  from  them,  viz.  by  submitting  them 
to  the  action  of  steam  at  high  temperatures,  in  close  vessels  named  digesteth. 

posteroiifl  are  they.  Tho  Orders  were  derived  from  all  sorts  of  thinfs,  as  the  moon, 
stars,  doss,  Ijorses,  Rwords,  flower*,  stone?,  shells  birds,  pigs,  the  Savior,  angek,  saints 
women — and  there  wns  even,  an  order  ofyoo^:-— elephanut,  thistles,  mountains,  blood, 
wool,  a  table— and  who  doen  not  know  that  "  the  most  honorable  **  ot*  English  Orders  at 
the  present  day  are  tHo^e  of  the  bathing  tub,  or  bath!  and  of  the  garter!  The  ceremo- 
nies attending  these  can  only  be  equalled  for  mummeries  and  childish  puerilities  by  the 
old  interludes,  as  those  of  "The  Bishop  of  Fools"  and  ■*  The  Abbot  of  Unreason  "* 
Such  are  tlie  things  tliat  distinguish  "  the  o^'ivileged  orders'*  of  Earope — that  are 
deemed  necessary  to  mainliin  "  Uie  dignity  o?  the  crowD,'*— 4nd  tb«  debasement  of  the 
people 
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Tl.'ere  seems  however  to  be  some  mistake  respecting  the  date  just  men- 
tionedy  which  is  the  one  generally  assigned ;  for  in  the  second  volume  of 
Boylo'd  Works  (by  Shaw,  Lon.  1725)  are  details  of  efcperiments  on  boiling 
beef  &c.  "  in  screw'd  vessels  or  digestors,"  in  the  bt^ginning  of  thjD  year 
1G79 — thus  :  **  January  20.  Eight  days  ago  I  fill'd  a  screw'd  vessel  with 
beef  and  water  together,  and  when  it  had  continued  over  a  :nodcrate  fire 
fi»r  8  or  9  hours  in  balneo  maria  [a  water  hath]  stopp'd  als*>  with  a  screw, 
I  took  the  flesh  out,"  &c.  "  Feb.  10.  I  boil'd  a  cow  heel  after  the  same 
manner  as  I  had  done  the  flesh  above  mentioned,  but  left  it  for  four  hours 
or  more  upon  a  moderate  fire ;  then  the  vessels  being  unstopp*d,  we  found 
the  flesh  exceedingly  well  boiled,  and  the  bones  so  soft  that  they  might  be 
easily  cut  with  a  knife  and  eaten."     "  Feb.  12.  I  repeated  the  experiment 

and  let  the  vessel  remain  exposed  to  the  fire  for  12  hours,"  &c. 

"  Hence  it  appears  that  many  bones  and  hard  tendc»ns,  which  we  daily 
throw  away  as  unprofitable,  may,  by  the  help  of  a  balneo  maritB  stopp*d 
with  a  screw,  be  converted  into  good  nourishment."  pp  550,  551. 

Papin's  first  digesters  were  as  liable  to  be  rent  asunder  as  eoliptlos 
placed  on  a  fire  with  their  orifices  stopped.  They  are  figured  in  detail  in 
Poliniere's  Experiences  de  Physique,  2d  ed.  Paris  1718.  Each  consisted 
of  a  short  but  very  thick  tube,  of  bell-metal,  about  a  foot  in  length  and 
fivQ  inches  in  diameter,  with  one  end  closed.  The  open  end  had  a  collar 
csst  on  it,  to  which  the  cap  or  cover  was  secured  by  clamos  and  a  screw. 
The  cover  and  end  of  the  tube  were  ground  together  so  as  to  fit  air-tiglit, 
like  a  viilve  to  its  seat.  A  few  bones  and  a  little  water  were  put  in,  and 
the  cover  screwed  down  ;  thb  ^^essel  was  then  laid  in  a  horizontal  position 
on  a  bed  of  charcoal  in  a  long  iron  grate.  The  almost  unavoidable  rup- 
ture of  these  vessels,  led  Papm  to  the  invention  of  the  lever  safety-valve, 
which  he  first  applied  to  them,  and  afterwards  to  machines  for  raising 
water  by  steam. 

Notwithstanding  the  practical  knowledge  of  the  properties  of  steam 
acquired  by  the  employment  of  digesters,  Papin  does  not  appear  to  have 
Ifiau  any  idea  of  using  it  as  a  mechanical  agent  till  some  years  after.  His 
first  paper  on  the  subject  of  raising  water  is  dated  July,  1685,  (Phil.  Trans, 
vol.  XV,  page  1093;  Abridgment,  vol.  i,  page  539)  entitled  "A  New  Way 
of  Raising  Water,  enigmatically  proposed."  Three  different  solutions 
were  sent  in,  after  which  he  explained.  The  device  was  a  small  fountain, 
in  which  the  liquid  was  raised  by  a  piston  bellows  '*  put  in  some  secret 
place,  where  a  body  may  play  the  same."  The  application  of  the  device 
was  tlien  pointed  out,  viz.  to  draw  water  from  mines,  by  means  of  a  niri- 
ning  stream  located  "  far  distant"  from  them :  in  other  words,  to  transmit 
power  to  a  considerable  distance  by  means  of  air. 

His  plan  was  this  :  a  series  of  air-tight  receivers  were  to  be  placed,  12 
feet  above  each  other,  in  the  shaft;  the  highest  on  a  level  with  the  ground, 
and  the  lowest  12  feet  above  the  bottom  of  the  pit.  The  water  was  to  be 
transferred  by  the  pressure  of  the  atmosphere  from  one  receiver  to  ano- 
ther, till  it  was  discharged  above.  For  this  purpose  a  pipe  extended  from 
the  water  to  the  bottom  of  the  lowest  vessel ;  another  pipe  from  the  lower 
part  of  this  to  the  next  one,  and  so  on  to  the  top ;  and  to  prevent  the  water 
from  running  back,  the  upper  orifice  of  each  pipe  was  covered  by  a  valve. 
The  mode  by  which  he  alternately  withdrew  air  from  and  admitted  it  into 
the  receivers,  constitutes  the  main  feature  of  the  plan.  The  t^per  parts 
of  every  two  receivers  were  connected  by  branch  pipes  to  a  long  one  at^ 
tached  to  the  bottom  of  a  9eparate  air-pump,  which  was  to  be  placed  near  a 
water-wheel  impelled  by  the  current ;  and  the  piston  was  to  be  worked  by 
a  orank  formed  on  the  shaft  of  the  wheel.     The  operation  of  two  pampt 
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and  four  receivers  will  be  sufficient  for  the  purpose  o£  illusti'atioTi.  Tim 
pump  cylinders  were  open  at  the  top.  They  had  no  valves,  and  but  one 
small  opening  at  the  bottom  of  each  where  the  long  air- pipe  was  united ; 
and  I  he  capacity  of  each  cylinder  was  equal  to  tha*  of  two  re'^elvers.  The 
cranks  were  so  arranged  that  as  one  piston  ascended  the  other  descended. 
It  was  ni»t  two  adjoining  receivers  that  were  connected  to  the  same  pump, 
but  the  lowest  and  the  next  but  one  above  it,  i.  e.  Nos.  1  and  3,  while;  to 
Nos.  2  and  4  the  pipe  of  the  other  pump  was  attached.  Then  as  tlie 
piston  of  the  first  mentioned  pump  was  raised,  the  air  in  Nos.  1  and  3 
would  be  rarefied  by  rushing  into  the  pump  cylinder,  and  water  would  be 
forced  into  them  by  the  atmosphere :  in  the  mean  time  the  other  piston 
would  produce  a  partial  vacuum  in  Nos.  2  and  4,  and  they  would  become 
filled  with  the  liquid  contents  of  Nos.  1  and  3,  in  consequence  of  the  air 
previously  in  these  being  driven  back  by  the  descent  of  the  piston  ;  so 
liiat  as  the  wheel  revolved,  water  would  constantly  be  entering  oise  half 
of  the  receivers,  and  the  contents  Oi  the  other  half  be  discharging.  How 
the  water  was  to  be  delivered  from  the  highest  receiver  Par  in  has  nc»t 
informed  us — probably  through  an  orifice  covered  by  a  valve  opening 
outwards. 

This  project  was  ingenious,  but  of  no  practical  value ;  and  it  failed  even 
in  an  experiment  In  consequence  of  the  extreme  elasticity  of  air,  and 
the  great  facility  with  which  it  dilates  and  is  compressed,  little  or  no  effect 
was  produced  by  the  action  of  the  pumps.  When  a  piston  descended,  the 
air  in  the  long  pipe  readily  yielded  to  its  impulse  without  imparting  any 
very  sensible  compression  in  the  receivers ;  and  on  the  piston's  ascent,  the 
air  m  the  pipe  again  dilated  and  no  sufficient  rarefaction  took  place,  in 
consequence  of  the  great  distance  of  the  receiver  from  the  exhausting 
apparatus. 

On  the  failure  of  this  he  devised  another  plan.  Suppose,  for  example, 
that  it  was  required  to  raise  water  out  of  amine,  and  that  there  was  nu 
river  to  turn  a  wheel  to  work  the  pumps  nearer  than  a  mile.  Papin  pro» 
posed  to  place  two  air-pump  cylinders  fitted  with  pistons  near  the  water- 
wheel,  and  other  two  at  the  mouth  of  the  mine.  These  were  to  be  con- 
nected by  a  pipe.  The  action  of  the  pistons  moved  by  the  wheel  was  to 
compress  the  air  in  the  cylinders,  and  in  the  pipe  throughout  its  whole 
length,  under  the  idea  that  when  the  pistons  at  one  end  of  the  pipe  were 
depressed,  those  at  the  other  would,  by  the  communication  of  pressure, 
be  elevated ;  but  although  the  pistons  moved  by  the  water-wheel  con- 
densed the  air,  those  at  the  mine  stood  still.  The  same  cause  that  led 
Papin  to  abandon  the  first  device,  also  rendered  this  one  useless.  If  air 
were  incompressible,  the  plan  would  have  answered  :  had  he  employed 
water  instead  of  air,  the  machine  would  have  performed.  Nnihlng  daunted 
however,  he  tried  again  in  1686,  and  with  a  somewhat  jtiniilar  apparatus, 
but  one  whose  action  depended  upon  the  rarefof'lion  of  air.  Two  large 
air  cylinders,  open  at  top,  were  placed  a  short  distance  apart  at  ine  mouth 
o£  the  mine,  and  directly  over  them  a  cylindrical  shaft  or  axle,  supported 
on  journals  at  each  end.  Instead  of  rods  being  attached  to  the  pistons,  a 
strong  rope  was  fastened  to  the  centre  of  each,  and  coiled  three  or  four 
times  round  the  axle  in  opposite  directions,  and  fastened  to  it.  Between 
the  cylinders  a  large  drum  or  wheel  was  fixed  upon  the  axle,  having  a 
long  rope  wound  round  it,  and  the  two  ends  (of  the  rope)  suspended  from 
opposite  sides  reached  half  way  down  the  mine.  To  these  ends  two  large 
backets  were  attached,  in  which  to  raise  the  water.  As  the  drum  t^irned 
first  one  way  and  then  the  other,  one  bucket  would  be  raised  and  the  other 
lowered,  like  two  buckets  suspended  over  a  pulley  in  a  well.    The  desigc 
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uf  the  air  cvhndera  was  thereufr^  to  impart  an  alternate  movement  to  he 
axle  and  drum,  and  consequently  to  the  buckets,  by  the  descent  of  the 
pistons.  (The  power  that  forced  these  down  was  the  pressure  of  the  at* 
mosphere,  and  the  manner  of  exciting  it  will  presently  be  noticed.)  Hence 
is  one  piston  descended,  the  rope  secured  to  it  necessarily  drew  round 
ne  axle,  and  raised  the  other ;  and  when  this  one  in  its  turn  was  forced 
down,  the  movement  was  reversed  and  the  *irst  one  raised. 

A  communication  was  made  between  ths  under  side  of  the  two  cylinders 
by  a  pipe,  and  to  this  another  long  one  was  attached  at  right  angles.  This 
last  pipe  was  to  be  of  such  a  length  as  to  reach  to  the  place  where  an 
under  or  overshot  wheel  could  be  applied  to  work  two  air-pumps.  These 
were  to  be  furnished  with  valves  and  suckers  like  common  sucking  pumps, 
and  to  the  lower  part  of  each  the  exhausting  pipe  was  to  be  connected  oy 
a  branch.  These  pumps  would  therefore  draw  the  air  out  of  tlie  cylinders 
at  the  mine,  and  consequently  cause  the  pistons  in  them  to  descend.  For 
this  purpose,  however,  some  device  for  alternately  opening  and  closing 
*.he  communication  of  each  cylinder  with  the  exhausting  pipe  was  required; 
because  if  a  vacuum  were  made  in  both  cylinders  at  the  same  time,  the 
pressure  of  the  atmosphere  on  both  pistons  would  be  the  same,  and  neither 
of  them  would  move.  To  avoid  this,  Papin  introduced  at  the  intersection 
of  the  exhausting  pipe  with  the  one  that  connected  the  cylinders,  a  four- 
way  cock — three  of  its  passages  being  joined  to  the  three  branches  formed 
by  the  intersection  of  the  pipes,  while  the  fourth  one  opened  to  the  air. 
Thus,  supposing  the  pumps  to  be  constantly  at  work,  and  the  plug  of  the 
I'ock  so  turned  that  the  air  in  one  cylinder  at  the  mine  might  be  drawn 
out,  the  atmosphere  would  then  push  down  the  piston,  provided  the  ex- 
ternal air  had  access  to  the  under  side  of  the  other  piston.  This  was  that 
which  the  fourth  passage  of  the  cock  was  designed  to  accomplish ;  for 
A^henever  one  cylinder  was  in  communication  with  the  exhaustit.'g  pipe  the 
jther  was  in  communication  with  this  passage,  and  hence  by  turning  the 
rock  a  constant  reciprocating  motion  was  imparted  to  the  axle,  drum  and 
buckets. 

A  project  something  like  this,  Papin  thought,  might  l)e  applied  to  work 
the  pumps  of  the  great  machine  at  Marli,  (see  page  296)-^the  power  of 
the  water-wheels  on  the  Seine  being  transmitted  by  air  instead  of  chains 
&c.  The  device  is  creditable  to  his  ingenuity,  but  he  was  doomed  to 
tsxperience  further  disappointment ;  for,  on  trial,  the  air  was  so  slowly 
urawn  from  the  cylinders,  and  the  difHculties  of  making  the  pistons  work 
air-tight  were  so  great,  that  no  pract'cal  benefit  could  be  derived  by  its 
adoption.  He  enlarged  his  pumps  and  diminished  the  bore  of  the  pipes 
in  order  to  accelerate  the  movement  of  the  pistons,  but  without  success. 
Had  he  placed  a  close  vessel,  several  times  larger  than  his  cylinders,  in 
communication  with  the  farther  end  of  the  exhausting  pipe,  and  in  which 
a  constant  vacuum  was  maintained,  then,  on  turning  the  cock,  the  air  iu 
the  cylinder  would  have  rushed  into  this  vessel,  and  the  piston  would  im- 
mediately be^in  to  descend.  This  mode  of  transmitting  power  is  capable 
of  some  useful  applications.  See  an  account  of  a  proposed  pneumatic 
rail-way  in  the  current  journals  of  the  day. 

Although  these  attempts  to  raise  water  and  transmit  power  by  means 
of  air  were  unsuccessful,  they  are  interesting  for  the  ingenuity  displayed, 
and  si 90  because  their  failure  led  Papin  to  the  employment  of  other  agents. 
Having  been  invited  by  the  Landgrave  of  Hesse  to  accept  the  professor- 
ship of  mathematics  in  the  university  of  Marpurg,  in  Germany,  he  left 
England  in  j6S7;  but  shortly  before  his  departure,  he  exhibited  to  the 
Royal  Sucioty  some  experiments  on  the  application  of  gunpowder  to  pro- 
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duco  n,  vacuum.  His  apparatus  consisted  of  a  small  cylinder,  in  which  a 
piston  like  that  of  a  common  pump-sucker  (viz.  with  an  aperture  covered 
by  a  valve)  was  fitted  to  move.  The  bottom  of  the  cylinder  was  closed, 
and  when  the  piston  was  near  the  top  he  exploded  a  small  charge  o\ 
powder  l*e]i»w  it,  with  the  hope  that  the  sudden  blast  of  flame  would  expel 
all  the  air  through  the  vr.lve,  which  instantly  closing  would  prevent  its 
return.  A  vacuum  bein^  thus  formed,  the  pressure  of  the  atmosphere 
would  bo  excit^'d  and  might  be  used  as  a  source  of  power.  He  could 
not  however  succeed  in  dii^ing  out  all  the  air  by  the  explosion,  and 
the  pressure  on  the  piston,  (ascertained  by  attaching  weights  to  a  rope 
passed  over  a  pulley  and  connected  to  the  piston  rod)  instead  of  being 
13  or  14  pounds  on  the  square  inch,  seldom  exceeded  six  or  seven.  He 
published  an  account  of  these  experiments  the  following  year  in  the  Acta 
j&rtf^ZiVorv/n,  a  journal  published  at  Leip8ic,and  which  was  to  Germany  what 
the  Journal  des  Savans  was  to  France  and  the  Philosopliical  Transactions 
to  England.     It  was  commenced  in  1682,  and  bom  the  latter  in  1665. 

« In  1690,  Papin,  unable  to  obtain  a  sufficient  vacuum  with  gunpowder, 
turned  his  attention  to  steam.  In  one  of  his  first  essays  he  raised  the 
piston  by  its  expansive  force ;  and  then  allowing  it  time  to  cool  and  return 
to  its  former  bulk  as  a  liquid,  the  pressure  of  the  air  forced  the  piston  back. 
His  cylinder  was  2^  inches  diameter,  and  closed  at  the  bottom.  A  small 
quantity  of  water  was  introduced  through  a  hole  in  the  piston,  which  was 
pushed  down  to  exclude  the  air  below  it,  and  the  hole  then  stopped  by  a 
plug.  A  brasier  of  burning  coals  was  now  applied  to  the  bottom  of  the 
cylinder,  and  the  piston  consequently  raised  by  the  accumulating  vapor. 
When  the  piston  reached  nearly  to  the  top  of  the  cylinder,  it  was  retained 
there  by  a  latch  slipped  into  a  notch  in  the  piston  rod :  the  fire  was  now 
removed,  and  the  steam  quickly  condensed  by  the  lower  temperature  of 
the  surrounding  air :  the  latch  was  removed,  and  the  atmosphere  pressed 
the  piston  down  and  raised  a  load  of  60  pounds,  which  was  attached  by  a 
rope  and  pulley  to  the  piston  rod,  being  an  effective  force  of  12^  pounds 
upon  every  square  inch  on  the  upper  surface  of  the  piston.*  A  device  of 
this  kind  Papin  thought  was  applicable  to  draw  water  from  mines,  and  to 
row  boats  against  wind  and  tide. 

It  does  not  appear  that  Papin  made  any  essential  improvement  on  the 
apparatus  during  the  four  following  years ;  for  when  he  published  his 
"  Recueil  des  diverse  Pieces  touchant  quelques  Nouvelles  Machines,  et 
autres  Sujets  Phiiosophiques,  par  M.  D.  Papin,  Dr.  en  M^d.  ACasel,  1695," 
he  still  contemplated  generating  the  steam  in  the  cylinders ;  and  at  every 
stroke  these  were  either  moved  from  the  fire,  or  the  fire  from  them.  It  is 
astcmishing  that  the  idea  of  a  fixed  and  separate  boiler  did  not  occur  to  him. 
His  plan  was  never  tried  except  as  an  experiment ;  and  he  subsequently 
abandoned  the  use  of  cylinders  and  pistons,  and  applied  steam  to  raise 
water  on  the  plan  of  Worcester's  68th  proposition.  This  was  unfortunate 
for  his  fame ;  for  in  his  experiments  with  the  piston  and  cylinder  he  was 
in  possession  of  every  principle  of  the  low-pressure  steam-engine,  and  had 
he  followed  up  the  device  he  would  have  borne  off  the  palm  from  all  his 
contemporaries.  Even  the  high-pressure  engine,  and  all  the  glory  of  its 
development,  was  then  within  his  reach ;  but  he  was  no  practical  me- 
chanic, and  his  thoughts  became  diverted  into  other  channels.    One  of  tlie 


*  It  is  itnpotflible  to  conteoifilate  the  variona  attempts  of  Papin  to  move  a  piston  \\y 
^mowp^erie  pressure,  without  noticing  the  analogy  between  his  contrivances  and  that  cf 
Guerricke,  and  without  thinking  that  Uie  apparatus  of  tliis  pJiilosopher  was  present 
tn  hi<i  mind 
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most  pleasing  and  honorable  circumstances  connected  with  the  history  cf 
Papln's  labors,  is  the  candid  admission  of  several  English  writers  of  hit 
great  merits,  and  their  generously  expressing  regret  that  his  attention 
should  have  been  diverted  when  he  was  so  near  realizing  the  most  splen- 
did reward.  His  name  is  however  inseparably  connected  with  the  steam- 
engine,  and  as  long  as  the  safety-valve  shall  be  used  the  world  will  be  his 
debtor. 

It  should  not  however  be  supposed  that  safety-valves  were  wholly  un- 
known before  Papin's  time ;  on  the  contrary,  they  were  frequently  used, 
although  this  fact  has  not  been  noticed  by  any  writer  on  the  steam- 
engine.  The  liability  of  stills  and  retorts  to  be  rent  asunder  led  old  che- 
mists to  apply  plugs  to  openings  in  those  vessels,  tliat  the  vapor  might 
raise  or  drive  them  out  and  e8cap<3  ere  its  tension  exceeded  the  strength 
of  the  vessels  :  such  were  the  plugs  in  ancient  steam  deities,  see  page  399. 
In  some  old  works  on  distilling,  conical  plugs  or  valves  are  shown  as  fitted 
into  cavities  on  the  tops  of  boilers,  and  m  some  cases  they  were  loaded. 
In  the  ** Maison  Rustiqv^  de  Maistres  Charles  Estienne  et  Jean  Liebault, 
Docteurs  en  Medecine,"  Paris,  1574,  folio  196,  197,  are  figures  of  iwo 
close  boilers  in  which  the  distilling  vessels  were  heated :  one  formed  a 
water,  the  other  a  vapor  bath.  On  the  top  of  each  is  a  conical  valve  open- 
ing upwards.  These  served  both  to  let  out  the  superfluous  steam  and  to 
introduce  water.  Qlauber,  who  contributed  several  valuable  additions  to 
the  mechanical  department  of  chemistry,  has  figured  and  described,  in  his 
Treatise  on  Philosophical  Furnaces,  the  modes  by  which  he  prevented 
glass  retorts  or  stills  from  being  burst  by  the  vapor.  A  long  stopple  or 
conical  valve  was  Rtted  to  the  neck  of  each,  being  ground  air-tight  to  its 
seat,  and  loaded  with  a  "  cap  of  lead,"  so  that  when  the  steam  became  too 
"  high  "  it  slightly  raised  the  valve  and  a  portion  escaped  ;  the  valve  then 
closed  again  of  itself,  *'  being  pressed  down  with  the  leaden  cap  and  so 
stopt  close."  (English  Translation,  Lond.  1651,  p.  306.)  The  valve  on 
Newcomen's  first  engine  was  of  this  description.  In  the  same  work  Glau- 
ber describes  the  most  philosophical  of  all  safety-valves,  viz.  a  column  of 
mercury  enclosed  in  a  bent  tube  which  communicates  with  the  boiler  or 
still,  somewhat  like  the  modern  mercurial  gauge.  He  also  describes  that 
beautiful  modiBcation  of  it  known  among  chemists  as  the  water  lute,  or 
quicksilver  lute :  that  is,  around  the  mouth  or  neck  of  a  vessel  a  deep 
cavity  is  formed  and  partly  filled  with  water  or  mercury,  as  the  case  may 
be.  A  cylindrical  vessel,  open  at  top  and  closed  at  bottom,  forms  the 
cover:  it  is  inverted,  tne  open  end  being  placed  in  the  cavity  and  dipping 
M  far  into  the  liquid  as  the  internal  pressure  may  require.  In  "  The  Art 
of  Distillation,  or  a  Treatise  of  the  choisest  Spagyrical  Experiments,"  &c. 
by  John  French,  Doctor  of  Physic,  Lond.  1651,  the  author  describes  the 
same  devices  for  preventing  the  explosion  of  vessels  as  those  mentioned 
by  Glauber.  Speaking  of  the  action  of  such  safety-valves  he  observes, 
(page  7)  "  upon  the  top  of  a  stopple  [valve]  there  may  be  fastened  some 
lead,  that  if  the  spirit  be  too  strong,  it  will  only  heave  up  the  stopple  and 
j(*t  it  fall  down  again."  Papin's  claim  therefore  is  not  to  the  valve  itself, 
but  to  its  improvement,  or  rather  to  the  mode  of  applying  it  by  means  of 
a  lever  and  moveable  weight ;  thereby  not  only  preventing  the  valve  from 
being  blown  entirely  out  of  its  place,  but  regulating  the  pressure  at  will, 
and  rendering  the  device  of  universal  application. 

It  was  not  till  some  years  after  Savery  had  introduced  his  steam  machine 
'..hat  Papin  proposed  the  following  one,  which  he  announced  in  a  work 
entitled  "  Nouvelle  maniere  pour  lever  Teau  par  la  force  du  feu,  mise  ei. 
lumiere.  par  M  D.  Panin,  Docteur  en  Med.  Prof,  en  Math^m.  a  Casei. 
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1707."     It  is  inserted  here  out  of  chronological  order,  to  keen  tlkia  nolict 
of  his  lubon  unbroken. 


A  copper  boiler.  A,  is  set  in  brick  work  and  fumiahed  with  a  lafmy- 
valve,  B,  whose  lever  is  loaded  with  the  weight  C.  The  stearn  pipe  and 
cock  D  connect  the  boiler  with  the  receiving  cylinder  F.  A  hollow  float 
or  piston  is  made  to  move  easily  in  F,  to  prevent  the  steam  from  coiiiiri^ 
in  contact  with  the  water.  A  cavity  is  made  in  this  float  for  the  reception 
of  an  iron  heater,  Z,  designed  to  keep  up  the  temperature  of  the  steum 
when  the  latter  is  admitted  into  F,  Iho  iieater  is  admitted  through  the 
opening  On  the  top  of  F,  which  is  closed  by  the  valve  G.  X,  a  funnel 
through  which  the  water  to  be  raised  is  introduced,  which  is  kept  from  re- 
turning by  closing  the  cock  or  valve  II.  The  lower  part  of  F  is  connected 
with  the  rising  main  R  by  a  curved  and  tapered  tube.  The  pipe  K  ter- 
minates in  a  reservoir  or  air  chamber,  whence  the  water  is  discharged  hy 
the  pipe  O  upon  an  overshot  wheel,  or  conveyed  to  the  place  where  ii  may 
bo  required.  If  the  receiver  be  charged  from  below,  a  suction  pi|>e  (im- 
perfectly represented  by  the  pipe  I)  was  continued  to  it  from  the  uml«r 
side  of  the  curved  pipe.  The  steam  flowing  through  the  pipe  D  presses 
down  the  piston,  and  the  water  beneath  it  is  forced  up  the  pipe  K,  (the 
valve  at  the  lower  part  of  K  preventing  its  return.)  When  tne  piston  has 
reached  the  bottom  of  F,  the  cock  D  is  shut  and  the  one  marked  E  is 
opened.  H  is  then  opened,  and  the  water  rushes  in  and  drives  up  the 
piston  OS  before,  when  the  operation  is  repeated.  Water  was  raised  by 
one  of  these  machines  to  an  elevation  nf  70  feet,  whence  it  descended  and 
formed  a  jet  d'eau  in  the  court  of  the  Hessian  Academy  of  Arts. 

Belidor  inserted  a  figure  and  description  of  this  machine  in  the  second 
volnina  of  his  Architecture  Hydrauli<]ue,  p.  338. 
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EsperimeDtart  eoot«Bp4»rai  /  with  Papin— Aavery—Thii  eofinaer  pablishM  bit  invention*— Ilii 
proj«;t  for  propdiinf  TftscaU-^idieule*  the  Purveyor  of  the  Navy  foropposinf  it— Hit  first  experimeuu 
an  ttuam  made  in  a  tavern-- Account  of  tliem  by  Deta^liert  and  Switzer — Savery't  firtt  eiiirine—- It* 
operation — Gnf  ine  with  a  tinf  le  receiver— Savery't  improved  engine  detcribed — Gauge  cockt— Excel- 
Unt  features  of  hit  Improved  engine— Itt  various  paru  connected  by  couplinf  tcrews — ^Had  no  safety- 
valve — Rejected  by  miners  on  account  of  the  danger  from  the  boilers  exploding — Solder  melted  by 
ttsam  Opinions  respecting  the  origin  of  Savery's  engine— It  bears  no  relation  to  the  piston  engine 
-•Modifications  of  Savery's  engine  by  Desaguliera,  Leopold,  Blakey  and  otbers^Rivatz — Engines  by 
Gensanno— De  Mount — De  Rigny — Francois  and  others — Amonton's  fire  mill — Newcomen  and  Cawley— 
Their  engine  superior  to  Savory's— Newcomen  acquainted  with  the  previous  experiments  of  Papin— 
Circumstances  favorable  to  the  introduction  of  Newcomen*s  engine— Description  of  it— Condensation  by 
injection  discovered  by  chance — Chains  and  Sectora '  flavory's  claim  to  a  share  in  Newcomeu'a  patent  an 
nqjust  one— Merits  of  Newcomen  and  Cawley. 

Both  phllosoohers  and  mechaiiics  were  engaged  in  experiments  on  air 
and  steam  macnines  about  the  same  time  as  Papin.  Of  these,  Savery, 
Amontons,  Newcomen  and  Cawlev  were  the  most  successful.  The  two 
last  named  have  not  generally  been  considered  so  early  in  the  field  ;  but, 
from  an  observation  of  Switzer,  such  appears  to  have  been  the  case.  As 
weekly  and  monthly  'Journals  of  Arts'  and  *  Mechanics*  Magazines'  had 
not  then  been  introduced,  those  who  were  disposed  to  communicate  their 
discoveries  to  the  public  had  no  appropriate  medium  for  doing  so,  except 
hy  a  separate  publication,  and  this  mode  but  an  exceedingly  small  number 
of  inventors  ever  adopted  :  hence  it  is  that  not  only  the  dates  of  several 
modern  inventions  are  uncertain,  but  numerous  devices  and  valuable 
floating  thoughts  have,  with  their  authors,  been  constantly  passing  into 
utter  oblivion.  The  history  of  steam  as  a  mechanical  agent  affords  signal 
proofs  of  the  advantages  of  inventors  recording  their  ideas  :  thus  the  name 
of  Decaus  had  long  been  forgotten,  when  an  old  tract  of  his  was  disco- 
vered containing  the  device  we  have  figured  at  page  410.  This  he  pro- 
bably considered  the  most  trifling  thing  in  his  book,  yet  on  account  of  it 
a  place  has  been  claimed  for  him  among  the  immortal  authors  of  the  steam- 
engine.  Moreland,  of  whose  speaking  trumpet  an  account  was  inserted 
in  the  six^h  volume  of  the  Philosophical  Transactions,  and  his  ideas  of  the 
power  required  to  force  water  to  different  elevations  in  the  ninth,  omitted 
to  publish  through  the  same  or  any  other  medium  a  description  of  his 
steam-engine ;  and  by  this  neglect  has  lost  a  large  portion  of  honor  that 
might  have  been  attached  to  his  name.  The  same  may  be  said  of  Garay, 
Ramseye  and  Worcester.  Savery,  however,  knew  better,  for  he  laid  his 
macliine  before  the  Royal  Society  and  got  it  noticed  in  their  Transactions ; 
and  when  he  had  subsequently  improved  it,  he  published  a  separate  ac 
count  with  illustrations ;  in  consequence  of  which  he  has  sometimes  been 
considered  the  author  aa  well  as  describer  of  the  first  working  steam- 
engine. 

Of  Savery's  personal  history,  less  has  transpired  than  of  either  More- 
land's  or  Worcester's.  He  evidently  was  a  man  of  great  energy,  who 
'nised  himself  from  obscurity  by  his  talents — a  self-made  man.  According 
t)  a  tra  lition  he  commenced  life  as  a  wo*'kine^  miner,  and  in  orocess  of  timo 
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became  an  engineer  and  thus  acquired  the  title  of  Capfain,  agreeably  to 
£i  custom  which  ia  said  still  to  prevail  among  the  Cortiish  miners.  He 
seems  to  have  acquired  a  competence,  if  not  wealth,  previous  to  the  com- 
mencement of  his  experiments  on  steam,  and  we  shall  6nd  that  he  was  as 
independent  in  his  spirit  as  in  his  purse.  Switzer,  who  was  intimately 
acquainted  with  him,  says  he  was  a  member  of  the  board  of  commissioners 
for  the  sick  and  wounded ;  but  this  was  probably  in  the  latter  part  of  his 
life,  and  subsequent  to  the  introduction  of  his  steam  machines. 

The  first  invention  of  Savery  that  we  meet  with  is  in  a  pamphlet  pub- 
lished by  him  in  1698,  on  the  propulsion  of  ships  in  a  calm.  His  plan 
consisted  of  paddle-wheels  to  be  worked  by  the  crew.  In  the  first  edition 
of  Harris's  Lexicon  Technicum,  A.  D.  1704,  there  is  a  description,  and  in 
the  second,  1710,  a  figure  of  Savery's  *' engine  for  rowing  ships.''  A 
horizontal  shaft  passes  through  the  vessel  between  decks,  and  to  each  end 
a  paddle-wheel  is  attached.  On  the  middle  of  the  shaft  is  a  pinion  or 
trundle  wheel,  and  underneath  a  capstan  upon  which  a  cog  wheel  is  fixed, 
whose  teeth  are  made  to  work  between  those  of  the  pinion.  A  number 
of  bars  are  arranged  in  the  capstan,  and  the  crew  were  to  apply  their 
strength  to  these  as  in  raising  an  anchor.  As  the  oflicers  of  the  admiralty 
after  examination  declined  to  adopt  it,  Savery  tells  them  he  had  two  other 
important  inventions,  which  he  would  not  disclose  until  they  did  him  jus- 
tice in  this  !  He  even  held  up  his  opponents  to  ridicule.  On  the  Surveyor 
of  the  Navy,  who  reported  against  the  adoption  of  his  plan  as  one  neither 
now  nor  useful,  he  was  very  severe.  At  that  time  large  wigs  were  com- 
monly worn,  and  Savery  gave  a  smart  rap  on  that  which  covered  the 
head  of  his  official  adversary.  "  It  is  [he  observed]  as  common  for  lies 
'ind  nonsense  to  be  disguised  by  a  jingle  of  words,  as  for  a  blockhead  to  be 
lid  by  abundance  of  peruke."  Had  Savery  been  of  a  timid  disposition, 
ive  should  probably  never  have  heard  of  him.  After  enduring  one  or 
I  wo  rebuffs  in  attempting  to  introduce  his  inventions,  he  would  have  re- 
tired and  sunk  unknown  into  the  grave,  like  thousands  of  inventors  before 
him. 

Of  the  few  incidents  preserved  respecting  his  private  life,  there  are  two 
from  which  it  seems  that  he  loved  a  glass  of  good  wine  and  a  pipe  of  to- 
bacco ;  and  that,  to  obtain  them,  he  was  in  the  habit  of  visiting  a  tavern. 
Let  not  those  who  eschew  such  things  complain  of  us  for  unnecessarily 
mentioning  them,  for  Savery's  first  experiments  on  steam  were  made  in  a 
bar-room,  with  a  wine  fiask  and  a  tobacco  pipe.  At  such  a  place  and  with 
such  implements  he  is  said  to  have  become  acquainted  with  the  principles 
of  his  famous  machine.  The  circumstance  has  not  been  commonly  known, 
•r  some  scientific  Boniface  would,  long  ere  now,  have  adojited  Savery's 
jead  for  a  sign ;  and  artists  would  have  made  him,  in  the  act  of  experi- 
menting, the  subject  of  a  picture.  There  is  a  rich  but  neglected  field  for 
historical  painters  in  the  facts  and  incidents  connected  with  the  origin  and 
development  of  useful  mechanism. 

According  to  Desaguliers,  Savery  declared  that  he  found  out  the  power 
of  steam  by  chance,  and  in  the  following  manner :  "  Having  drank  a  flask 
of  Florence  [wine]  at  a  tavern,  and  thrown  the  empty  flask  upon  the  fire, 
he  call'd  for  a  bason  of  water  to  wash  his  hands,  and  perceiving  that  the 
little  wine  left  in  the  flask  had  filled  up  the  flask  with  steam,  he  took  the 
liask  bv  the  neck  and  plunged  the  mouth  of  it  under  the  surface  of  the 
water  m  the  bason ;  and  the  water  of  the  bason  was  immediatelv  driven 
jp  into  the  flask  by  t?ie  pressure  of  the  air"*    This  illustration  of  the  ascent 


*  Ezper.  Philosophy,  edition  of  1744,  vol.  ii,  page  4G6. 
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el  irom  which  the  air  had  been  expelled  by  Btenm,  wu 
n  Savery'a  time,  although  it  appears  to  have  been  so 
ves  a  different  account.  "  The  first  hint  from  which 
:8  engine  was  from. a  tobacco  pipe,  which  he  imniera'd 
s  is  sometimes  done  :  he  discover'd  by  the  rarefaction 
e,  by  the  heat  or  steam  of  the  water  and  the  gravitation 
:terior  air,  that  the  water  was  made  to  sijring  through 
pipe  in  a  wonderful  surprising  manner."*  it  was  an  old 
practice  ot  veteran  smokers,  wlwri  their  (clay)  pipes  became  blackenec' 
through  use,  and  more  particularly  when  chokeu  or  furred  up,  to  place 
them  in  a  bright  fire  till  they  becnme  red  hot,  then  to  remove  and  allow 
them  tn  cool.  By  this  operation  they  were  whiteni^d  and  purified  like  the 
incombustible  cloth  of  the  ancients,  which  was  cleaneed  in  the  same  way. 
But  frequently  when  taken  from  the  lire  the  mouths  of  the  pipes  were 
plunged  slowly  into  water;  steam  was  thus  formed,  and  rushing  through 
IS  sometimes   preceded,   often   accompanied,   and   i 


of  water  into  a  v 
,if  course  not  ne 
to  him.  Switze 
it  is  said  he  took 
tn  wHsli  or  cool  i 
of  the  air  in  the 
or  impulse  of  thi 
the  tube  of  th. 


followed   by  jets  of  i 
from  obvious  ones,  for  the  liquid  iaa 
o  that  it  is  ditficuh  t 


rim  the  expenment. 
But  whatever  may  have  led  Sa 
"  inatured  his  i4eas  respecting  it 


percel ' 


dilierent  causes,  and  far 
through  tobacco  pipes  under  such 
hat  inference  Savery  drew 


ery  to  the  subject  of  steam,  he  had  so 
application  to  raise  water  as  to  erect 
several  engines,  and  to  secure  a 
patent  ae  early  as  169S.  In  June 
of  the  foilowint^  year  he  submitted 
a  working  model  to  the  Koyal  So- 
ciety, and  made  successful  experi- 
ments with  it  at  the  same  time.  A 
figure  of  this  engine  was  published 
in  the  Transactions  of  that  year,  and 
may  also  be  found  in  the  Rrst  volume 
of  Lowtbnrp's  Abridgment.  No. 
193  is  a  copy.  It  consisted  of  a 
close  boiler,  B,  set  in  a  bnck  furnace 
A,  and  two  receivers  D  D  support- 
ed on  a  stand,  and  made  of  strong 
copper  and  air-tight.  Asuctionpipe 
whose  lower  end  descends  into  a 
well,  or  other  place  whence  water 
is  to  be  raised,  (which  may  be  about 
21  feet  below  D  D)  and  whose  up- 
per part,  divided  into  two  branches, 
communicates  with  the  top  of  the 
receivers.  Each  branch  is  furnished 
with  a  valve  at  £  E,  opening  up 
wards,  to  prevent  the  water  from 
returning  when  once  raised.  The 
lowerpart  of  the  forcing  pipe  G  has 

also  two  branches,  F  F,  which  communicate  with  the  botlom  of  the  receivers, 

and  these  branches  have  also  valves,  E  E,  like  the  others  opening  upwards. 

Each  receiver  has  a  communication  with  the  upper  part  of  the  boiler  by 

steam  pipes  and  cocks  C  C 

The  operation  was  as  follows ; — The  boiler  was  two  thirds  Riled  witii 

■  HydDMlslics,  edition  of  1729,  page  335. 
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water,  a  An  made  undt! 
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•ho  air  previoualv  withii 
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•n  contact 

the  lower  end  of  the  sue 
pressure  [if  the   atmosphi 
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I  raised.     One  of  the  cocks  wai 

passing  through  filled  the  receiver  by  driving 
ito  the  forcing  pipe  :  the  cuck  was  then  closed, 
leiver  spon  became  condensed  by  the  cold  air 
lurface,  or  by  pouring  cold  water  upon  it  i 
d  within,  and  consecjuently  the  water  in  which 
\  pipe  wtts  iramersed  was  driven  up  by  the 
HO  as  to  fill  the  void.  When  this  had  taken 
in  opened,  and  the  steam  rushing  in  urged  by 
f  the  receiver  up  the  forcing  pipe.  In 
alternately   raised  into   and   expelled   from   both 


fL 

this 

As  a  practical  miner,  and  consequently  conversant  with  the  subject  of 
raising  water  on  a  large  scale,  Savery  was  belter  (]ualitied  to  carry  bis 
views  into  operation  than  a  mere  philosopher.  His  first  essay  in  employing 
steam  was  a  proof  of  this.  "  1  have  heard  him  say  myself  [observes  SwitzerJ 
that  the  very  first  time  he  play'd,  it  was  in  a  potter's  house  at  Lambeth, 
where  tho'  it  whs  a  small  engine,  yet  it  [the  water]  forc'd  its  way  through 
ihe  roof,  and  struck  up  the  tiles  in  a  manner  that  surpris'd  all  the  apectatora." 


N0.IM.    Sinrr'i  Sinfk  { 


No.  194  represents  an 

It  Kensington.     A  descnpuon  of  it 

n  his  "  New  Improvements  of  Planting 
and  described  by  Switzer,  who  exa- 
and  best  proportlon'd  of  any  "  he  had 
roportionsUy  grealer  that 


Sometim 
ensine  of  this  kind,  erectei^   by  bin 
was  first  published  by  Mr.  Bradley  iz 
and  Gardening."      It  is  also  ngui     ' 
mined  it  and  thought  it  "  the  plai 
seen.     Its  effects  were  considere 

two  recei'/ers.  C,  a  spherical  boiler  of  the  capacity  of  forty  gallonj 
charged  through  the  tunnel.  B,  the  receiver,  which  held  thirteen  gallons 
A,  the  suction  pipe,  sixteen  feet  long  and  three  inches  bore.  D,  tlie  forc- 
ing pipe,  of  the  same  bore  and  forty  two  feet  long.  A  valve  opening 
upwards  waa  placed  in  A,  and  another  at  the  lower  part  of  D,  at  H.  E, 
the  sieam  pipe,  an  inch  in  diameter.  G,  a  sliding  valve  or  cock,  furnished 
with  a  lever  handle.     F,  a  cock  in  the  forcing  pipe,  to  admit  cold  watei 
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to  flow  upon  the  receiver.     A  pipe  attached  to  the  tunnel  clescended  into 
the  boiler  and  served  the  |iurpose  of  a  gauge  cock. 

The  operation  will  be  understood  from  the  description  of  figure  No.  193. 
By  turning  the  handle  of  G  steam  is  admitted  into  B,  and  as  soon  as  the 
air  is  expelled  from  die  latter,  G  is  closed  and  F  opened ;  the  affusion  of 
cold  water  (see  the  figure)  quickly  condenses  the  contained  vapor,  and 
hence  the  receiver  becomes  charged  with  water  by  the  pressure  of  the 
atmosphere  through  the  suction  pipe  A.  F  is  then  shut  and  G  opened, 
when  the  steam  issuing  from  the  boiler  displaces  the  water  from  the  re- 
ceiver, and  having  no  other  way  to  escape  the  liquid  is  driven  up  the  pipe 
D  into  tho  reservoir  prepared  to  receive  it.  As  soon  as  all  the  water  is 
expelled  from  the  receiver,  (which  was  kn^wii  by  applying  the  hand  to 
the  lower  part,  for  it  would  be  hot)  G  is  dhut  and  F  again  opened,  when 
the  operation  is  repeated  as  before. 

"When  this  engine  begins  to  work  [says  iS^^ilzer]  you  may  raise  four  of 
the  receivers  full  in  one  minute,  which  is  fifty  two  gallons,  [less  the  quan- 
lUies  drawn  from  F  for  the  purposes  of  condensation] — and  al  that  rale  in 
4.^1  hour's  time  may  be  flung  up  3120  gallons.  The  prime  cost  of  sue? 
an  engine  is  about  fifty  pound,  as  I  myself  have  had  it  fmm  the  ingenious 
author's  own  mouth.  It  must  be  noted  that  this  engine  is  but  a  small  one, 
in  comparison  of  many  others  of  this  kind  that  are  made  for  coal-works ; 
but  this  is  sufHcicnt  for  any  reasonable  family,  (^nd  other  uses  required  for 
it  in  watering  all  middling  Gardens." 

Here  is  no  provision  made  to  repleiil'h  the  boiler  with  water  except 
through  the  tunnel :  hence  the  working  c-f  the  machine  had  to  be  stopped, 
and  the  steam  within  the  boiler  allowed  to  escape,  before  a  fresh  supply 
could  be  admitted.  Under  such  circumstances  the  boilers  were  very 
liable  to  become  injured  by  the  fire  when  the  water  became  low.  They 
were  also  exposed  to  destruction  from  another  cause,  tho  force  of  the 
steam;  for  they  had  no  safety-valves  to  regulate  it,  and  hence  the  necessity 
Df  the  follo>^'ing  instructions :  **  When  you  have  rais'd  water  enough,  and 
you  design  to  leave  off  working  the  engine,  take  away  all  the  fire  from 
under  the  boiler,  and  open  the  cock  [connected  to  the  tunnel]  to  let  out 
the  steam,  which  would  otherwise,  was  it  to  remain  confin'd,  perhaps 
burst  the  engine*' 

Savery,  from  his  profeuion,  was  aware  of  the  want  of  an  improved 
mode  of  draining  mines.  The  influence  of  the  useful  arts  in  enriching  a 
nadon  was  then  beginning  to  be  understood.  A  stimulus  was  imparted  to 
manufactures,  and  the  demand  for  coal  and  the  ores  of  England  rapidly 
increased.  As  a  necessary  consequence  the  depth  of  the  mines  increased 
also ;  and  hence  proprietors  became  anxious  to  possess  some  device  for 
clearing^  them  of  water,  and  by  which  the  old,  inefficient  and  excessively 
expensive  horse-gins  and  buckets  might  be  dispensed  with.  The  cost  of 
drainage- was  so  great  in  some  mines,  that  their  produce  hardly  equalled 
the  cost  of  working  them :  in  one  mine  five  hundred  horses  were  constantly 
employed.  Numerous  novel  projects  had  been  tried  and  abandoned : 
what  they  were  we  are  not  informed,  but  as  Ramsey e  and  Worcester  and 
probably  others  had  proposed  ^re  machines  for  the  purpose,  steam  had 
probably  boen  tried  in  some  way  or  other  and  had  failed.  Having  greatly 
improved  his  machine,  Savery  published  an  account  of  it,  illustrated  with 
engravings,  in  a  pamphlet  entitled  The  Minrr'g  Friend  ;  or  a  Description 
of  an  Engine  for  Raising  Water  by  Fire,  with  an  Answer  to  the  Objections 
against  it.  London,  printed  for  S.  Crouch,  1702.  In  his  address  he  beg 
proprietors  not  to  let  the  failure  of  other  plans  prejudice  them  against  the 
1  rial  of  his.   "  Its  power  [he  observes]  is  m  a  manner  i rnn;fH  and  unliniitcd 
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and  will  dr&w  you  water  500  or  a  1000  feet  hig^'  were  any  pit  to  deep 
-  •  •  -  -  I  dare  undertake  that  this  engine  shall  raise  you  as  much  water 
for  eight-pence,  as  will  cost  you  a  shilling  to  raise  the  like  with  your  old 
engines."  The  original  figures  in  the  Miner's  Friend  were  inserted  in 
Hiirris's  Lexicon  Technicum,  in  1704,  and  copied  into  Switzer's  Hydro- 
statics in  1729,  and  by  Desnguliers  in  his  Experimental  Philosophy  in  1744, 
(which  worlw  are  before  us)  and  a-jbsequently  into  altnost  every  treatise 
on  the  steam-engine.  No.  190  is  a  reduced  copy  :  ihe  figure  of  the  firo 
man  is  an  addition. 


A  detailed  description  of  this  elegant  apparatus  is  not  necessary,  tines 
its  operation  will  be  understood  from  the  explanation  of  the  two  preceding 
machines.  It  ia  substantially  the  same  as  No,  193,  except  that  this  one 
has  iipo  boilers,  which  are  heated  by  separate  furnaces,  G  H.  The  addi 
lional  boiler  G  was  designed  merely  to  supply  the  other  with  hot  water, 
and  need  not  'herefore  divert  the  attention  of  the  reader  in  realizing  the 
working  of  the  edSRntial  parts.  The  upper  end  of  the  suction  pipe  flhowi. 
at  the  mouth  of  the  pit  consists  of  (wo  branches,  which  are  connected  to 
■imilar  branches  on  tVe  lower  pari  of  the  forcing  pipe  N.  The  suctiua 
valves  are  at  B  A,  and  the  forcing  ones  at  E  F,  all  opening  upwarda 
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Between  these  valves  two  short  curved  tubea  connect  the  bottoms  of  the 
receivers  I  M  with  the  branches,  as  represented,  and  two  other  bent  tubes, 
P  Q,  unite  the  top  of  the  receivers  with  the  boiler  H.  On  the  top  of  this 
ooiler,  and  forming  a  part  of  it,  is  a  stout  round  plate,  having  two  openings 
of  the  same  size  as  the  bore  of  the  tubes  last  mentioned.  In  these  open- 
ings the  two  steam  tubes  P  Q  terminate.  Between  the  openings,  and 
on  the  under  side  of  the  plate,  is  a  moveable  disk,  which  by  a  short  arm 
is  connected  to  an  axle  and  moved  by  the  long  lever  shown  on  the  top  of 
the  boiler ;  so  that  by  moving  this  lever  the  disk  can  be  made  to  close 
either  opening,  so  as  to  admit  or  exclude  steam  from  the  receivers,  and 
answering  every  purpose  of  a  three-way  cock.  It  is  made  somewhat  on 
the  plan  of  the  one  in  No.  189,  page  421.  The  face  of  the  disk  is  ground 
smooth,  so  as  to  fit  close  to  the  under  side  of  the  plate,  against  which  it  is 
pressed  by  the  steani.  The  perpendicular  axle  by  which  the  disk  is  turned 
passes  through  the  plate,  and  tbe  opcr?ing  is  made  tight  by  a  stuffing  box 
(The  plate  and  moveable  disk  are  represented  in  the  small  figure  at  the  top, 
one  of  the  openings  being  covered  by  the  disk  and  the  other  exposed.) 
A  small  cistern,  U,  is  placed  over  the  receivers,  and  kept  supplied  with 
cold  water  from  the  forcing  pipe  by  means  of  a  ball  cock,  viz.  a  cock 
that  is  opened  and  shut  by  a  ball  floating  in  the  cistern.  From  the  bottom 
of  this  cistern  a  short  pipe,  T,  proceeds;  and  to  it  is  connected,  by  a  swivel 
joint  or  stuffing  box,  another  one  at  rieht  angles.  This  pipe  furnishes 
water  to  condense  the  steam  in  the  receivers,  over  both  of  which  it  can  be 
moved  by  the  rod  attached  to  the  plug  of  the  cock  as  shown  in  the  figure. 
The  upper  cistern  denotes  the  place  where  the  water  raised  by  the  engine 
is  to  be  discharged. 

A  communication  is  made  between  the  boilers  by  a  siphon  or  bent  tube, 
R,  whose  legs  extend  nearly  to  the  bottom  of  the  boilers.  In  the  leg 
within  the  small  boiler  is  a  valve  opening  upwards,  which  permits  the 
water  of  G  to  pass  into  H,  but  prevents  any  returning  from  the  l&tter. 
When  the  attendant  wishes  to  inject  into  H  a  fresh  supply  of  water,  he 
increases  the  little  fire  kept  up  under  the  boiler  G,  (which  is  always  kept 
supplied  with  water  by  the  pipe  S,)  and  as  soon  as  the  liquid  boils  and 
the  force  of  the  steam  exceeds  that  in  H,  the  contents  of  G,  both  steam 
and  hot  water,  are  forced  through  the  valve ;  and  thus  H  is  kept  supplied 
without  the  action  of  the  machine  being  stopped.  The  cock  on  the  pipe 
S  is  then  opened,  the  small  boiler  again  charged,  and  the  water  becomes 
gradually  heated ;  so  that  by  the  time  it  is  wanted  in  the  other  boiler,  a 
small  addition  to  the  fuel  quickly  raises  its  temperature,  and  it  is  again 
forced  in  as  before. 

The  quantity  of  water  in  the  boilers  was  ascertained  by  gauge  cocks. 
These  were  inserted  at  the  top,  (see  figure)  and  pipes  soldered  to  them 
descended  to  different  depths.  The  principal  boiler  had  two  of  these,  the 
other  but  one. 

The  general  arrangement  of  this  engine  and  the  adaptation  of  its  vanouM 
parts  to  each  other  are  admirable,  and  could  hardly  be  improved.  The 
obviously  good  workmanship — the  i(nproved  form  of  the  receivers — and 
the  connection  of  these  with  the  boilers  and  pipes,  and  the  latter  with  each 
other,  by  coupliTtg  screws,  thus  securing  easy  access  to  the  valves — are 
high.y  creditable  to  Savery  and  the  workmen  he  employed.  Every  part 
was  made  of  the  best  materials.  The  cocks,  coupling  screws,  regulator, 
valves,  and  all  the  pipes  immediately  connected  with  them,  were  of  brass; 
while  the  boilers,  receivers  and  suction  pipes  were  of  **  the  best  hammered 
copper,  of  sufficient  thickness  to  sustain  the  force  of  the  workinsf  engine ; 
n  ihort,  [continues  the  inventor]  the  engine  is  so  nat  jrally  adapted  tc 
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perform  what  ia  required,  that;  even  those  of  the  most  ordinary  and  meanest 
capacity  may  work  it  for  some  years  without  injury,  if  not  hired  o»"  em- 
ployed by  some  base  person  on  purpose  to  destroy  it ;" — that  is,  by  inat- 
tention or  design  to  permit  steam  to  accumulate  within  the  boilers  till  they 
were  burst.  Some  device  to  prevent  this  was  wanting,  viz.  a  safety-valve 
or  something  analogous  to  it ;  and  it  is  astonishing  tliat  he  never  thought 
of  such  a  thing,  but  permitted  his  machine  for  lack  of  it  to  fall  into  dis- 
repute. 

The  miners  could  not  be  induced  to  adopt  it,  in  consequence  of  the 
danger  of  explosion.  '*  Savery  [says  Desaguliers]  made  a  great  many 
experiments  to  bring  this  machine  t>  peribcdon,  and  did  erect  several, 
wliich  raised  water  very  well  for  gentlemen's  seats,  but  could  not  succeed 
for  mines,  or  supplying  towns  where  the  water  was  to  be  raised  very  high 
and  in  great  quantities;  for  then  the  stoaiii  required  being  boiled  up  to 

such  a  strength,  as  to  be  ready  to  tear  all  the  vessels  to  pieces. - 

I  have  known  Captain  Savery  at  York's  Buildinc^s  make  steam  8  or  10 
times  stronger  than  common  air ;  and  then  its  heat  was  so  great,  that  it 
would  melt  common  solder,  and  its  strength  so  gtaat  as  to  blow  open 
several  of  the  joints  of  his  machine ;  so  that  he  was  forced  to  be  at  the 
pains  and  charge  to  have  all  his  joints  soldered  with  spelter  or  hard  solder." 
Ex.  Philos.  ii,  467. 

There  has  been  much  discussion  respecting  the  origin  of  this  famous 
engine ;  some  writers  contending  that  it  was  wholly  Savery's  own,  others 
that  he  derived  it  from  one  of  Worcester's,  or  from  the  Century  of  In- 
ventions. Desaguliers  asserts  that  Savery,  to  conceal  its  origin,  '*  bought 
up  all  the  Marquis  of  Worcester's  books  that  he  could  purchase  in  Pater- 
noster Row,  and  elsewhere,  and  burn'd  'em  in  the  presence  of  tne  gentle- 
man his  friend,  who  told  me  this."  But  as  Savery  denied  being  indebted 
to  any  one  for  it,  and  as  he  was  certainly  a  man  of  great  mechanical  genius, 
it  is  probable  that  the  doctor  was  imposed  upon  by  his  informant.  It  is 
not  likely  that  Savery  would  have  committed  such  an  act  in  the  presence 
of  a  witness,  when  there  was  not  only  no  necessity  for  one,  but  every 
possible  inducement  for  secrecy.  Many  years  before  the  publication  of 
this  charge  by  Desaguliers  (in  1744)  the  opinion  was  prevalent  that  the 
machine  was  not  original  with  Savery.  In  1729  Switzer  remarks,  "others 
say  that  the  learned  Marquis  of  Worcester,  in  his  Century  cf  Inventions, 
which  book  I  have  not  seen,  gave  the  Brst  hint  for  this  raising  of  water.'* 
(Hydr.  325.)  Dr.  Hutton,  in  his  Math.  Dictionary,  asserts,  though  on  what 
authority  we  know  not,  that  Savery  knew  more  of  Moreland's  experiments 
than  he  was  willing  to  acknowledge ;  and  Desaeuliers  maintains  that  h(» 
invented  the  story  of  the  experiment  with  the  wine  flask  "  to  make  people 
believe  that  he  had  not  got  the  idea  from  Worcester's  Century  of 
Inventions." 

In  reply  to  the  above  it  may  be  remarked,  that  independently  of  thohe 
coincidences  of  thought  that  always  have  and  will  happen  to  inventory, 
there  are  circumstances  which  strongly  corroborate  Savery's  own  account 
In  the  first  place,  the  experiment  with  the  wine  flask  was  one  very  likely 
to  occur  in  the  manner  he  has  mentioned,  and  to  a  mind  like  his  would 
naturally  lead  to  a  practical  application  of  it.  His  thoughts,  we  are  told. 
"  were  always  employed  in  hydrostatics  or  hydraulics,  or  in  the  improve- 
ment of  water-works."  Then  there  is  no  evidence  that  he  was  much  of 
a  reader :  had  he  been  conversant  with  books,  he  would  not  have  proposed 
the  propulsion  of  vessels  with  paddle-wheels  as  veto.  Thece  occurred  to 
him  as  they  have  done  to  thousands  in  every  age  when  devising  njeans  to 
increase  the  speed  of  boats ;  and  so  it  may  have  been  with  his  ste  im  mur 
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chine:  a  device  like  it  would  naturally  be  the  result  of  the  Lxueu-imcnt 
with  the  wine  Bask,  and  even  without  it,  when  hia  thoughts  were  once 
directed  to  raising  water  by  steam.  Moreover,  Savery  was  ignorant  <>f 
the  safety-valve,  the  very  thing  wanted  to.  remove  the  most  formidable 
objection  to  his  machine ;  and  yet,  as  we  have  shown,  he  might  have 
found  it  in  some  popular  works  on  chemistry  and  distillation, — besides 
which,  Papin*8  improved  application  of  it  had  been  published  several 
years.  (The  single  machine  figured  No.  194  was  erected  by  Savery 
himself  as  late  as  1711  or  '12,  and  it  had  no  safety-valve.) 

But  whether  he  derived  the  liint  from  Worcester  or  not,  he  is  entitled 
to  all  the  honor  he  has  received.  He  was  the  first  effectually  to  introduce 
the  device,  and  the  first  to  publish  a  description  of  it  in  detail.  He  con- 
cealed nothing,  but,  like  a  sensible  and  practical  man,  explained  the  whole, 
and  left  it  to  its  own  merits.  No  one's  claims  to  a  place  in  the  history  of 
the  steam-engine  were  better  earned,  whether  he  be  considered  the  r^in 
ventor,  or  improver  only  of  Worcester's  68th  proposition.  There  are 
several  points  of  resemblance  in  the  characters  of  Savery  and  Oliver  Evans. 
By  their  energy  and  indomitable  perseverance  thcyjbrned  their  inventions 
into  public  noace  in  spite  of  public  apathy,  and  so  worked  their  way  into 
the  temple  of  honorable  fame.  Both  published  curious  pamphlets,  that 
will  preserve  their  names  and  inventions  from  oblivion. 

But  Savery's  steam-engine  does  not  belong  to  the  same  family  as  the 
modern  one,  nor  can  he  be  said  to  have  contributed  to  the  invention  of  the 
latter,  except  so  far  as  making  his  contemporaries  more  familiar  with  the 
mechanical  properties  of  aqueous  vapor.  'Tis  tnie  he  employed  this  fluid 
in  close  vessels,  and  so  far  he  succeeded ;  but  his  ideas  seem  to  have  been 
wholly  confined  to  its  application  to  raise  water,  and  in  the  mcst  direct 
manner — Whence  he  never  thought  o£jnstons.  Had  he  turned  his  attention  to 
impart  motion  to  one  of  these,  he  would  have  left  little  for  his  successors 
to  do ;  but  as  it  was,  he  did  not  lead  engineers  any  nearer  to  the  piston 
engine.  He  proposed  to  propel  machinery  by  discharging  the  water  he 
raised  upon  an  overshot  wheel ;  hence  his  patent  was  **  for  raising  water, 
jind  occasioning  motion  to  all  sorts  of  mill  work."  But  this  was  obviously 
m  afterthought,  an  accidental  result,  rather  than  one  originally  designed 
of  looked  for.  A  piston  and  cylinder  only  could  have  given  his  machine 
•  permanent  place  in  the  arts,  either  as  a  hydraulic  or  a  motive  one.  He 
accompliAhed  almost  all  that  could  be  realized  without  them.  The  most 
splendid  taler.ts  of  the  present  times  could  have  done  little  more.  Papin 
SDandoned  the  piston  and  cylinder,  and  in  doing  so  quenched  a  halo  of 
glory  that  would  havo  shone  round  his  name  for  ever ;  and  Savery,  for 
want  of  them,  notwithstanding  his  ingenuity,  perseverance  and  partial 
success,  lived  to  see  his  device  in  a  great  measure  laid  aside.  Savory 
died  about  the  year  1716. 

As  Savery's  engine  bcame  known,  several  additions  to  and  modifica- 
tions of  it  were  proposed.     A  few  of  these  may  be  noticed  : — 

Lirs.  Desaguliers  and  Gravesande,  from  some  experiments,  concluded 
that  single  engines  were  more  economical  than  double  ones — a  single 
receiver  being  "  emptied  three  times  whilst  two  succeeding  ones  fof  a 
double  engine]  could  be  emptied  but  once  a  piece."  Of  single  engines 
Desarulidrs  erected  seven  between  the  years  1717  and  1744.  "The  first 
was  for  the  late  Czar,  Peter  I,  for  his  garden  at  Petersburgh,  where  it 
was  set  up  The  boiler  of  this  engine  was  spherical,  (as  they  must  all  be 
m  this  way,  when  the  cteam  is  much  stronger  than  air)  and  held  between 
live  and  six  hogsheads;  and  the  receiver  held  one  hogshead,  and  was 
6hed  and  emr>^.cd  four  times  in  a  minute.     The  water  was  drawn  no  bv 
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suction  or  the  pressure  of  the  atmosphere  29  feet  high,  out  of  a  well,  and 
then  pressed  up  11  feet  higher.  Another  engine  of  this  sort  which  I  put 
up  for  a  friend  about  five  and  twenty  years  aeo,  [1719J  drew  up  the  water 
29  feet  from  the  well,  and  then  it  was  forced  up  by  the  pressure  of  the 
neam  24  feet  higher,"  &c.  But  these  **  improved  "  engines  differed  in 
reality  but  little  from  Savery's  single  one.  No.  194.  Desaguliers  furnished 
his  boiler  with  Papin*s  steelyard  sa£bty- valve ;  a  three-way  cock  alternately 
admitted  steam  into  the  receiver  and  water  from  the  forcing  pipe  to  con- 
dense it :  in  other  respects  the  eneines  were  much  the  same.  Savery 
made  no  provision  to  secure  his  boilers  from  being  exploded ;  but  the 
safety-valve  was  not  always  a  preventive  in  former  times,  any  more  than 
at  present.  "  About  three  years  ago  [says  Desaguliers]  a  man  who  was 
entirely  ignorant  of  the  nature  of  the  engine,  and  without  any  instructions, 
undertook  to  work  it ;  and  having  hung  the  weight  at  the  farther  end  of 
the  steel-yard,  in  order  to  collect  more  steam  to  make  his  work  the  quicker, 
he  hung  also  a  very  heavy  plumber's  iron  upon  the  end  of  the  steel-yard : 
the  consequence  prov'd  fatal,  for  after  some  time  the  steam,  not  being  able 
with  tlie  safety-clack  to  raise  up  the  steel-yard  loaded  with  all  this  unu- 
sual weight,  burgt  the  boiler  with  a  great  explosion,  and  kill'd  the  poor 
man."     Exp.  Philos.  ii,  489. 

In  a  double  engine  by  Leopold.  A.  D.  1720,  the  receivers  were  placed 
below  the  water  thoy  were  to  raise :  hence  the  principle  of  condensation 
was  not  required — for  as  soon  as  the  steam  expelled  the  contents  of  a  re- 
ceiver, a  communication  was  opened  between  the  upper  part  of  the  latter 
aud  the  atmosphere,  so  as  to  allow  the  steam  to  esca(>e  and  a  fresh  supply 
of  water  to  enter  below.  He  produced  a  rotary  movement  by  discharging 
the  water  into  the  buckets  of  a  water-wheel. 

When  steam  is  admitted  into  a  receiver,  a  portion  is  immediately  con 
denied  by  the  low  temperature  of  the  vessel  and  the  cold  water  within ; 
so  that  not  till  a  film  or  thin  stratum  of  hot  water  is  thus  formed  on  the 
surface,  can  the  full  force  of  the  vapor  be  exerted  in  expelling  the  contents. 
This  waste  of  steam  is  not  however  so  great  as  might  be  imagined,  because 
the  water  with  which  it  comes  in  contact  still  remains  on  the  surface, 
having  become  lighter  than  the  mass  below  by  the  accession  of  heat,  and 
consequently  preventing  the  heat  from  descending :  yet  various  attempts 
wore  made  to  interpose  some  non-conducting  substance  between  the  steam 
and  the  water.  Papin,  as  we  have  seen,  used  a  floating  piston.  In  1766, 
Mr.  Blakey,  an  enterprising  English  mechanic,  took  out  a  patent  for  the 
application  of  a  stratum  of  oil  or  air.  To  use  these  he  made  some  corres- 
ponding alterations  in  the  receiver;  but  the  advantages  were  not  so  great 
as  had  been  expected.  Blakey  also  introduced  a  new  boiler,  consisting 
of  tubes  or  cylinders  completely  filled  with  water  and  imbedded  in  the 
fire.  It  caused  considerable  excitement  among  scientific  men,  but  the 
danger  arising  from  them,  and  the  explosion  of  one  or  more,  caused  them 
to  be  laid  aside.  He  spent  several  years  in  France,  where  he  erected 
some  of  his  engines.  He  wrote ^on  several  subjects  connected  with  the 
arts.  There  is  a  copious  and  interesting  extract  from  his  Dissertation  on 
the  Invention  and  Progress  of  Fire  Machinery,  in  the  Gentlemen's  Maga- 
sine  for  1792,  page  502. 

Other  modifications  of  Savery's  engine  were  made  previous  to  and 
about  Blakey's  time,  of  which  no  particular  accounts  are  now  extant.  In 
his  Comparisons  of  French  and  English  Arts,  (article  Horology)  Dldkey 
says,  "About  174S  another  Swiss,  named  Ricatz,  appeared  in  Pai-ls : 
he  understood  all  the  known  principles  and  methods  for  regulating  time  in 
Aqual  parts,  to  which  he  added  others  of  his  invention. Ami  1 
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can  say  without  pretenG.ng  to  prejudice  any  one's  merit*  that  I  never 
met  with  any  French  or  English  man  who  had  so  much  ingenuity  and 
knowledge  in  mcoLanical,  hydraulic,  ^re  mac/iinerj/  princ^Ies,  &c.  as  Ri 
vatz."  (Gent.  Mag.  1702,  page  404.) 

In  1734  M.  Gensanne,  a  French  gentleman,  made  some  improvements 
on  Savery's  engine,  and  by  additional  mechanism  rendered  it  self-acting. 
The  alternate  descent  of  two  vessels  of  water  opened  and  closed  the 
cocks,  on  much  the  same  principle  as  that  exhibited  in  Fludd's  pressure 
engine,  page  354.  (Machines  Approuvees,  tome  vii,  222.)  In  1740  M. 
De  Moura,  a  Portuguese,  accomplished  the  saihe  thing  by  the  ascent  and 
descent  of  a  copper  ball  or  float  within  the  receiver ;  but  the  device  was 
too  complicated  for  practical  purposes.  It  is  figured  and  described  by 
Smeaton  in  the  Philosophical  Transactions,  vol.  xlvii,  437,  in  the  Supple- 
ment to  Harris's  Dictionary  of  the  Arts,  and  in  other  English  works,  in 
1766,  Cambray  de  Rigny,  an  Italian,  made  some  additions  to  Savery's 
engine  so  as  to  make  it  in  a  great  measure  independent  of  manual  assistance. 
Professor  Fraiicois,  of  Lausanne,  having  been  oonpulted  respecting  the 
draining  of  an  extensive  marsh  between  the  lakes  Neuchatel,  Bienne  and 
Morat,  adopted  a  fire  engine  on  Savory's  plan,  and  which  he  made  self- 
acting  by  a  more  simple  device  than  either  of  the  preceding.  A  descrip- 
tion and  good  figure  of  his  machine  may  be  seen  in  the  fourth  volume  of 
the  Repertory  of  Arts,  (1794)  page  203.  Nuncarrow's  improvement  on 
Savery's  is  described  in  the  American  Phil.  Transactions,  vol.  i,  209,  in 
'J'illocn's  Phil.  Mag.  vol.  ix,  300,  and  in  Galloway's  History  of  the  Steam- 
Engine.  An  Enghsh  patent  was  issued  in  1S05  to  James  Boaz,  and  an 
other  in  1819  to  Mr.  Pontifex,  both  for  improvements  on  Savory's  engine. 
For  further  information  see  the  Repertory  of  Arts,  Nicholson's  Jou-nal, 
vol.  i,  419,  and  the  Journal  of  the  Franklin  Institute. 

"  A  commodious  way  of  substituting  the  action  of  fire  instead  of  the 
force  of  men  and  horses  to  move  machines,"  was  proposed  in  1699,  by  M. 
Amontons,  one  of  the  earliest  and  most  useful  members  of  the  French 
Academy  of  Sciences.  He  named  his  machine  ajlre  mill.  It  resembled 
a  large  wheel,  supported  on  a  horizontal  axis,  but  was  composed  of  two 
concentric  hollow  rings,  each  of  which  was  divided  by  partitions  into  a 
dozen  separate  cells.  The  small  or  interior  ring  was  at  a  considerable 
distance  from  the  axis,  and  the  cells  communicated  with  each  other  through 
openings  made  in  the  partitions  and  covered  by  valves  or  clacks.  The 
cells  of  the  exterior  rings  had  no  communication  with  each  other,  but  a 
pipe  from  each  connected  them  with  the  inner  ones.  The  'outer  cells 
contained  air,  and  about  one  half  of  the  inner  ones  contained  water.  The 
object  was  to  keep  this  water  always  on  one  side,  that  its  weight  might 
act  tangentially,  and  so  cause  the  wheel  to  revolve,  and  the  machine  con- 
nected to  it.  A  furnace  was  built  close  to  a  portion  of  the  periphery,  and 
the  lower  part  of  the  wheel  was  immersed  in  water,  to  a  depth  equal  to 
that  of  the  exterior  cells.  When  the  fire  was  kindled,  the  air  in  the  cell 
against  which  the  flame  impinged  became  rarefied,  and,  by  means  of  a 
pipe  communicating  with  an  inner  cell  below  t/ie  axle,  forced  the  water 
contained  in  that  cell  into  an  upper  one.  This  caused  that  side  of  the  wheel 
to  preponderate,  which  brought  another  air  cell  in  contact  with  the  fire, 
and  the  fluid  becoming  expanded  bv  the  heat  forced  up  the  contents  of 
another  of  the  inner  cells  into  a  higher  one,  as  before  :  in  this  way  every 
part  of  the  periphery  of  the  wheel  was  brought  in  succession  in  contact 
with  the  fire,  and  the  water  in  the  inner  cells  kept  constantly  rising  on  * 
one  side  of  the  wheel,  thus  causing  the  latter  to  revolve.     The  air  in  thn 
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outer  cells  was  cooled  as  they  passed  through  the  water  in  which  the 
Aower  part  of  the  wheel  dipped. 

This  device  of  Amontons  is  rather  an  air  thfir.  a  steam  machine.  It 
hardly  belongs  to  this  part  of  our  subject;  bu<.  as  it  may  be  considered 
the  type  of  most  of  the  steam  "vLdels  subsequencly  brought  forward,  we 
have  been  induced  to  notice  \c  here.  As  a  iheoretica]  device,  it  is  highly 
meritorious,  but  as  a  practical  op8,  of  little  value.  There  is  in  Marty  n  and 
Chambers's  abridged  Histor^j  of  the  Academy  of  Sciences  at  Paris.  Lond. 
1742,  a  full  account  of  this  wheel,  aad  of  me  experiments  from  which  it 
was  deduced.     (See  vol.  i,  69.)     It  was  simplified  by  Leopold. 

Towards  the  close  of  the  17th  cer:tury  there  lived  in  Dartmouth,  a  small 
seaport  town  on  the  English  channel,  two  mechanics  who  combined  treu 
energies  to  devise  a  machine  for  raising  %^at9r  by  meanc  of  steam.  Their 
names  were  Thomas  Newcomen  and  John  Gawley ;  the  first  a  blacksmith, 
but  sometimes  called  an  ironmonger,  the  latter  a  plumber  and  glazier. 
The  circumstances  that  led  them  to  the  subject  have  not  been  recorded, 
nor  have  the  particular  contributions  of  each  been  specified.  Their  efforts 
were  however  eminently  successful,  for  to  them  belongs  the  honor  of 
having  permanently  established  the  employment  of  steam  as  a  mechanical 
agent.  The  date  of  the  commencement  of  their  efforts  is  unknown,  but 
from  the  observation  of  a  contemporary  writer  it  seems  to  have  been  as 
early  as  the  first  attempts  of  Savery. 

The  principal  objection  of  miners  to  Savery's  machine,  viz.  the  eno^ 
mous  force  of  the  steam  required,  and  the  consequent  frequent  explosion 
of  the  boilers,  &c.  was  completely  avoided  by  Newcomen  and  Cawley ; 
for  they  used  steam  of  little  or  no  greater  force  than  cooks  do  in  common 
cauldrons — ^hence  it  could  never  explode  a  boiler  or  endanger  human  life. 
Savery 's  engine  had  other  disadvantages.  It  was  required  to  be  placed 
within  a  mine  or  pit,  and  in  no  case  farther  from  the  bottom  than  25  or  30 
feet ;  whereas  Newcomen  and  Cawley *s  was  erected  on  the  surface,  near 
the  mouth  of  the  shaft.  Moreover,  n  those  mines  which  were  previ- 
ously drained  by  pumps,  it  could  be  used  to  work  these  as  before,  without 
any  additional  cosr  *^v  new  pipes  and  pumps;  the  engine  in  such  cases  merely 
superseding  the  ho.  }es  and  their  attendants.  Instead  of  applying  steam 
like  Savery  directly  to  the  water  to  be  raised,  these  mechanics  made  use 
of  it  to  give  motion  to  a  piston  and  vibrating  beam,  and  through  these  to 
common  pump  rods ;  hence  the  device  may  be  considered  rather  for  im- 
parting motion  to  machines  proper  for  raising  water,  than  as  one  of  the 
latter. 

It  is  in  evidence  that  Newcomen  had  some  correspondence  respecting 
his  machine  with  Dr.  Hooke,  and  that  he  was  acquainted  with  what  Papin 
had  previously  done.  This  however  might  very  well  consist  with  the 
idea  of  giving  motion  to  apistcm  originating  with  himself  or  partner;  yet 
as  their  labors  were  subsequent  to  those  of  the  French  philosopher,  their 
claims  to  it,  if  they  ever  made  any,  could  not  be  sustained.  Their  machine 
in  its  essential  features  is  a  copy  of  Guerricke*s,  and  the  mode  of  producing 
a  vacuum  under  the  piston  similar  to  Papin's ;  but  as  Papin  did  not  sue- 
ceed,  the  reintroduction  of  a  device  similar  to  his,  and  its  successful  appli 
cation  to  the  important  purpose  of  draining  mines,  belong  wholly  to  them; 
and  the  merit  of  doing  this  wag  certainly  much  greater  than  can  ever  be 
claimed  for  the  abortion  of  Papin.  Fulton  did  not  invent  steam  Yoats, 
but  he  was  the  first  to  demonstrate  their  utility  and  to  introduce  thei  4  into 
use  here  after  they  had  been  tried  and  abandoned  in  Europe. 

It  should  not  be  supposed  that  the  piston  engine  would  not  have  In^en 
realized  at  the  close  of  the  17th  or  beginning  of  the  18th  century,  if  Papin 
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ftnd  Newcor.en  had  not  Uv«d.  The  spirit  of  inquiry  that  n«s  ahroad  it 
their  days,  and  the  number  of  ingenious  men  engaged  in  devising  mean* 
to  employ  steam  as  a  motive  agent,  would  ajgsuredly  have  soon  brought  it 
into  use.  Indeed,  every  improvement  in  the  application  of  steam  seems 
.  to  have  been  always  perceived  by  some  contemporary  projectors,  among 
whom  the  contest  of  maturing  it  was,  as  in  a  race,  one  of  speed.  "  Watt 
fnhserves  Prof  Renwick]  found  a  competitor  in  Gainsborough,  and  but  a 
few  weeks  would  have  placed  Stevens  on  the  very  eminence  where  Fulton 
now  stands."  The  circumstances  of  the  times,  the  increase  of  English 
manufuc tares,  and  the  general  want  of  some  substitute  for  animal  labor, 
were  all  then  favorable  to  the  introduction  of  the  steam-engine.  "ITad 
the  mines  of  Cornwall  been  still  wrought  near  the  surface,  Savery  orNew- 
comen  would  hardly  have  found  a  vent  for  their  engines.  Had  ni"  '.he 
manufacturers  of  England  been  wanting  in  labor-saving  machinery,  'h« 
double-acting  engine  of  Watt  would  have  been  suited  to  no  useful  appi. 
cation,  A  very  few  years  earlier  thaA  the  voyage  of  Fulton  [to  Albany] 
the  Hudsoii  could  not  have  fiimi«hed  trade  or  travel  to  support  a  steam 
boat,  and  the  Missiasip|H  waa  in  possession  of  dispersed  hirdes  "^f  sava^is.'' 
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The  above  figure  will  sufficiently  explain  the  principles  and  operatiuD 
)f  Newcomcn  and  Gawley's  tint  engine ;  and,  when  compared  with  those 
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already  noticed,  will  enable  the  reader  to  do  jusdoe  to  all  eoncemed.  It 
will  be  perceived  that  although  steam  in  an  essential  agent,  it  is  not  the 
primu/n  mffbUe  of  the  apparatus  9  the  pressure  of  (he  atmosphere  is  the 
first  mover,  and  to  excite  this  only  was  steam  employed. 

A,  in  the  figure,  (No.  196)  represents  a  vibrating  beann  with  arched 
ends  or  sectors,  from  one  of  which  the  main  pump  rod  is  suspended  by  a 
chain.  This  rod  descends  into  the  mine  or  pit,  and  is  connected  to  as 
many  other  rods  as  there  are  pumps  to  be  worked.  A  counterpoise  or 
heavy  weight  //»  is  fixed  to  the  rod,  so  as  to  depress  ^t  and  raise  the  other 
end  of  the  beam  in  the  position  represented.  a»  the  steam  cylinder,  open 
at  top,  its  sides  being  surrounded  by  another,  and  the  space  between  them 
containing  water,  r,  the  piston  roa  and  piston,  attached  to  the  beam  by 
a  chain.  &,  the  boiler,  c,  gauge  cock.  N,  safely  valve  witli  weights 
placed  directly  upon  it.  d^  a  ccok  to  admit  steam  into  the  cylinder,  e,  a 
pipe  and  cock  to  convey  the  water  round  a,  into  the  well  or  tank  o,  J\  a 
pipe  and  cock  to  supply  cold  water  to  condense  steam  in  the  cylinder.  \. 
another  pipe  and  cock  to  furnish  occasionally  a  little  water  to  the  uppei 
side  of  the  piston,  to  preveot  air  from  passing  between  the  packing  ar  i 
sides  of  the  cylinder :  this  water  was  kept  at  the  depth  of  about  two  inches 
.  /  £,  a  pipe  proceeding  from  one  of  the  pumps  in  the  pit  to  supplv  the  8mal\ 
cistern  with  water,  p,  a  pipe  to  convey  the  steam  condendeu  within  a 
int9  the  tank  o,     to  the  ash  pit.     x  x,  flues  round  the  boiler. 

Fire  being  applied  to  the  boiler  and  steam  generated,  the  cock  d  Is 
opened  and  the  cylinder  filled  with  steam,  provision  being  made  for  the 
escape  of  the  air  previously  within,  d  is  then  closed  and  y  opened,  by 
which  cold  water  from  the  cistern  is  admitted  to  flow  round  a:  this  con- 
denses the  vapor  within,  and  a  vacuum  being  thus  formed  under  the  piston, 
the  latter  is  pushed  down  by  the  atmosphere ;  consequently  the  opposite 
end  of  the  beam  is  raised,  and  with  it  the  pump  rods  and  the  load  ot  water 
with  which  they  are  burthened.  ^  is  now  closed  and  d  again  opened 
when  the  counterpoise  m  preponderates,  the  piston  is  raised,  the  cylinder 
again  Blied  with  steam,  and  the  operation  repeated.  But  previous  to  the 
admission  of  vapor  the  second  time  into  the  cylinder,  the  cocky*  is  closed 
and  the  one  on  pipe  e  opened,  to  allow  the  water  between  the  cylinders 
iO  escape  into  the  tank  o,  this  water  having  become  heated  by  its  contact 
with  a.  As  soon  as  the  cylinder  is  charged  anew  with  steam,  a  fresh 
supply  of  cold  water  to  condense  it  is  admitted  by  again  opening  y! 

The  amount  of  force  thus  excited  depends  upon  the  diameter  of  the 
cylinder  a,  or  the  area  of  its  piston,  and  the  state  of  the  vacuum  made 
under  the  latter.  The  dimensions  of  a  must  therefore  be  proportioned  to 
the  resistance  to  be  overcome— to  the  quantity  of  water  to  be  raised  from 
a  mine,  and  the  height  at  which  it  is  to  be  discharged-^and  to  render  an 
engine  of  the  kind  effective,  the  whole  of  the  steam  in  a  should  be  con- 
densed, and  as  quickly  as  possible.  These  conditions  were  not  very  well 
fulfilled  by  the  apparatus  as  figured  above.  Time  was  required  for 
the  cold  water  between  the  cylinders  to  extend  its  ^^.fluence  from  the  cir- 
cumference to  the  centre  of  the  inner  one,  in  order  completely  to  condense 
the  vapor ;  hence  the  movements  were  extremely  slow,  the  strokes  seldom 
exceeding  seven  or  eight  per  minute.  An  accidental  circumstance  pointed 
out  the  remedy,  and  greatly  increased  the  effect.  As  the  engine  was  a: 
work ,  the  attendants  were  one  day  surprised  to  see  it  make  several  strokes 
much  quicker  than  usual ;  and  upon  searching  for  the  cause,  they  found 
sayii  Desaguliers,  "  a  hole  in  the  piston  which  let  the  cold  water  [k^pt 
ttiK>n  the  pTston  to  prevent  the  entrance  of  air  at  the  packing]  into  the  inside 
ok  the  cylinder."     Th*  water  falling  through  the  steam  condensed  it  «•• 
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most  instantaneously,  and  produced  a  vacuum  with  far  less  water  than 
when  applied  to  the  exterior  of  the  cylinder.  This  led  Newcomen  to 
remove  the  outer  cylinder,  and  to  insert  the  lower  end  of  the  pipe  f  into 
the  bottom  of  a,  so  that  on  opening  the  cock  J'  a  jet  of  cold  water  was 
projected  through  the  vapor.  This  beautiful  device  is  the  origin  of  the 
injection  pipe  stiil  used  in  low-pressure  engines. 

Newcomen  and  Cawley's  engine,  as  figured  page  465,  was  improved  in 
several  parts  in  1712,  and  soon  after  adopted  as  a  hydraulic  machine  for 
draining  the  coal  and  iron  mines  in  various  parts  of  Europe.  Very 
elaborate  engravings  of  some  used  in  French  mines  may  be  seen  in  the 
folio  edition  oi  Arts  et  Metiers.  See  also  Desaguliers'  Kx.  Philos.  vol.  ii» 
and  Switzer's  Hydrostatics. 

The  application  of  sectors  and  chains  to  pump  rods  did  not  originate  with 
Newcomen.  They  are  figured  by  Moxon,  atid  were  probably  employed 
in  working  pumps  in  mines  previous  to  the  invention  of  the  steam-engine. 

We  have  often  thought  the  heaviest  charge  against  Savery  was  to  be 
found  in  his  conduct  towards  Newcomen  and  Cawlev.  Their  machine 
was  essentially  uifTerent  from  his  in  its  principle,  construction  and  mode 
of  action,  yet  he  insisted  that  it  was  an  infringement  apon  his  patent.  He 
employed  the  pressure  of  the  atmosphere  in  charging  his  receivers,  by 
condensing  with  cold  water  the  steam  within  them.  So  far  as  regards 
this  mode  of  forming  a  vacuum,  (he  in  his  receivers  and  they  beneath  a 
piston)  there  is  a  resemblance  between  the  two  machines,  but  no  farther; 
and  this  plan  of  making  a  vacuum  was  not  original  with  him  any  more 
than  with  them.  It  was  no  more  a  new  device  in  his  time  than  his  paddle 
wheels  were.  The  object  of  Newcomen  and  Cawley  in  forming  a  vacuum 
was  also  quite  different  from  his ;  for  they  did  not  raise  water  into  the 
vacuity,  but  employed  it  solely  to  excite  the  pressure  of  the  atmosphere 
upon  the  upper  side  of  a  piston,  in  order  to  impart  motion  to  common 
pump  rods.  Again,  he  used  the  expansive  force  of  high  steam  :  tliis  was 
the  prominent  feature  in  his  machine,  and  the  great  power  that  gave  eiH- 
ciency  to  it ;  but  they  did  not  use  this  power  at  all.  The  weight  of  the 
external  air,  not  the  expansive  force  of  steam,  was  i^e  primum  mobile  in 
their  machine,  and  it  was  brought  into  action  by  the  vapor  of  water  at  the 
ordinary  boiling  point. 

But  as  th^  formed  a  vacuum  in  thetr  cylinder  by  the  condensation  of 
steam,  he  insisted  on  having  a  share  in  their  patent!  The  fact  was  his 
machines  had  become  in  a  ^e^t  measure  laid  aside,  and  he  doubtless  per- 
ceived that  they  were  destint^d  to  be  wholly  superseded.  Desaguliers 
(in  1744)  observes  that  the  progress  and  improvement  of  the  lire  engine 
vrere  stopped  by  the  diflficuides  and  dangers  attending  it,  till  Newcomen 
and  Cawley  "  brought  it  to  the  present  form,  in  which  it  is  now  used,  and 
has  been  near  these  thirty  years."  Unless  his  name  was  inckided  as  a 
joint  patentee,  Savery  threatened  an  appeal  to  the  law ;  and  it  is  said  his 
influence  at  court,  as  commissioner  for  the  sick  and  wounded,  gave  weight 
to  this  ungenerous  and  unjust  demand.  Newcomen  we  are  informed  was 
a  Quaker,  or  like  Cawley  a  Baptist,  and  therefore  on  principle  averse  to 
legal  controversy  :  he  was  moreover  a  man  of  **  a  great  deal  of  modesty,'* 
and  so  yielded  tne  point.  The  patent  was  consequently  issued  (in  1705) 
"  to  Thomas  Newcomen  and  John  Cawley  of  Dartmouth,  and  Thomas 
Savery  of  I«ondon." 

Another  point  has  been  generally  overlooked  :  to  far  from  Newcomen's 
machine  being  an  infringement  or  improvement  upon  Savery's,  it  was  really 
invented  as  early  if  not  earlier  than  the  latter.  Switzer  (Savery's  friend) 
says,  "  it  [N^wcomen's  engine]  is  indeed  generally  said  to  be  an  improve 
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men;  to  Savery's  engine,  but  lam  well  'nform^d  that  Mr.  Newcomen  was 
a.s  earl  J  :n  his  invention,  as  Mr.  Savery  was  in  his,  oniy  the  latter  bein^ 
nearer  the  court,  had  obtain'd  his  patent  before  the  other  knew  of  it ;  on 
which  a^ccunt  Mr.  Newcomen  wais  glad  to  come  in  as  a  partner  to  iL" 
(Hydrostat.c8,  342.)     That  is,  as  a  partner  to  his  own  invention. 

To  Newcomen  and  his  associate  belongs  the  honor  of  laying  the  found- 
ation for  the  modem  engine.  The  piston  engine  of  Worcester  had  been 
forgotten,  Papin's  was  an  abortion,  and  Savery  probably  never  thought  of 
one ;  hence,  whether  the  Datmouth  mechanicians  were  aware  of  its  pre 
vious  employment  or  not,  to  them  a  large  share  of  merit  is  justly  due. 
They  were  moreover  amiable  and  unassuming  in  their  manners,  and  seem 
to  have  passed  through  life  without  exciting  much  of  that  envy  that  em- 
bitters more  or  less  the  nights  and  days  of  successful  inventors.  From 
such  men,  who  can  withhold  expressions  of  approbation  and  esteem  1  Had 
they  been  members  of  the  Roman  church,  they  ^houid  have  been  canonizeti 
-—could  we  believe  in  the  efBcacy  of  prayers  for  the  dead,  we  would  have 
masses  performed  for  the  repose  of  their  spirits-— and  had  we  the  power, 
every  contributor  to  useful  mechanism  should  be  commemo7&.ted  ny  ar 
apotheosis. 

Cawley  died  in  1717,  but  the  date  of  NewGa?ie^*8  dsseise  ^as  not 
been  ascertained 
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Oentfral  adoption  of  Neweomen  and  Cawley^  onf  toe— Leopold'*  mashice— Steaa  applied  at  a  mo? at 
of  general  niacLinery — Wooden  and  granite  boiler*— Generating  fUam  by  the  heat  of  the  *un — Floeu— 
Oreen-botuea  ai:d  dwellingt  heated  by  ateam — Cooking  by  ateam — ExploaiTe  engine*— Tapor  engines— 
English,  French  and  American  motire  enginee^Woiaardli  air  Jiaehia»— Vapor  ot  mceuty — ^.i^uefied 
gates — Dec<HBpo*ition  and  recompeaitlon  of  water* 


Newcomen  and  Cawley 's  engines  were  found  to  answer  the  purpose 
of  raising  water  so  well,  that  in  a  few  years  they  were  ir.tioduced  into 
Russia,  Sweden,  France  and  Hungary ;  and  about  1760,  one  was  imported 
by  the  proprietors  of  the  old  copper  mine  near  Belleville,  New  Jersey. 
They  in  fact  imparted  a  new  and  verv  beneficial  impulse  to  mining  opera- 
tions, and  quickly  raised  the  value  of  mining  stock.  Deluged  works  were 
recovered,  old  mines  deepened,  and  new  ones  opened,  in  various  districts, 
both  in  Great  Britain  andf  continental  Europe :  nor  were  they  confined  to 
draining  mines,  but  were  employed  to  raise  water  for  the  use  of  towns 
and  cities,  and  even  to  supply  water-wheels  of  mills.  By  exciting  the 
attention  of  Ingenious  men  to  their  improvement,  they  became  the  means 
r.f  extending  manufactures  generally,  and  introduced  one  which  had  never 
before  been  known  in  the  world,  viz.  the  fabrication  of  motive  engines-^ti 
manufacture  upon  which  the  wealth,  power  and  happiness  of  nations  ant 
destined  in  a  great  degree  hereafter  to  depend. 
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Laopotd,  to  wnom  we  have  fi-equently  referred,  reileciing  on  Papin'& 
expurimcntB,  sug^-if  ed  ihe  following  appUcktioa  of  sieam  to  move  pUtoni 


Ka.in    LMi|HiM>iHl(bPnannEiifliii     A.  D.  I  ISO. 

Two  ateam  cylindert,  open  at  top  and  prrvided  with  pistons  a  h,  wuro 
placed  over  the  boiler  c,  from  the  upper  part  of  which  a  four-way  cock  d 
admitted  ateam  alternately  into  the  bottom  of  each.  The  pistons  were 
connected  by  inflexible  rods  la  the  ends  of  two  narking  beams,  and  to  the 
opposite  extremities  of  the  beams  were  connected,  by  similar  rods,  the 
pistonsy  ^  of  two  forcing  pumps,  whose  lower  parts  were  placed  in  the 
water  to  be  raised.  An  attendant  turned  the  plug  of  the  cock  to  admit 
steam  under  one  piston,  which  was  pushed  up  by  the  expansive  force  of 
the  fluid,  and  consequently  the  piston  of  the  pump  connected  to  the  same 
beam  was  forced  down,  and  the  water  in  its  chamber  driven  up  the  rising 
main  t.  The  cock  was  then  turned  to  admit  steam  into  the  other  cylinder, 
whose  piston  waa  raised  in  tike  manner;  at  the  same  time  one  passage  of 
the  cock  opened  a  comniunicBtion  with  the  interior  of  the  first  cylinder 
and  the  external  air,  so  as  to  allow  tlie  steaiQ  within  to  escape, — (See  tlie 

This  is  the  first  high -pressure  piston  engine  figured  in  books.  It  has  been 
preatly  admired,  and  yet  as  represented  It  is  useless  and  impracticable; 
for  when  the  steam  pistons  were  once  raised  the  whole  would  romain  im- 
moveable, there  being  no  means  for  causing  them  to  descend.  Had  Leo- 
[lold  used  one  beam  instead  of  two.  and  placed  a  pump  and  steam  cylinder 
under  each  end,  the  device  would  have  been  complete  and  very  effective. 

It  is  singular  that  the  researchea  of  Leopold  had  not  made  him  ac- 
quainted with  the  fact  that  four-way  cocks  were  used  long  before  Fapiu, 
to  whom  he  attributes  them. 

With  thisdeviceof  Leopold,  we  take  leave  of  steam  machines.  Hitherto 
they  had  been  employed  onli/  to  raise  water,  but  the  period  was  now  ap- 
proaching when  the  agency  of  this  fluid  as  a  first  mover  of  machinery  ni 
general,  was  to  become  iadclinitely  extended.    The  engines  of  Newoumt- n 
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anil  Leopold  were  the  links  which  connected  the  labors  of  Heron,  Ghirayj 
Porta,  Worcester,  Moreland,  Papin  and  Save.y  with  those  of  Watt.  Thev 
opened  the  way  for  the  introduction  of  the  cra^k  and  fly-wheei,  which 
changed  completely  the  character  of  the  eld  er  twines.  Like  Worcester's 
and  Savery's,  Newcomen's  engine  required  tLa  constant  attention  of  an 
attendant  to  open  and  close  the  oocks ;  but  a  hoj  named  Potter  employed 
in  this  service,  stimulated  by  the  love  of  p-i/,  ri^e-iicnsly  added  cords  to 
the  levers  by  which  the  cocks  were  tar.ied,  and  onnscting  the  ciher  ends 
of  the  cords  to  the  moving  b^am,  rendered  the  machine  self-act.ngr,  and 
thus  acquired  opportunities  of  Jjniing  his  sportive  compauions  unknown 
to  his  employers.  Iron  rods  W3r«  soon  after  substituted  for  che  cords  by 
Beighton,  and  finally  Watt  an  l  Grainsborough,  Horn  blower,  E^'ans  and 
Trevithick,  &c.  appeared  and  made  the  steam-engine  the  ^cat  prime 
mover  of  man. 


A  few  subordinate  devices  relating  to  steam  and  steam-engines  may  here 
be  noticed.  There  is  in  Stuart's  Anecdotes  an  historical  note  respecting 
wooden  boilers,  in  which  water  is  heated  by  furnaces  or  flues  within 
them.  They  are  traced  back  to  1663.  It  may  be  interesting  to  some 
readers  to  state,  that  they  were  in  use  in  the  preceding  century,  and  that 
the  device  in  all  probability  dates  from  even  a  more  remote  period.  They 
arc  described  in  Gesner's  "  Secrets  of  Phisicke  and  Philosophic."  In  tin, 
English  translation  of  1599,  by  Baker,  to  which  we  have  already  had  re 
course,  they  are  twice  figured,  and  thus  described  :  "  A  wooden  liowle  or 
tubbe  of  a  sufficient  compasse  and  largnesse  over:  in  the  middes  of  which 
tubbe  erect  and  set  from  the  bottom  unto  the  edge  or  brinke  of  the  same, 
or  rather  above  it,  a  great  copper  vessel,  in  the  ibrrae  of  a  hollow  pype. 
Let  a  parte  of  the  copper  pype  descende,  in  such  sort  and  manner,  that 
the  water  be  contained  bet  wee  ne  the  outward  bored  wall  of  the  pype  and  the 
parte  within  of  the  tubbe :  But  within  that  parte  of  the  pype  which  de- 
scendeth  by  the  bottome  of  the  tubbe,  let  the  fire  be  put  and  kindled,  for  the 
heating  of  the  water."  Folio  25.  The  third  part  of  Glauber's  Treatise  nu 
Philosophical  Furnaces  also  relates  to  wooden  boilers,  in  which  liquids 
were  hoated  by  a  copper  retort  placed  in  a  fire,  and  whose  neck  watf  in- 
serted in  the  lower  part  of  the  boiler,  the  liquid  circulating  through  the 
retort.     Eng.  Trans,  by  Dr.  French,  London,  1652. 

We  have  been  informed  that  an  enormous  steam  boiler  for  an  atmos- 
pheric engine  was  in  use  many  years  ago  at  a  copper  mine  near  Redruth, 
m  Cornwall,  England,  which  was  composed  entirely  of  large  blocks  of 
granite,  or  '*  moor  stone."  The  water  was  heated  by  a  furnace,  from 
which  iron  pipes  traversed  backwards  and  forwards  in'  the  water. 

The  old  chemists  (^ften  boiled  liquids  by  the  sun's  heat,  and  a  writer  in 
the  London  Magazine  for  1750  proposed  to  substitute  the  solar  rays  for 
common  fires  in  heating  steam-engine  boilers,  via.  by  collecting  the  rays  in 
a  focus  "by  means  of  a  common  burning  glass,  or  a  large  concave  reflfCling 
mirror  of  polished  metal,  or  perhaps  more  conveniently  by  the  newly  re- 
vived method  of  Archimedes,  which  by  throwing  the  focal  point  to  a  greater 
distance  may  be  capable  of  many  advantages  that  the  others  have  not." 
He  anticipates  three  objections  :-— 1.  "The  focus  will  vary  with  the  motion 
of  the  sun."  To  obviate  this  he  proposes  to  make  the  mirrc-  moveable 
by  machinery  attiiched  to  the  engine  itself.  2.  "  The  extreme  heat  of  tho 
focal  point."  If  this  should  be  too  intense,  it  may  be  moderated  by  en* 
Urging  the  focus.  3.  "  The  sun  does  not  constantly  shine  "—therefore  the 
engine  most  stop.     This  ol)jection»  he  reraarks,  is  common  to  wind,  tido 
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dnd  other  mills ;  and  he  thinks  in  the  hot  months,  at  least,  a  st^am-engins 
migi'i  be  made  to  raise  by  the  sun*s  beat  water  enough  from  a  well  to 
replenish  fish  ponds  &c.  as  opportunity  served.  We  have  long  thought 
that  solar  heat  will  yet  eupersec'e  artificial  fires  to  a  limited  extent  in  raising 
steam,  as  well  as  in  numerous  other  operations  in  the  arts,  especially  in 
places  where  fue:  Is  scarce.  It  is  a  more  legitimate  object  of  researrl- 
than  one  half  of  the  new  projects  daily  brought  forward. 

The  mode  adopted  by  Watt  for  supplying  water  to  his  boilers  by  means 
o^ 9k float  attached  to  a  lever,  and  so  aiTknged  as  to  open  and  close  a  valve 
in  an  adjoining  cistern,  was  not  invented  by  him.  It  was  empicyed  by 
Mr.  Triewald,  the  Swedish  engineer,  in  174»5,  in  his  apparatus  for  commu- 
ricating  heat  to  green -houses  by  s^oam,  and  is  described,  with.a  fig^ure,  in 
the  London  Magazine  for  1755,  p.  18^21. 

Heating  CTeen-houses  by  steam  is  mentioned  ly  an  Enfrlish  writer  in 
1GG0.  Riv!us,  in  1548,  speaks  of  eolipiles  being  employed  to  impart  an 
agreeable  temperature  to  apartments  in  dwellings.  CJoi.  Wm.  Cook's 
"  Method  to  warm  rooms  by  the  steam  of  boiling  water,"  is  described, 
with  a  cut,  in  the  Gentleman's  Magazine  for  1747,  p.  171.  A  boiler  was 
to  be  heated  by  the  kitchen  fire,  and  the  steam  pipe  to  ascend  through  one 
tier  of  rooms,  and  descend  through  another,  traversing  backwards  and 
forwards  in  each  room  according  to  the  temperature  required  ;  the  escapo 
of  the  condensed  and  waste  steam  being  regulated  by  a  cock. 

A  patent  for  cooking  by  steam  was  taken  out  in  England  by  Mr.  How- 
ard in  1793.  He  nnmed  his  apparatus  *'  a  pneumatic  kitchen."  Repertory 
of  Arts,  vol.  X,  147. 

There  are  two  other  classes  of  motive  machines  that  wo  intended  here 
to  notice  in  some  detail ;  but  as  they  have  not  come  into  general  use,  and 
this  volume  having  already  nearly  reached  its  prescribed  limits,  a  brief 
sketch  may  suffice.  The  origin  of  most  of  them  may  be  traced  to  attempts 
to  supersede  steam  by  more  portable  fluids,  or  such  as  require  less  fuel  to 
generate.  We  allude  to  explosive  and  to  vajfor  engines.  Of  all  the  devices 
to  which  the  steam-engine  has  given  birth,  none  possess  greater  interest 
than  these.  Some  were  designed  tx>  raise  water  directly,  and  all  of  them 
indirectly.  The  first  class  are  named  from  the  force  by  which  they  act 
being  developed  by  the  firing  (generally  under  pistons)  of  explosive  com- 
pounds. These  are  either  concrete  or  aeriform  substances,  as  gunpowder, 
a  mixture  of  hydrogen  gas  and  common  air,  ^c.  Those  of  the  second 
class  are  similar  to  steam-engines,  except  that  they  are  worked  by  elastic 
fluids  evolved  from  volatile  liquids,  or  such  as  pass  easily  and  at  low  tem- 
peratures into  the  aeriform  state,  as  alcohol,  ether,  &c. 

Explosive  like  steam  engines  have  been  made  to  act  in  two  different 
ways,  according  to  two  opposite  properties  or  effects  of  the  exploded  sub- 
Btance — the  expansive  force  developed,  and  the  vacuum  or  partial  vacuum 
which  succeeds.  For  the  purpose  of  explanation,  suppose  two  large  re- 
peating guns  or  muskets,  provided  with  small  charges  of  powder  only,  to 
be  secured  by  a  frame  in  a  perpendicular  position,  with  their  muzzles  up- 
wards, and  three  or  four  feet  apart.  Directly  over  them  let  there  be 
adapted  a  working  beam,  somewhat  as  in  the  last  figure,  suspended  on  a 
fulcrum  at  an  equal  distjince  from  each.  Suppose  the  ramrods  placed  in 
the  barrels  with  their  buttons  or  plugs  so  made  as  to  fill  the  bore,  and 
work  air-tighl  like  the  piston  of  a  syringe  or  pump.  Let  the  upper  ends 
of  these  rods  then  be  connected  by  a  bolt  to  the  ends  of  the  beam,  whicfi 
should  be  at  such  a  distance  above  the  muzzles  that  when  the  plug  of  one 
''od  it  at  the  bottom  of  its  barrel,  that  of  the  other  may  be  just  within  the 
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muzele  of  tbe  other  barreL  Now  let  that  musket  with  whose  breech  the 
plug  o£  lis  ramrod  is  io  contact  be  first  fired,  and  the  rod  will  iDstanily  be 
forced  like  a  ballet  up  the  barrel,  and  by  its  connectioo  with  the  beam 
will  cause  the  other  rod  to  descend.  The  musket  in  which  this  last  rod 
moves  is  then  in  its  turn  to  be  fired  and  the  rod  forced  up  in  the  same  way. 
Thus  the  operation  is  continued.  The  reciprocating  motion  of  the  beam 
is  concerted,  if  required,  into  a  continuous  rotary  one  by  means  of  a  crank 
or  some  analogous  device. 

Engines  on  this  plan  have  not  succeeded,  nor  is  there  any  probability 
of  their  success.  There  are  apparently  insuperable  objections  to  them, 
but  wbich  need  not  here  be  detailed.  The  explosion  of  gunpowder  has 
therefore  been  more  frequently  employed  to  produce  a  partial  vacuum  in 
a  o;^' Under  when  its  piston  is  raised,  in  order  to  excite  the  pressure  of  the 
atmosphere  to  force  it  down.  Suppose  one  or  more  opening,  covered  by 
valves  or  flaps,  were  made  near  the  upper  ends  of  the  muskets  mentioned 
above,  i.  e  just  beneath  the  pistons  or  plugs  of  the  ramrods  when  at  the 
highest  point  in  the  barrels,  and  the  powaer  exploded  when  they  are  in 
that  poHition :  the  sudden  expansion  would  drive  out  through  the  valves 
most  o^  the  air  previously  in  the  barrel,  the  valves  would  instantly  close, 
and  the  atmosphere  would  push  down  the  rod  and  thus  raise  the  oiher; 
which  in  its  turn  might  be  caused  to  descend  by  exploding  the  charge 
under  it,  and  so  on  continually.  Instead  of  openings  in  the  cylinders  for 
the  escape  of  the  air,  some  experimenters  have  made  large  openings  in 
the  pistons  and  covered  them  with  flaps,  (like  the  suckers  of  common 
pumps)  so  that  when  the  explosion  ceased  the  flaps  closed  and  prevented 
the  air's  return.  Others  have  used  solid  pistons  and  removed  the  bottoms 
o^  their  cylinders,  and  covered  the  openings  with  leather  flaps  so  as  to 
operate  as  valves  and  give  a  freer  exit  to  the  air  and  heated  gases.  This 
was  the  plan  adopted  by  Mr.  Morey.  Papin  used  hollow  pistons.  The 
vacuum  produced  in  this  manner  by  gunpowder  has  alwavs  been  very 
imperfect.  Instead  of  obtaining  a  pressure  of  14  or  15  pounds  on  Che  inch, 
Papin  could  not  realize  more  than  six  or  seven. 

Gunpowder  has  also  been  applied  to  raise  water  directly,  by  exploding 
it  in  close  vessels  like  the  receivers  of  Savery,  with  a  view  to  expel  their 
contents  by  its  expansive  force,  and  also  to  produce  a  vacuum  in  order  to 
charge  them — but  with  no  useful  resulL 

Explosive  mixtures,  formed  of  certain  proportions  of  an  inflammable 
gas  and  common  air,  have  been  found  to  produce  a  better  vacuum  than 
gunpowder ;  for  a  volume  of  air  equal  to  that  of  the  gas  used  is  displaced 
irom  the  cylinder  by  the  entrance  of  the  gas  previous  to  every  explosion, 
and  when  this  takes  place  nearly  the  whole  of  the  remaining  air  is  expelled. 
As  yet,  however,  the  best  of  explosive  engines  have  had  but  an  ephemeral 
existence.  Besides  other  disadvantages,  the  heat  generated  by  the  flame 
attending  the  explosion  expands  the  air  that  remains,  so  as  to  diminish 
considerably  the  eflect. 

Of  vapor  engines,  the  most  promising  at  one  time  were  those  in  which 
the  moving  force  was  derived  from  ether  and  alcohol.  The  former  boils 
at  about  blood  heat,  or  98^  of  Fahreiihett*s  scale,  and  the  latter  at  174^, 
while  water  requires  212^.  The  vapor  of  alcohol,  it  has  been  stated, 
exerts  double  the  force  of  steam  at  the  same  temperature ;  and  if  to  this  ic 
'>e  conceded  that  the  same  quantity  of  fuel  produces  equal  temperatures 
on  both  alcohol  and  water,  then  the  former  would  seem  to  be  more  econo- 
mical than  than  the  latter.  Moreover,  in  consequence  of  the  different  spe- 
cific gravities  of  water,  alcoliol  and  ether,  the  cost  of  vaporizing  f^ual 
volumes  of  each  varies  in  a  still  greater  ratio  than  their  boiling  points — 
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this  cost  being  as  the  numbers  11,  4,  2 — thus  making  the  scale  preponde 
i*ate  still  more  in  favor  of  alcohol  and  ether.  Why  then,  it  may  be  askod, 
have  they  not  superseded  water]  Principally  because  the  different  vo 
lumes  of  vapor  from  equal  quantities  of  tlie  three  liquids  turn  buck  tiie 
scale  in  favor  of  steam.  A  cubic  inch  of  water  affords  ISOO  cubic  inches 
of  steam,  while  a  cubic  inch  of  alcoliol  produces  about  600  and  ether  only 
300  inches;  hence  the  expense  of  producing  equal  voluifies  (tf  vapor  (and 
that  is  the  main  point)  is  actually  in  favor  of  steam.  It  has  therefore  been 
deemed  more  economical  to  use  this  fluid  than  the  others,  even  if  ihey 
were  equally  cheap— to  say  nothing  of  the  danger  arising  from  such  an 
employment  of  highly  inflammable  liquids,  and  the  practical  difHculties 
aiiending  their  application. 

in  1791,  Mr.  John  Barber  obtained  a  patent  for  an  explosive  motive 
engine :  he  used  gas  or  vapor  from  "  coal,  wood,  oil,  or  any  other  com- 
bustible matter,"  which  he  distilled  in  a  retort,  and  "  mixed  with  a  proper 
quantity  of  atmospheric  or  common  air."  See  Repertory  of  Arts,  vol.  viii, 
371.  Another  patent  was  issued  in  1794  to  Robert  Street,  for  an  "  in- 
flammable vapor  force,"  or  explosive  engine.  He  exploded  spirits  of 
tar  or  turpentine  mixed  with  common  air  under  a  piston,  and  forced  it 
entirely  out  of  the  cylinder,  into  which  it  was  again  returned  (by  its  own 
weight)  and  guided  by  grooves  in  the  frame  work.  Repertory  of  Arts, 
vol.  1,  154.  In  1807,  a  patent  was  granted  in  France  to  M.  De  Rivaz,  foi 
another,  in  which  hydrogen  and  common  air  were  mixed  and  exploded. 
De  Rivaz  moved  a  locomotive  carriage  by  the  power  he  thus  derived. 
He  also  inflamed  the  gaseous  mixture  by  the  electric  spark.  Dr.  Jones, 
in  1SL4,  made  experiments  on  anotiicr.  See  Journal  of  the  Franklin  In- 
ctitute,  vol.  i,  2d  series,  page  18.  Mr.  Cecil,  in  1820,  published  in  the 
Transactions  of  the  Cambridge  Philosophical  Society,  (£ng.)  a  description 
of  an  explosive  engine  of  considerable  merit. 

In  1825,  Mr.  Brown,  of  London,  patented  his  pneumatic  or  gas  vacuum 
engine.  The  very  sanguine  expectations  it  excited  have  now  died  away. 
It  is  figured  and  described  in  too  many  works,  both  English  and  Ameri- 
can, to  require  insertion  here.  In  1826,  Mr.  Morey,  of  New  Hampshire, 
patented  an  explosive  engine,  and  soon  after  exhibited  a  large  woiiving 
model  in  this  city,  (New  York)  which  we  took  several  opportunities  to 
t->rmine.  The  piston  rods  of  two  vertical  and  open  cylinders  were  con- 
no --"ted  ii-  the  opposite  ends  of  a  vibrating  beam.  The  pistons  were  made 
c*'*  sheet  copper,  in  the  form  of  plungers,  al>out  nine  incnes  diameter,  and 
V,  ere  made  to  v/ork  dr-tight  by  means  of  a  strip  of  oiled  listing  or  cloth 
t'cd  round  the  uoper  ends  of  the  cylinders.  This  was  all  the  packing. 
Mr.  Morey  employed  the  vapor  of  spirits  of  turpentine  and  common  air. 
A  small  tin  dish  contained  the  spirits,  and  the  only  heat  he  used  was  from 
a  common  table  lamp.  By  means  of  a  crank  and  fly-wheel  a  rotary  move* 
ment  was  obtained,  as  in  the  steam-engine. 

A  singular  device  for  making  the  atmospheric  changes  of  temperature 
a  means  for  raising  water,  was  devised  by  M.  Woisaru.  It  consisted  of 
two  vessels,  one  above  the  other,  connected  by  a  tube.  The  lower  one, 
having  a  valve  in  its  bottom,  was  placed  in  the  water  to  be  raised.  The 
upper  vessel  was  exposed  to  the  sun's  heat,  and  within  it  was  a  bag  or 
•mall  balloon  containing  air,  and  a  little  ether,  or  other  volatile  liquid. 
'*  As  the  atmospheric  temperature  falls,  the  balloon  will  diminish  in  bulk, 
the  surround ii>£r  a^r  will  become  rarer,  and  the  water  will  introduce  itself 
into  the  machine  through  the  valve ;  and  when  the  temperature  again 
rihes,  the  pressure  exerted  wilbin  the  machine  by  the  increasing  volume 
of  the  baVoon.  will  cause  the  excess  of  water  tr>  flow  out."     "With  the  ex 
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ception  of  the  ether,  this  device  is  a  modification  of  the  air  machines  Nos. 
174  and  175,  figured  at  page  380. 

The  vapor  of  mercury  has  been  tried  as  a  substitute  for  steam,  but 
without  mucli  success.     This  metal  boils  at  660^. 

Another  source  of  power  has  been  sought  in  the  tremendous  force  with 
which  the  liquefied  and  solidified  gases  expand  at  common  temperatures. 
Liquid  carbonic  acid,  at  the  low  temperature  of  32^,  has  been  found  to 
exert  a  force  equivalent  to  thirty  five  atmospheres !  an<l  every  increroeni 
of  heat  adds  lo  its  energy.  No  very  practical  mode  of  employing  this 
force  as  a  mechanical  agent  has  yet  been  matured. 

The  alternate  decomposition  and  recom position  of  water  has  also  been 
suggested.  By  decomposing  this  liquid  by  galvanic  electricity,  oxygen 
and  l^drogen  gases  are  produced  in  the  exact  proportions  in  which  they 
combine  in  water.  If  these  gases  be  made  to  occupy  the  interior  of  a 
cylinder  when  the  piston  is  raised,  and  the  electric  spark  be  then  passed 
through  them,  they  instantly  become  condensed  into  a  few  drops  of  water, 
and  an  almost  perfect  vacuum  is  the  result,  when  the  atr  osphere  acts  on 
the  piston.  The  water  is  then  to  be  reconverted  into  its  <»,.  instituent  gaaes. 
and  the  operation  repeated.  See  "  The  Chemist,"  for  1325.  ?*or  furtlier 
and  more  recen?.  information  respecting  motive  engines,  conoL'lt  the  Re 
pertory  of  Arr»,  Hebert*s  Ree^ister  of  Arts,  London  Mecuunics'  Magazine, 
and  the  Journal  of  the  Franklin  Institute. 
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NOVEL  DEVICES  FOR  RAISING  WATLR,  WITH  AN  ACCOUNT  OF 
SIPHONS,  COCKS,  VALVES,  CLEPSYba£,  &a.  &«. 


CHAPTER    I. 


Siiojects  ireaMd  In  the  iftk  book— Lalanl  ooBmaoiaitioB  of  molioB— Thli  obaenred  hy  the  aneiAtU-^ 
Wind  mt  the  Falls  of  Niagmim— The  trombo  deaeribed— Natural  teombei  Tatting  hot  liquid*— Water* 
spoata— Varioui  operations  of  the  human  mouth — Currents  of  water— Gulf  stream— Large  rireri— Ad- 
ventures of  a  bottle— Experiments  of  Venturi— Ezpeoditure  of  water  fh>m  varioas  formed  ^utaf  e»— 
l^ntracied  Tein— Cause  of  increased  discharge  fh>m  conical  tubes— Sale  of  a  water  power— Regulation 
of  the  ancient  Romans  to  prevent  an  ezeess  of  water  firom  being  drawn  bjr  pipes  ftom  the  equednr.tn. 


In  this  book  we  propose  to  notice  some  devices  for  raising  water  that 
are  either  practically  useful,  or  interesting  from  their  novelty  or 'the  prin- 
ciples upon  which  they  act.  An  account  of  siphons  is  added,  and  also 
remarks  on  cocks,  pipes,  valves,  and  other  devices  connected  with  practical 
hydraulics. 

A  fluid  moving  in  contact  with  another  that  is  comparatively  at  rest, 
dt&^s  along  those  uarticlos  which  it  touches,  and  these  by  their  mutual 
ad.^  vision  carry  their  neighbors  with  them ;  the  latter  also  communicate 
tlie  impulse  to  others,  and  these  to  more  distant  onee^  until  a  large  mass 
of  the  fluid  on  both  sides  of  the  motive  current  is  put  in  motion.  Whatever 
may  be  the  process  by  which  this  is  effected,  or  by  whatever  name  the 
principle  involved  may  be  called,  (lateral  communication  of  motion  or  any 
other)  tliere  is  no  question  of  the  fact.  The  operation  moreover  is  not 
conflned  to  any  particular  fluid,  nor  is  it  necessary  that  the  one  moved 
should  be  of  the  same  nature  as  the  mover :  thus  air  in  motion  moves 
water  and  other  liquids  as  well  as  air,  and  aqueous  currents  impart  motion 
to  aeriform  fluids  as  well  as  to  standing  waters.  A  stream  of  wind  from 
a  bellows  bears  with  it  the  atmospheric  particles  which  it  touches  in  its 
passage  to  the  fire — ^i  e.  it  sweeps  along  with  it  the  lining  of  the  aerial 
tube  through  which  it  is  urged.  Blowing  on  a  letter  sheet  to  dry  the  ink. 
or  on  scaldmg  food  to  cool  it,  brings  in  contact  with  these  substances 
streams  of  other  air  than  what  issues  from  the  thorax.*  The  operations 
by  which  the  man  in  the  fable  blew  hot  and  coid  "  out  of  the  same  mouth  " 

■  Dnen  not  the  nme  principle  perform  an  imporUDt  part  in  respiration  7— the  lungs 
not  bcinj{  wlioily  inflated  by  air  directly  in  front  of  the  lips,  where  particles  of  thai 
previjuxly  eiha!eH  might  still  linger,  but  also  by  currents  flowing  in  from  all  sides  ot 
the  Ciiciitli  or  nostrils. 
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may  here  be  oxplaineJ  :  in  the  Brst  case  the  hollow  hands  closely  encon: 
passed  the  mouth  and  received  the  warm  air  from  his  chest;  in  the  latter 
his  food  was  at  a  distance  from  his  lips,  and  consequently  the  heat  of  his 
breath  was  absorbed  by  the  surrounding  air  and  Uiat  which  was  earned 
along  with  it  to  his  soup. 

A  blast  of  wind  directed  over  the  surface  of  a  placid  pond  or  lake  not 
only  creates  a  current  on  the  latter,  but  sometimes  bears  away  part  of  the 
water  with  it.  A  vessel  sailing  before  the  wind  is  aided  in  her  course, 
h  it  may  be  but  slightly,  by  the  liquid  current  produced  on  the 
's  surface.  Storms  of  wind  long  continued  heap  up  the  sea  against 
the  mouths  of  rivers,  and  cause  them  to  overflow  their  banks,  while  low 
tidc-s  often  result  from  the  same  agent  driving  the  ocean  away  in  opposite 
directions.  These  effects  of  wini  weie  observed  in  remote  ages.  "He 
raiseth  the  stormy  wind  which  lirt^,th  up  the  waves."  The  river  Jordan 
as  **  driven  back  "  by  wind,  «•#  that  •*  aJl  the  Israelites  passt^u  over  on  dry 


thoug 
ocean 


was 


ground."     By  its  agency,  a  passage  for  the  same  people  was  opened 
through  the  Red  Sea.     "  And  Moses  scretchcd  out  his  hand,  over  the  sea 
and  the  Lord  caused  the  sea  to  o;o  back,  %  a  Btrong  ^cut  wind  all  tlia 
nighty  and  made  the  sea  dry  land,  and  die  watars  were  divided."  Exoduf 
xiv.  21. 

On  the  other  hand,  rivers  and  water-falls  bear  down  immense  quantities 
of  air  with  them.  Strata  of  this  fluid  on  the  surfaces  of  rapid  streams  ac- 
quire a  velocity  equal  to  that  of  the  latter,  and  in  some  places  aerial  cur- 
rents thus  produced  are  very  sensible.  At  Niagara  they  are  sufficient  to 
drive  mills  or  supply  blasts  for  a  long  line  of  forges.  In  1S29,  while  as- 
cending the  path  on  the  Canadian  side,  in  order  to  pass  under  the  grand 
chute,  we  entered  suddenly  into  one  of  those  invisible  currents  under  the 
Table  Rock,  and  were  nearly  prostrated  by  it.  It  is  the  ascent  of  this  air 
loaded  with  minute  particles  of  water,  (which  are  borne  up  by  it  in  th€ 
same  manner  that  it  is  itself  carried  down)  that  contributes  to  the  formst 
tion  of  the  solar  and  lunar  rainbows  seen  at  the  great  North  American  am 
other  cataracts.  Heavy  rains  bringdown  oceans  of  air,  and  in  the  showei 
bellows,  or  troinhe,  blasts  of  wind  are  produced  on  the  same  principle 
Oould  we  see  the  air  brought  down  by  heavy  showers,  we  should  behold 
it  rebounding  from  the  earth,  something  like  smoke  when  driven  again.it 
a  wsdl  or  any  other  plane  surface. 

As  the  trombe  illustrates  this  part  of  our  sjbje;:, 
a  figure  of  one  may  as  well  be  given.  The  piue  A. 
discharges  wacer  fro.n  a  reservoir  into  a  funnel  placed 
on  the  vertical  tu:3  C  The  end  of  A  terminates 
in  the  funnel,  and  opposite  to  it  is  made  a  number 
of  openings  in  C.  two  of  which  are  shown  in  the  cut. 
lY't  lower  end  of  C  enters  the  close  vessel  D,  and 
discharges  its  contents  on  a  stone  placed  directly 
under  it.  As  the  water  from  A  passes  down  C,  it 
draws  air  along  with  it  through  the  top  of  the  funnt! 
and  also  throuj^h  the  holes  in  the  upper  part  of  C 
As  the  liquid  dashes  against  the  stone,  the  air  sepa- 
rates and  rises  to  the  top  of  the  vessel,  whence  it  ia 
fc»rced  by  successive  volumes  through  B  to  the  firO; 
while  the  water  collects  at  the  bottom  and  is  let  off 
by  a  regulatino;  valve  or  cock.  This  machine  it  w'll 
be  perceived  is  a  miniature  imitation  of  some  of  na- 
ture's operations ;  for  cascades,  water-falls,  and  also 
Nok  196.  TiM  Troabe.     heavy  showers  of  rain,  are  all  natural  tromlies 
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The  trombe  is  of  considerable  antiquity.  It  was  known  to  Heron,  zxii 
•8  referred  to  in  Phny's  Natural  History.  Kircher  has  given  several  figures 
of  it.  See  torn,  i,  203,  of  his  Mundus  Subterraneus,  a«d  torn,  ii,  pp.  310. 
347,  of  his  Musurgpa  Universalis ;  in  which  last  work  he  shows  its  appli* 
cation  to  supply  wind  to  organs,  and  by  discharging  the  water  from  the 
bottom  of  the  vessel  upon  a  wheel  he  imparted  motion  to  the  keys  of  those 
instruments.     See  also  Phil.  Trans.  Abridg.  vol.  i,  498. 

Liquids  raised  by  currents  of  air  may  be  illustrated  by  operations  in 
common  life.  Whenever  water  in  a  well  settles  to  a  level  with  the  orifice 
of  the  pump  pipe,  air  rushes  in  (on  the  ascent  of  the  sucker)  and  sweeps 
up  with  it  portions  of  the  liquid  in  the  form  of  dense  rain.  On  the  same 
principle  people  are  enabled  to  taste  scalding  liquids.  The  next  time  the 
reader  sips  hot  soup,  or  tea,  or  coffee,  be  vriiX  find  himself  involuntarily 
keeping  the  edge  or  rim  of  the  spoon  or  vessel  a  short  distance  from  his 
mouth,  and  protruding  his  lips  till  the  upper  one  projects  a  little  over  the 
ei^gQ  :  then  drawing  in  his  breath,  the  entering  air  ripples  the  surface  of 
the  liquid,  and  by  its  velocity  bears  broken  portions  along,  precisely  like 
the  pump  just  mentioned.  The  liquid  particles  beine;  thus  mixed  with 
comparatively  large  volumes  of  cool  air,  are  so  i*educecl  in  their  tempera- 
ture as  to  be  received  without  injury  and  without  inconvenience.* 

Water-spouts  appear  to  be  charged  in  much  the  same  way,  whatever 
may  be  the  active  agent  in  the  formation  of  these  singular  phenomena ;  for 
the  sea  immediately  under  their  orifice  has  often  been  observed  to  bubbl<) 
or  boil  violently,  and  rise  into  the  spout  in  disjointed  masses. 

A  stream  of  water  directed  into  or  through  a  body  of  the  same  Itqmd^ 
also  communicates  motion  to  those  particles  of  the  latter  that  are  in  contact 
with  or  adjacent  to  the  current.  Examples  of  this  are  furnished  in  several 
of  nature's  hydraulic  operations.  That  constant  oceanic  current  produced 
by  the  trade  winds  is  one.  It  sweeps  round  the  globe,  but  is  deflected 
and  divided  by  the  varying  configuration  of  the  lands  that  lie  in  its  way. 
Under  the  torrid  zone,  it  passses  through  the  Pacific  and  Indian  oceans, 
whirls  round  the  southern  point  of  Amca,  inclines  to  that  continent  in 
again  approaching  the  equator,  then  stretching  across  the  Atlantic  is  di- 
vided by  the  South  American  coast— one  part  turning  northward  to  the 
Gulf  of  Mexico— thence  this  last  division  issues  as  the  Gulf  Stream,  and 
being  turned  in  an  easterly  direction  by  the  coast  of  the  United  States,  it 
be?rs  away  past  the  banks  of  Newfoundland,  and  extends  its  influence  to 
Ireland,  Iceland,  Norway  and  the  North  Sea.  This  mighty  current  not 
only  drawp  with  it  the  liquid  channel  through  which  it  flows,  but  the  ocean 
for  leag'jes  on  each  side  is  carried  along  with  it,  or  follows  in  its  train ; 

'  Some  of  the  operations  of  the  month  are  deserving  of  particular  notice.  Thev  will 
be  found  to  elucidate  several  philosophical  principles,  and  attention  to  them  would  cer 
tainly  have  enabled  inventors  to  have  anticipated  many  useful  discoveries.  We  have 
in  a  precedina  book  observed  that  the  mouth  is  o(\en  employed  as  a  forcing  pump  in 
eiectmg  liquids,  and  as  a  sucking  one  when  drawing  them  through  siphons,  or  through 
simple  tubes.  We  have  just  seen  how  it  raises  hot  liquids  by  drawing  a  stream  of  air 
over  them,  and  machines  on  the  same  principle  have  been  made  to  rai^e  water.  It  is 
oflea  used  as  a  bellows  to  kindle  fires,  and  every  body  employs  it  to  cool  hot  victuals 
by  blowing.  It  even  acts  as  a  stove  to  warm  our  frozen  fingers,  by  giving  out  heated 
Air.  Many  make  a  condensing  air-pump  of  it.  to  fill  bladders,  air-beds  and  air>pillows : 
some  make  an  exhausting  one  of  it,  and  in  all  it  acto  continually  as  both  in  respiration, 
low  often  does  it  perform  the  part  of  a  fife,  an  orffan.  or  a  whistle,  to  produce  music  f 
^of  an  air-gun  to  shoot  bullets  and  arrows  from  the  sarbacan  ? — and,  not  to  weary  the 
*-eader,  when  employed  in  smokinir  a  pipe  of  tobacco,  we  see  in  operation  tho  identical 
principle  of  increasing  the  drafl  of  locomotive  chimneys  bv  exhaustion^,  e.  a  sucking 
apparatus  is  applied  to  that  extremity  of  the  flue  that  is  the  farthest  from  the  fire — a  device 
p'jtented  m  Europe  a  few  rears  ago. 


tTS  Water  raitihyamftUi^tke  tame  UqiiiA.  [B.X)kV. 

RnJ  thus  II  is  incsMantly  tTKnaferriagtonarthem  latitudca  uk  KAimvaMr* 
of  the  Cijuinc  jU«1  regions.* 

Thti  voluniei  of  w&ter  which  shoot  from  the  moutkB  of  the  Amazon, 
Oronoco  and  Mississippi,  continue  with  almost  undbated  velocity  Tor  league* 
into  the  sea,  and  impart  modon  to  the  cootiguoai  porticns  of  the  luter, 
which  are  compelled  to  accompany  them  in  their  course. 

'  A  current  of  water  not  only  imparta  motion  in  this  manner  to  a  raoM  of 
the  same  liquid  when  on  a  level  with  Jtaeli',  hut  it  may  be  applied  lo  raut 
water  from  a  loieer  Uvd.  This  at  first  siijht  Joes  not  appear  very  obviooa. 
A  person  having  a  field  which  he  is  unub^  to  drain  for  want  of  a  plac« 
of  discharge  sufficiently  low  for  the  purpose,  would  hardly  think  his  object 
could  be  obtained  by  passiiig  a  rapid  Ureara  into  it  from  a  higher  level. 
To  some  farmers  this  would  seem  the  most  direct  way  to  deluge  the  land ; 
yet  the  thing  is  nut  only  possible,  but  in  tome  cases  quite  easy,  as  will 
appear  from  the  fallowing  experiments  made  by  M.  Venturi  in  1797. 

From  the  lowor  part  oT  the  cistern  D,  No.  199,  a  horizcatal  tube  pn>- 
ce^^  into  the  vessel  A  C.  The  water  in  D  was  kept  at  33J  inches 
above  thn  centre  of  the  pipe.  Opposite  and  at  a  short  distance  from  the 
pipe  waa  placed  the  mouth  of  an  inclined  rectangular  channel  or  gutter, 
iipen  at  top.  The  water  issuing  from  the  pipe  rushed  up  this  channel,  and 
was  diichargitd  et  B ;  but  as  it  entered  the  gutter,  the  current  dragged  in 
with  it  the  coii'ints  of  A  C,  until  the  surface  sunk  from  A  to  C.  From 
this  experiment  it  is  obvious  that  land  on  a  low  level,  a«  at  C,  mi^ht  ha 
draiiieil  in  this  manner,  and  the  water  discharged  above,  as  at  fi,  where- 
over  a  motive  corrent  could  be  obtained.  Veniuri  applied  the  principle 
with  success  to  some  marshy  land  belonging  to  the  public. 

In  the  next  experiment  both  air  and  water  are  moved   by  the  currert, 
and  the  pressure  of  the  atmosphere  excited  to  raise  water  as  in  the  pipe 
_    I  of  a  pump.    The  cylindri- 

cal tiibe  K  (N0.260)  waj 
k  K  connected   to  a   reservoir 

Ei  of  water,  D,  the  surface 
-*'  as  before  being  32^  inches 
above  its  orifice.  The  pipe 
KwaslSlines  in  diameter 
and  57  long.  A  glass  tube 
A  B  was  connected  to  its 
upper  surface  at  the  dis- 
tance of  eight  lines  froia 
its  junction  with  the  reser- 

Na.lM  Ko.Wfc  ^°^'-     ^''^   '*^^"  ^'"*  "*" 

the  glass  tube  Jescen-lc J 
nto  a  vessel,  T,  containing  a  colored  liquid.    When  water  flawed  through 


•  Ploaiinjt  HiibnUinceH  have  oltsu  be«n  thrown  into  ihe  Giiir  9iresn 
recliiin.     Ugiwarils  of  twenij  jttiw  uo  we  en**  nrcrbOBrd.  neortJifl  1 
rt  bottle  careriiMf  corhed  and  eetled,  mi  having  >  f«w  inchiM  of  red  bi 


UpwariJs  of  twenty  Tea™  a*o  w 
quart  bottle  careriitlf  corhed  and  eetled,  aii'  ^  -a 

nie  nrck  The  bottle  cnntntned  a  letter  addresaed  10  a  ^nlleman  in  London,  a 
open  note  in  Enf^linh  and  French,  requesting  the  linder  to  put  the  letter  inio  the  nearex! 
pnsl-office,  American  or  European,  and  aluo  n  metnorHndum  arthe  circumiitttnced.  dHIc 
and  place  of  iu  diMovery.  Preclselv  eleven  ntonlhi  rroni  the  day  the  bottle  was  cum 
milled  lo  the  deep,  the  letter  waa  delivered  by  the  pnainian.  and  accompanied  with  an 
other  from  nn  Iriih  elerfymnn.  The  fragile  vesael  floated  tiMy  nihorc  near  Sligo.  it* 
lillle  pennon  excited  thrj  uiieniion  nfa  peamnl.  who  broke  tlie  bottle,  and  not  kuowing 
what  10  make  ofilie  rniiieiila,  carried  the  whole  lo  lit*  prieil.  Thia  ^enlleniBn  polilelv 
Ifirwnrded  the  letter  10  its  deslinntioii,  and  wtole  innther  eonlaining  the  particulars  juii 
ateniioned.  Both  leiiera.  ne  believe,  wers  Uid  befor*  th«  Bri<iih  Admiralty  by  Ihe  gsn 
tUmaii  lo  whom  tliev  were  vldf^sMd. 
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K  it  dragged  tbe  ux  st  thu  moatli  otth»  glaM  tube  with  it,  the  tvmaining 
■ir  dilated,  and  Rnally  the  wbole  was  carriod  out  with  the  efflueat  water, 
and  the  colored  liquid  rose  to  the  hmgbl  of  24  inches  in  A  B.  The  glase 
tabe  wai  then  ahoriened  to  about  22  uiches,  when  the  contents  of  T  rosa 
up  and  were  discharged  from  K.  In  another  experiment  K  was  placed 
in  nearly  i.  perpendicuiar  position,  being  iacltned  a  little  that  the  jet  might 
not  fail  back  on  itself,  hut  the  liquid  rose  through  A  B  as  before.  1  ho 
end  of  A  B  where  it  joined  K  wa*  fiuab  with  the  interior  surface  of  the 
latter.  Severs]  small  holes  were  made  round  K  ;  these  diminished  the 
velocity  of  the  issuing  cnrrent,  bat  no  water  escaped  through  the  openings 

There  is  a  singalar  fact  relating  to  the  discharge  of  liquids  from  differen: 
shaped  ajutages  :  for  example,  more  water  flows  through  a  short  tube  than 
through  B  simple  orifice  of  the  same  diameter.  A  circular  opening,  of  tli« 
.-»me  diameter  as  the  bore  of  K  in  the  last  Bgure,  was  made  in  a  she«tof 
tin,  and  Uie  latter  attached  to  a  cistern  in  wbich  the  water  was  kept  at  a 
constant  attitude  of  32 j  inches :  now  while  four  cubic  leet  of  water  esc^td 
through  tbe  opening  in  41  seconds,  an  etjual  quantity  passed  through  K  iu 
31  seconds ;  and  when  the  length  of  K  was  only  twice  its  diameter,  the 
quantity  discharged  was  still  greater. 

But  the  quantity  dischat^ed  may  be  still  further  increased  if  the  end  of 
R  next  the  reservoir  be  made  to  assume  the  tbrm  of  the  eomtraded  vrim. 
This  term  is  used  to  designate  that  contraction  which  a  liquid  column  un- 
dergoes when  escaping  through  an  orifice,  or  when  entering  a  tube.  Sup- 
pose an  aperture,  an  inch  in  diameter,  made  in  the  bottom  of  a  buchut  or 
a  cauldron,  and  closed  by  a  plug.  Then  fill  the  vessel  with  water,  and 
withdraw  the  plug.  Upon  examination  the  descending  column  will  be 
found  contracted  or  tapered  for  a  short  distance  below  tlie  orilice,  vii, 
half  an  inch,  or  half  the  diameter  of  the  orifice.  The  area  of  the  set^on 
of  the  smallest  or  most  contracted  part  will  be  to  the  orifice  as  10  to  16 
according  to  Bossut,  but  when  a  short  cylindrical  lube  was  applied  to  the 
orifice,  he  found  the  contraction  as  10  to  12.3.  (The>  same  thing  occurs 
whether  the  opening  he  made  in  the  side  or  bottom  of  a  vessel.)  Hence 
by  enlarging  the  end  of  K-nest  the  reservoir,  in  the  proportions  named, 
the  contraction  within  the  cylindrical  part  of  the  tube  would  be  avoided, 
and  the  discharge  consequently  increased. 


By  substituiing  for  K  a  compound  tube  of  the 
figured  at  No.  201,  the  quantity  discharged   has  bt 
more  than  doubled,  being  to  that  delivered  by  the  orifice  in  the  tin  plal 
u  24  to  10 !     A,  the  cistern ;  B,  a  short  conical  tube  connecdng  the  c/Mn 


180  Ducharge  ofJjiquiS*  through  Conical  AjtUages,       [Bock  V 

drical  one  to  the  conical  frustrum  C  D.  Supposing  the  diameter  of  C 
to  be  unity  or  1,  that  of  D  should  be  1.8,  and  the  distance  between  tbera 
^.  The  increased  discharge  ceases  when  the  cylindrical  part  of  the  tube 
B  O  is  of  considerable  length,  and  of  the  same  bore  as  the  smaller  end 
of  C  D. 

A  tube  of  the  form  represented  at  No.  202  was  applied  by  Venturi  to 
the  same  reservoir,  the  depth  of  water  in  wh.ch  was  also  kept  at  32^ 
inches.  Three  glass  tubes,  ABC,  were  connected  to  the  under  side  of 
the  pipe,  and  their  lower  ends  inserted  into  a  vessel  containing  mercury. 
When  water  flowed  through  the  pipe  the  mercury  rose  53  lines  in  A,  20 
in  B,  and  7  in  C.  These  quantities  correspond  >^  ith  62  inches  of  water 
in  A,  24  inches  in  B,  and  8  in  C.  The  length  of  the  pipe  should  not  ex- 
ceed four  times  the  diameter  of  its  smaller  end;  and  its  sides  should  not 
diverge  from  each  other  more  than  what  is  required  to  form  an  angle  of 
from  three  to  four  degrees.  By  this  principle  it  will  be  perceived,  that 
water  may  also  be  raised  from  a  lower  level  and  discnarged  at  an  upper 
one,  and  m  many  situations  it  might  doubtless  be  adopted  with  advantage. 
See  Nicholson's  Journal,  vol.  ii,  and  Hachette's  Traite  El^mentaire  dea 
Machines. 

Different  causes  have  been  assigned  for  the  increas/d  discharge  of 
liquids  through  conical  tubes.  One  is  certainly  to  be  found  in  the  materia] 
of  which  they  are  made  ;  for  when  formed  of  or  lined  with  any  substance 
that  repels  or  refuses  to  coalesce  or  be  wetted  with  the  effluent  water,  as 
wax,  tallow,  &c.  the  effect  ceases.  The  phenomenon  therefore  depends 
upon  the  attraction  and  adhesion  of  the  liquid  to  the  sides  of  the  tubes, 
which  sides  exert  a  capillary  force  in  drawmg  the  particles  of  the  liquid 
towards  them,  so  as  not  only  to  prevent  its  assuming  the  figure  of  the  con- 
tracted vein  when  entering  the  tube  No.  202,  but  also  drawing  the  particles 
to  the  diverging  sides  of  the  discharging  ajutage. 

A  knowledge  of  the  increased  discharge  of  liquids  from  conical  tubes 
has  led  some  persons  to  take  advantage  of  the  fact,  to  the  serious  injury 
of  others.  We  have  heard  of  the  purchaser  of  a  water  power,  who  ac- 
cording to  the  covenant  was  to  connect  his  mill-race  with  the  dam  by  a 
trunk  of  a  certain  specified  bore  at  the  junction.  This  he  did,  but  making 
the  sides  of  the  trunk  diverge  as  in  the  last  figure,  the  proprietor  of 
the  dam  was  astounded  to  find  the  water,  as  if  moved  by  instinct,  giving 
the  new  channel  the  preference,  and  unaccountably  persisting  in  rushing 
through  it  with  a  velocity  that  threatened  to  drain  the  well  supplied  reser- 
voir, and  leave  his  own  mill  to  take  its  rest.  This  increased  discharge  is 
not  confined  to  tubes  of  a  cylindrical  or  conical  form.  The  walls  of  tha 
channel  may  be  straight,  and  its  section  may  be  a  square,  a  triangle,  &c. 
as  well  as  a  circle. 

There  is  some  reason  for  believing  that  overreaching  in  this  way  is  not 
wholly  a  modern  discovery.  No  c?ty,  ancient  or  modern,  was  perhaps 
ever  supplied  with  water  in  greater  profusion  than  old  Rome  ;  yet  the  con- 
tents of  her  aqueducts  were  meted  out  with  economy,  and,  as  in  modern 
times,  a  revenue  was  derived  from  the  sale  of  the  water.  The  superin- 
tendence of  the  aqueducts  and  of  the  distribution  of  the  liquid  through  the 
streets  and  houses  were  always  intrusted  to  a  citizen  of  rank  and  talents. 
The  celebrated  Frontinus  held  the  office  under  Nerva,  by  whose  directions 
he  wrote  two  books  on  the  water-works  of  Rome,  the  times  of  their  erec- 
tion, districts  of  the  city  supplied  by  each,  the  number  of  pul^lic  and  prr 
vate  fountains,  quantities  of  water  discharged  from  different  sized  orifices, 
&c.  From  him  we  learn  that  numerous  &auds  were  practiced  in  obtaining 
more  than  the  assigned  quantity  of  the  liquid,  one  of  the  means  for  pre> 
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ro.iting  which  was  this :  when  a  pipe  for  the  supply  of  a  house  was  to  be 
ccnnccled  to  the  castellum  or  reservoir,  (which  received  the  water  from 
one  of  the  aqueducts)  a  brass  calix^  or  short  hent  tube,  (probably  the  same 
as  the  modern  ones  which  connect  the  lateral  pipes  to  the  mains)  was  de- 
livered by  the  ofHccr  in  charge  to  tlio  workmen,  to  insert  into  the  castellum; 
and  it  was  enacted  that  the  bore  of  the  cylindrical  leaden  pipe  should  be 
the  same  as  that  of  the  calix  for  at  least  Jifiy  feet  from  the  castellum.  It 
is  therefore  pretty  clear»that  Roman  engineers  were  aware^  that  the  in- 
creased discnarge  through  enlarged  orifices  ceases  when  a  considerable 
length  of  pipe  of  the  same  bore  as  the  calix  intervened. 
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Currents  of  air  and  other  elastic  fluids  may  be  employed  to  raise  water 
In  a  manner  different  from  any  yet  noticed ;  i.  e.  not  by  any  modificaf><'>n 
of  the  lateral  communication  of  motion,  nor  by  breaking  the  liquid  into 
minute  particles  by  the  motive  fluid  mixing  with  them,  but  by  the  removal 
or  diminution  of  atmospheric  pressure.  The  principle  to  which  we  allude 
is  to  be  found  more  or  less  active  in  nature,  and  illustrations  of  it  are  not 
infrecjuent  in  common  life,  although  for  want  of  reflection  they  are  seldom 
noticed  and  are  not  always  understood. 

Meteorologists  have  long  observed  that  storms  of  wind  are  accompanied 
with  a  diminution  of  the  air's  pressure,  and  that  the  descent  of  the  mercn- 
rial  column  in  the  barometer  keeps  pace  generally  with  the  violence  of 
the  tempest :  thus  in  hurricanes  the  depression  is  much  more  than  during 
ordinary  gales,  while  in  the  vortex  of  a  tornado  or  a  whirlwind  it  is 
excessive. 

Sonv3  persons  are  apt  to  consider  winds  as  proceeding  directly y^iwi  th*» 
power  thaf  generates  them,  as  a  stream  of  water  proceeds  from  a  fire- 
engine  or  one  of  air  from  a  bellows,  whereas  they  as  often  rush  towards 
the  source  that  gives  them  birth ;  and  hence  it  is  that  hurricanes,  sonic 
times  if  not  always,  commence  at  the  leeward.  Should  any  mystery  ap- 
pear in  this  it  is  easily  explained  : — if  a  person  blow  through  a  tube,  the 
blast  proceeds  from  him ;  if  he  suck  air  through  it,  the  current  is  directed 
o  him :  when  we  close  a  pair  of  bellows,  wind  issues  from  the  nozzle ;  if 
..ney  are  opened  while  the  valve  in  the  lower  board  is  shut,  it  rushes  back 
through  the  same  channel :  so  it  is  with  currents  in  the  atmosphere.  A 
partial  void  is  formed  in  the  upper  regions,  perhaps  by  electricity,  by 
changes  of  temperature  or  humidity,  by  rarefaction  or  other  causes,  and 
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instantly  oceans  of  the  fluid  matter  around  rush  to  restore  the  equilibrium: 
then  the  removal  of  these  oceans  necessarily  induces  others  to  move  also 
to  take  their  place,  and  in  this  way  various  strata  of  the  atmosphere,  for 
miles  and  hundreds  of  miles,  are  put  in  motion  towards  the  place  where 
the  cause  of  their  movements  is  located,  and  in  a  way  not  unlike  that  by 
which  streams  of  air  enter  a  person's  mouth  while  he  sucks  an  empty  tube, 
or  a  bellows  during  the  act  of  opening  them. 

'^  When  the  lowering  sky  and  flitting  clouds  announce  the  approach  of  B 
violent  storm,  and  when,  like  a  demon  broke  loose,  it  destroys  in  its  fury 
nearly  every  thing  in  its  track,  we  commonly  suppose  tfie  mischief  is  done 
by  the  direct  imptdsc  of  the  blast — that  agitated  and  groaning  forests,  trees 
prostrated,  walls  and  fences  leveled,  buildings  o'erturned  and  others  un- 
roofed, &c.  are  the  results  of  a  tempest  sweeping  these  objects  before  it, 
somewhat  as  we  blow  dust  &c.  from  a  table  or  from  the  cover  or  edge  of 
a  book.  But  this,  though  sometimes  the  case.  Is  not  always  so ;  for  if  it 
were,  almost  every  object  blown  down  by  the  wind  would  be  found  lying 
m  the  direction  of  the  blast,  whereas  they  are  frequently  discovered  in  the 
ci^posite  one.  The  effects  enumerated  are  sometimes  caused  by  winds 
blowing  over  a  district  of  country  without  coming  in  contact  with  the  earth 
M  the  objects  upon  it,  but  merely  sweeping  at  some  distance  above  them : 
4t  other  times  similar  results  are  met  with  at  the  extreme  edge  of  a  storm, 
%iid  even  beyond  it.  In  these  cases  a  partial  vacuum  produced  bv  the 
serial  currents  often  works  all  the  mischief,  although  it  may  be,  as  it  fre,- 
ipiently  is,  but  of  momentary  duration.  Close  buildings  have  been  instan- 
laneously  destroyed  by  the  expansion  of  the  air  tvithin  thef/i,  their  walls 
being  thrown  outwards,  and  their  roofs  projected  aloft.  The  tornado  by 
wh^ch  the  city  of  Natchez  was  recently  destroyed  furnished  striking  proofs 
•)f  this  removal  of  atmospheric  pressure,  and  of  fearful  damages  occasioned 
Dv  the  void.  The  doors  and  windows  of  one  or  two  houses  left  standing 
amid  the  generali  wreck  happened  t^  be  open,  and  thus  furnished  avenues 
for  the  dilated  air  to  escape.  In  sc  "^e  houses  the  leeward  gable  ends 
were  pushed  out,  and  the  windwara  ones  stood;  in  others,  the  leeward 
walls  remained  standing  while  those  to  the  windward  were  thrown  out- 
wards in  the  face  of  the  storm.  Bofn  gable  ends  were  burst  out  in  some, 
and  of  others  the  sudden  expansion  of  the  air  raised  the  roofs  for  a  pas- 
sage, and  left  more  or  less  ol  the  walls  standing  » 

T?ersons  whose  ideas  of  a  vacuum  are  inseparably  associated  with  air- 
tight vessels,  wonld  hardly  suppose  that  any  thing  approaching  to  one 
could  be  formed  in  the  open  regions  above  and  about  us ;  yet  every  breath 
of  wind — the  gentle  zephyr  as  well  as  the  fiirious  tempest — destroys  the 
equilibrium  of  the  air's  pressure,  and  consccjuently  produces  a  partial  void; 
and  it  will  be  seen  in  this  and  the  following  chapter  that  a  vacuum  may 
be  produced  and  maintained  in  open  tuhes.  It  should  however  be  kept  in 
mind,  that  an  absolute  vacuity  is  not  found  in  nature  nor  to  be  obtained  by 
art :  the  slightest  rarefaction  and  the  best  results  of  the  best  air-pump  are 
but  degrees  in  the  range  of  a  scale,  of  whose  limits  we  know  but  little. 

A  few  more  familiar  illustrations  of  the  removal  or  diminution  of  atmos- 
pheric pressure  by  currents  of  air  will  not  be  out  of  place.  And  first,  who 
nas  not,  while  sitting  by  a  winter's  fire,  witnessed  the  coals  in  the  grate 
brighten  suddenly  up,  and  heard  the  flames  and  heated  air  roar  in  the 
chimney  as  if  urged  for  a  few  moments  by  some  invisible  bellows-blower  1 
—phenomena  attributed,  we  believe,  in  the  days  of  witchcraft,  to  elves  and 


*  See  an  interesitin/^  account  of  this  tornado  by  Dr.T'>oley,  of  Natchez,  in  the  Jonmal 
•f  UM  Frar.1clm  fnstitate  for  June,  1840 
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&irieSy  those  mischievous  imps  who,  in  their  wayward  moods,  8(irnotimei 
andertook  to  blow  the  fires  as  well  as  to  sweep  and  sand  the  floors  of  the 
houses  they  visited,  and  who,  by  their  screams  of  delight  on  leaving  their 
work,  were  supposed  to  produce  the  hollow  sounds  in  the  flue  as  they 
darted  up  to  jom  their  comrades  in  the  tempest  without !  It  need  hardly 
be  observed  that  it  is  gusts  of  wind,  sweeping  in  particular  directions  over 
the  tops  of  chimneys,  and  thereby  causing  a  partial  vacuum  within  them, 
that  thus  powerfully  increases  the  draft.  But  it  is  not  necessary  to  have 
fire  in  the  grate,  for  the  effect  may  be  noticed  in  parlors  during  the  summer 
months,  when  those  light  and  ornamental  paper  aprons  with  which  ladies 
cover  the  fronts  of  their  grates  are  often  thus  drawn  into  the  flues,  and  be- 
come disfigured  and  spoiled. 

Other  examples  may  be  derived  from  the  movements  of  interior  doors, 
blinds  and  curtains  of  windows.  &c.  While  we  are  writing,  the  front 
door  of  our  dwelling  is  opened  which  affords  a  clear  passage  from  the 
street  to  a  garden  :n  the  rear.  The  co»ir  of  the  room  we  occupy  opens 
into  the  passage,  through  which  a  flaw  of  wmd  has  just  passed,  and  in  a 
twinkling  the  blinds  swing  from  the  windows,  and  the  door  is  slammed  to 
its  frame,  by  the  air  in  the  room  rushing  to  join  the  passing  current,  or  to 
fill  the  slight  vacuum  produced  by  it.  An  open  fire-place  creates  a  draft 
up  the  chimney,  which  acts  as  a  pump  to  draw  cold  air  into  the  room; 
hence  the  complaint,  not  at  all  uncommon,  of  being  roasted  in  front  while 
facing  the  fire,  and  at  the  same  time  experiencing  the  unmitigated  rigors 
of  winter  behind.  (In  such  cases  the  combustion  should  be  supported  by 
air  drawn  from  without  by  a  pipe  terminating  beneath  the  grate — a^icvice 
patented  in  modern  days,  though  it  was  known  two  centuries  ago,  and  is 
described  by  M.  Gaugcr  in  his  treatise  on  "  Fires  Improved,"  a  work 
translated  by  Desaguliers  in  1715.*)  The  motion  of  every  object  in  nature 
produces  currents  of  air,  and  in  every  possible  direction — the  movement 
of  the  hand  in  writing  or  sewing — the  trembling  of  a  leaf  or  of  an  earth- 
quake— the  flight  of  an  eagle  or  of  an  insect — the  ball  whizzing  fvom  a 
cannon's  mouth,  the  creeping  of  a  snail,  or  a  wasp  using  her  forceps. 

Artificial  illustrations  might  be  quoted  without  end.  Lay  two  books  of 
the  same  size,  or  two  pieces  of  board,  six  or  ei^ht  inches  apart  upon  a 
table,  and  place  a  sheet  of  paper  over  them;  then  blow  between  the  books, 
and  the  paper,  instead  of  being  displaced  by  the  blast,  will  be  pressed 
down  to  the  table  by  the  atmosphere  above  it,  and  with  a  force  propor- 
tioned to  the  intensity  of  the  blast.  Instead  of  the  mouth  next  use  a  pair 
of  bellows,  by  inserting  the  nozzle  under  one  edge  of  the  paper,  and  the 
effect  will  st^U  be  the  same.  The  stream  of  wind  may  even  be  directed 
partly  against  the  under  side  of  the  paper,  which  notwithstanding  will  re- 
tain Its  place  and  be  pressed  down  as  before.  Suspend  the  books  or  fix 
them  to  the  under  side  of  a  table,  then  hold  on  the  paper  till  the  blast  is 
applied,  when  the  sheet  will  be  sustained  against  gravity.  Fold  the  paper 
into  a  tube  and  blow  through  it  with  the  mouth,  or  with  bellows — in  both 
cases  it  will  be  collapsed.  From  this  experiment  we  learn  that  the  force 
which  fluids  exert  against  the  sides  of  pipes  that  contain  tlioni,  is  greatly 
diminished  when  they  pass  rapidly  through.  We  have  known  a  small 
leak  in  the  pipe  that  supplied  steam  to  a  high-pressure  engine,  cease  to 
give  out  vapor  every  time  the  communication  was  opened  to  the  cylinder 

•  '<  PamlHtlical  iviibs"  ^also  patented)  or  backi*  of  grates  for  reflecting  from  their  po. 
Wished  surfaces  the  heat  into  tlie  room,  are  deiicribed  in  the  same  interesting  little  work 
At  page  140  Desaguliers  speaks  of  bellows  invented  and  patented  by  Captain  Savery— 
a  device  of  his  that  is  no  where  else  mentioned  that  we  are  aware  of. 
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—  the  particlefl  of  the  fluid  then  being  hurried  along  with  a  velocity  too 
great  to  allow  any  of  them  to  change  their  direction  to  escape  at  the  leak. 
The  following  abstract  of  experiments  made  by  us  in  1834-5,  to  illus- 
trate the  same  principle,  may  interest  some  readers : — To  ascertain  the 
extent  to  which  atmospheric  pressure  was  removed  from  under  the  sheet 
of  paper,  we  bent  a  <«mall  glass  tube  at  right  angles,  and  placing  one  end 
under  the  paper  let  it  r«st  on  the  table,  while  the  other  descended  into  a 
tumbler  containingr  a  little  water.  Then  taking  a  small  pair  of  bellows, 
and  directing  the  blast  over  the  pipe,  the  water  rose  from  one  half  to  three 
fourths  of  an  inch.  The  books  upon  which  the  sheet  laid  were  then  placed 
wiihin  two  inches  of  each  other,  when  tne  effect  was  increased,  the  liquid 
rising  from  1 J  to  2  inches.  We  next  laid  aside  the  paper  and  made  use 
of  two  tubes,  one  to  blow  through  and  the  other  to  measure  the  ascent  of 
the  liquid. 
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Two  leaden  or  block  tin  tubes,  straight  and  polished  in  the  inside,  wore 
united  at  right  angles.  See  No.  203.  A  C  the  blowing  pipe,  8  inches 
long  and  half-inch  bore.  B  12  inches  long  and  three-eighths  bore.  The 
upper  end  of  B  was  joined  flush  and  smooth  with  the  interior  of  the  other 
three  inches  from  the  end  A.  Upon  applying  the  mouth  to  C  and  blowing 
in  the  direction  C  A,  indicated  by  the  arrow,  instead  of  the  liquid  rising 
in  B,  part  of  the  current  from  the  lungs  entered  that  tube  and  was  forced 
through  the  water  in  the  tumbler.  Various  portions  of  the  end  A  were 
then  cut  off  without  changing  the  result,  until  half  an  inch  only  remained 
in  front  of  the  joint,  when  the  air  no  longer  descended,  but  no  rarefaction 
was  produced  in  B.  When  both  tubes  were  made  of  the  sartie  bare^  part 
of  the  blast  descended  in  B  until  the  whole  of  A  in  front  of  the  joint  was 
removed.  In  numerous  trials,  the  water  in  the  lower  end  of  B  was  de- 
pressed more  or  less,  whether  the  blast  of  wind  through  A  was  weak  or 
strong.  (From  these  experiments  we  discover  the  impropriety  of  placing 
sylindrical  tubes  on  chimney  taps  at  right  angles  to  the  draft,  and  espe- 
cially on  locomotive  carriages,  as  was  at  first  proposed.  In  the  Edinburgh 
Encyclopedia,  vol.  xvii.  p.  457,  a  carriage  by  Tredgold  is  describe i,  and 
ft  figure  of  it  given  in  plate  511.  The  chimney  is  represented  with  a  short 
horizontal  tul>e  attached  fore  and  aft  to  the  top,  as  in  No.  203,  with  a  view 
"  to  asnut  the  draft*'  by  the  passage  of  the  air  or  wind  through  it  The 
experiments  above  show  that  the  reverse  would  have  been  the  case.) 

As  part  of  the  air  in  passing  through  A,  in  No.  20?,  turned  off  intt)  B 


Chap.  2.]  Blowing  TStbes.  480 

the  idea  occurred  that  if  the  junction  of  B  were  made  to  form  an  acute 
angle  with  the  longer  part  of  A,  then  the  whole  of  the  aerial  current  might 
possibly  pass  out  at  A»  since  to  enter  B  it  would  have  very  nearly  to 
reverse  its  direction.  The  device  figured  at  No.  204  was  made  to  test  this. 
(The  part  of  A  in  front  of  the  joint  was  1 J  inches  long,  which  from  several 
experiments  we  thought  produced  the  best  effect,  when  A  was  half  all 
inch  in  the  bore — ^i.  e.  the  lens^th  of  this  part  of  the  blowing  tube  was  three 
times  its  diameter.)  Upon  trial  part  of  the  current  passed  into  B  and  es- 
caped through  the  liquid,  as  in  the  preceding  experiment ;  and  even  when 
B  was  turned  up  in  a  vertical  direction  before  entering  the  water,  the  same 
effect  took  place. 

Various  modes  of  uniting  the  pipes  with  the  view  of  preventing  the 
blast  from  entering  the  vertical  one  were  now  tried,  and  to  ascertain  the 
effects  produced  a  glass  tube,  three  feet  long  and  three-eighths  of  an  inch 
bore,  was  attached  to  the  vertical  or  exhausting  tube  of  each.  In  No.  205 
a  portion  of  B  protruded  into  A,  so  as  to  form  a  partition  or  partial  cover 
to  the  orifice.  Upon  blowing  through  A  (in  the  direction  of^  the  arrow) 
the  water  sprung  up  B  to  the  height  of  12  inches,  and  in  subsequent  trials 
varied  from  10  to  20  inches,  according  to  the  strength  of  the  blast.  By 
connecting  the  glass  tube  to  the  blowing  end  of  A  and  then  blowing 
through  B,  the  liquid  rose  from  8  to  10  inches ;  the  difference  no  doubt 
being  caused  by  the  current  of  air  having  had  greater  facilities  in  one 
passage  than  in  the  other. 

We  next  united  two  tubes  at  right  angles,  but  instead  of  making  tl  u 
joint  flush  within  as  No.  203,  the  upper  end  of  B  was  cut  obliquely,  a? 
if|  to  form  a  mitred  or  elbow  joint.  This  end  was  inserted  into  the  undet 
side  of  A,  as  represented  nt  No.  206,  the  open  part  of  B  facing  A.  Thn 
object  of  this  device  was  to  ascertain  whether  the  convex  part  of  the  vei 
tical  tube  within  A  would  be  sufficient  to  divert  the  blast  from  entering  B, 
while  it  swept  over  the  upper  edge  and  passed  round  each  side.  Previous 
to  connecting  the  lower  end  of  B  with  the  glass  tube  we  inserted  it  in 
water,  and  upon  blowing  smartly  through  A,  the  liquid  rose  (10  inchesi 
and  was  expelled  with  the  air,  forming  a  dense  shower.  The  glass  tube 
was  then  attached,  (by  a  slip  of  India  rubber)  and  upon  blowing  again  the 
water  rose,  on  different  trials,  from  twenty  to  thirty  inches.  The  tube  A 
was  half-inch  bore,  and  B  three-eighths.  Various  experiments  were  made 
to  determine  the  best  length  of  that  part  of  A  in  advance  of  the  joint :  the 
result  was  generally  in  favor  of  the  extent  already  mentioned. 

The  end  of  B  cut  obliquely,  as  in  the  preceding  experiment,  was  nolv 
inserted  into  A  at  an  acute  angle.  See  No.  207.  The  ascent  of  the  liquid 
'.n  several  trials  varied  from  20  to  28  inches.  A  moderate  puff  raised  it 
14  inches,  but  a  strong  cfibrt  of  the  lungs  was  required  to  elevate  it  ovet 
two  feet.  When  the  glass  tube  was  connected  to  A,  as  in  No.  208,  and  a 
niast  directed  through  B,  the  highest  range  of  the  liquid  was  nine  inches. 

Trie  tubes  were  next  united  as  in  No.  209 ;  that  is,  the  axis  of  the 
part  of  B  which  entered  A  coincided  with  that  of  the  latter,  thus  leaving 
an  annular  space  one-eighth  of  an  inch  wndc  for.  the  passage  of  the  blast. 
Ihe  effect  of  this  did  not  differ  so  much  from  No.  208  as  was  expected. 
The  rise  varied  from  20  to  30  inches ;  and  not  more  than  half  the  former 
amount  was  produced  by  reversing  the  tubes,  as  in  No.  210.  The  annular 
passage  for  the  blast  in  No.  209  was  too  small,  the  current  whs  pinched  in 
passing,  and  its  velocity  consequently  diminished.  Ih  another  tube  in 
w^hich  the  space  was  enlarged,  the  water  rose  six  inches  higher. 

W'e  next  endeavored  to  ascertain  the  effects  of  varying  the  form  of  the 
discnarging  ends  of  the  blowing  tubes,  either  by  adapting  additional  onef 
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jf  A  tapering  form  to  them,  or  by  enlarging  the  ends  theinflelves.  Of  a 
number  of  experiments,  the  following  will  be  sufficient  for  our  present 
purpose.  Jn  two  of  the  tubes  (Nos.  211  and  212)  the  exhausting  pipe  did 
not  protrude  into  the  blowing  one :  in  No.  213  it  did.  As  it  is  difficult  to 
keep  up  a  strong  blast  from  the  lungs  through  a  pipe  so  large  in  the  bore 
as  half  an  inch.  No.  211  was  made  of  quarter-inch  tubing,  and  No.  212  of 
fiie-sixteenths.  The  blowing  tube  of  No.  213  was  seven-sixteenths,  and 
the  exhausting  one  three-sixteenths,  and  all  were  made  of  lead.  Besides 
the  tubes  just  named  we  prepared  a  dozen  conical  ones,  nine  inches  long, 
the  small  ends  one-quarter  inch  bore,  and  the  large  ones  varying  from 
three-fourths  to  2  J  inches.  They  were  made  of  tin  plate,  the  seams  were 
l&pped,  and  no  particular  care  was  taken  in  their  formation.  From  nu- 
merous trials  with  them  in  a  variety  of  ways,  we  obtained  the  best  results 
With  two,  one  of  which  was  1 J  inches  at  the  large  end,  and  the  other  seven- 
eighths.  But  of  these  the  latter,  marked  C  in  the  cut,  generally  caused  the 
water  to  rise  highest  in  the  exhausting  tube. 

The  discharging  end  of  No.  211  extended  Ij  inches  from  the  joint, 

and  the  opposite  end  2 J  inches.  When  blown 
through  in  the  direction  of  the  arrow,  part  of 
the  current  descended  through  the  water,  but 
when  the  conical  pipe  C  was  held  close  to  the 
discharging  end  the  liquid  rose  in  the  vertical 
pipe  9^  inches.  A  quarter  of  an  inch  was  next 
cut  off  the  discharging  end  and  C  again  ap- 
plied, when  the  water  rose  12  inches.  The 
end  was  next  remered  out  with  the  tapered 
prong  of  a  file,  when  the  water  rose  (without 
C)  11  inches.  Another  portion  was  next  cut 
off,  leaving  only  half  an  inch  in  front  of  the 
joint,  and  the  end  swelled  out  as  before,  upon 
which  the  rise  was  1^  inches ;  but  when  C 
was  Applied  the  water  rose  17^  inches. 
In  all  the  trials  with  C  it  was  necessary,  in  order  to  obtain  the  best 
results,  that  its  axis  should  coincide  with  that  of  the  blowing  tube ;  other- 
wise the  current  of  air  is  deflected  in  its  passage.  The  length  of  the 
blowing  end  of  the  tube  should  be  no  more  than  what  is  necessary  to  give 
a  straight  direction  to  the  current.  If  longer  than  this,  the  velocity  and 
strength  of  the  blast  is  unnecessarily  diminished  by  friction  against  the 
prolonged  sides.  The  blowing  tube  should  also  be  straight  and  smooth 
within ;  for  the  energy  of  the  blast  is  less  diminished  in  passing  through  a 
straight  than  through  a  crooked  channel — through  a  smoothly  polished 
tube  than  through  one  whose  interior  is  marked  with  asperities.  Moreover, 
dints  or  bruises  in  a  pipe  produce  counter  currents,  and  materially  diminish 
the  ascent  of  the  liquid.  In  small  tubes,  the  end  received  into  the  mouth 
IT  ight  be  enlarged  or  cut  obliquely  to  facilitate  the  entrance  of  the  air  t 
for  if  the  fluid  be  retarded  in  its  entrance,  part  of  the  force  exerted  by  the 
lungs  is  uselessly  expended.  It  is  immaterial  in  what  position  the  blowing 
tube  is  used. 

In  No.  212  the  blowing  tube  was  jointed  to  the  exhausting  one  at  an  angle 
ot  2(P.  The  part  in  advance  of  the  joint  was  1 J  inches.  Upon  trial,  the  liquid 
f  ose  seven  inches.  The  tube  D  was  applied,  (its  small  end  being  enlarged 
to  five-sixteenths)  and  the  water  rose  nine  inches.  The  tube. was  then 
swelled  out  by  the  prong  of  a  file  until  its  orifice  was  seven-sixteenths  of 
an  inch,  when  the  nse  was  10^  inches.  D  was  then  applied,  its  end  en- 
tering  the  other,  and  the  water  rose  IS  inches.     Previous  to  this  trial  D 
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had  becQir.e  slightly  bruised  in  the  middle  of  it6  length  by  a  fall :  tho 
brb  ses  were  taken  out,  and  the  Abater  rose  24  inches.  Various  porticms 
Were  cut  fra-n  the  large  end  of  D,  but  no  diminution  of  the  rise  occurred 
while  3J  inches  remained,  and  this  length  from  several  trials  gave  better 
results  than  \^hei  the  tube  was  made  shorter. 

In  No.  ^13,  the  discharging  end  of  the  blowing  tube  was  1^  inches  long. 
Without  any  additional  tube,  the  water  rose  16  inches.  The  end  was 
swelled  out,  and  the  liquid  rose  19  inches.  D  was  applied,  and  it  rose 
29  inches.  C  was  then  tried,  which  made  the  liquid  ascend  31  inches. 
The  discharging  end  was  reduced  in  length  from  an  inch  and  a  half  to 
half  an  mch,  and  the  elevation  of  the  liquid  was  diminished,  both  with  and 
without  the  additional  tubes  C  and  D. 

Twf»  other  tubes  connected  like  No.  213  were  alsp  tried.  From  slight 
variations  in  the  dimensions  of  the  passage  way  over  the  end  of  the  ex- 
hausting tube,  the  results  varied.  Without  the  additional  tube.  C,  one 
raised  die  water  only  seven  inches,  while  with  C  the  rise  was  17  inches. 
The  other  ak)ne  raised  the  liquid  14  inches,  and  with  C  20^  inches. 

It  has  been  seen  from  preceding  expeiiments,  that  when  two  tubes  of 
the  same  bore  are  united,  as  in  Nos.  203,  204  and  211,  part  of  the  current 
ftor  tho  mouth  will  descend  the  vertical  one,  if  but  half  an  inch  or  even 
loss  of  the  discharging  end  project  beyond  the  joint.  To  ascertain  at  what 
n  stance  from  the  joint  this  descent  of  the  current  could  be  counteracted 
•jj  additional  tubes,  we  connected  two  pieces  of  leaden  pipe  (A  and  B) 
nve-sixteenths  of  an  inch  bore  to  each  other,  as  in  the  figure.     A  was  15 

inches  long ;  B  four  inches, 


B  ! 


and  joined  to  the  other  three 
inches  from  the  blowing 
end,  thus  leaving  12  inches 

in  front  of  the  joint.     The 

j^^^ 214^  lower  end  of  B  dipped  not 

mure  than  one-tenth  of  &u 
inch  in  water.  A  tapered  pipe,  C,  whose  wide, end  was  1^  iiich3s  and 
the  small  one  five-sixteenths  was  attached  to  A,  and  upon  blowing  through 
A,  part  of  the  blast  descended  through  B.  Small  portions  were  then  suc- 
cessively cut  off  the  discharging  end  of  A,  until  the  air  ceased  "jo  descend 
in  B.  When  nine  inches  remained  in  front  of  the  joint,  but  a  solitary 
bubble  or  two  escaped  through  the  \vater,  and  after  another  inch  was  re- 
moved, leaving  eight  inches  in  front,  the  whole  current  from  tlie  lungs 
passed  through  A.  The  conical  tube  was  nine  inches  long,  and  after  the 
last  result  it  was  divided  at  D,  four  inches  from  the  end.  Upon  removing 
the  part  thus  cut  oW,  air  again  descended  through  B. 

From  this  experiment  wo  see  that  the  influence  of  such  termmations  sa 
C  to  cylindrical  air  tubes,  extends  to  a  distance  equal  to  25  times  the  tube's 
diameter.  I^  is  however  modified  by  the  velociiy  of  the  motive  current. 
AV^hen  high  steam  is  used  instead  of  air,  the  distance  is  greatly  diminished, 
4od  in  some  cases  annihilated.  A  smoky  chimnoy,  or  one  with  a  feeble 
f  raft,  may  be  cured  by  enlarging  its  upper  part  like  the  additional  tube  C 
ic  tho  last  figure.  The  reason  why  an  equal  amount  of  rise  in  the  exhaust- 
ing tube  is  not  producc^d  by  additional  ones  to  such  devices  as  No.  213, 
arises  no  doubt  from  the  projection  of  the  exhausting  tube  into  the  blowing 
one,  which  prevents  the  blast  from  sweeping  directly  into  the  conical  one 
hx\d  filling  the  latter,  a  condition  necessary  to  the  increased  ascent. 

Some  applications  of  the  principle  illustrated  by  the  preceding  experi- 
ments may  be  noticed  : — 1.  In  siphons  for  decantmg  corroding  or  other 
liquids-— n>r  which  see  remarks  on  these  instruments  in  a  subsequent 
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chapter.     2.  Increusiug  tlie  draft  of  chimneys,  as  well  as  prevs^ncng  them 
from  smoking.     iDdteijd  of  the  old  fashioned  caps  of  clay  or  the  moveable 

ones  of  iron,  let  them  be  made  in  the  form  of 
the  annexed  figure,  and  either  of  sheet  iron  or 
copper.  A  short  pipe  should  be  fixed  on  the 
chimney,  and  over  it  an  outer  one  (shown  in 
the  cut)  to  turn  freely,  but  as  close  as  |^  ^ssible 
without  touching,  that  the  horizont&l  3ne  to 
which  the  latter  is  attached  may  veer  round 
with  the  wind.  The  vane  V  keeps  the  oppo- 
site end  A  to  the  wind,  which  enters  as  indi- 
cated by  the  straight  arrow,  and  in  passing 
through  sweeps  over  the  projection  and  causes 
ifa  sia  a  vacuum  in  the  chimney,  as  in  the  blowing 

tubes  already  described. 
A  device  of  this  kind  might  be  made  to  act  in  windy  weather  as  a  per* 
petual  bellows  to  blast  or  refining  furnaces,  and  also  to  those  of  steam- 
boats and  locomotive  carriages.  When  used  on  chimneys  of  tlie  latter,  a 
contrivance  to  turn  and  keep  the  blowing  tube  fore  and  aft,  as  the  carriage  is 
turned,  would  be  required.  The  joint  where  the  perpendicular  tube  moves 
over  the  Hxed  one  might  also  be  made  air-tight  by  an  amalgam,  on  the 
principle  of  the  water  lute.  From  the  experiments  with  the  tubes  Ncs. 
206,  '7,  '8,  '9,  '10  and  '13,  it  follows  that  it  the  waste  steam  of  a  locomo- 
tive carriage  were  discharged  over  the  mouth  of  the  chimney  as  above, 
instead  of  up  its  centre,  the  resulting  vacuum  would  be  greater. 

It  is  worth  while  to  try  whether  wells,  mines,  and  the  holds  of  ships, 
could  not  be  more  speedily  and  effectually  ventilated  by  a  similar  device 
than  by  the  common  wind  sails  used  in  the  latter.  These  displace  the 
noxious  vapors  by  mixing  fresh  air  with  them,  but  by  the  proposed  plan 
tlie  foul  air  might  be  drawn  up  alone,  while  the  atmosphere  would  cause 
a  steady  and  copious  supply  to  stream  in  at  every  avenue. 

If  two  or  three  exhausting  tubes,  of  metal  or  of  any  other  suitable  ma- 
ternal, (v/hc3e  diancetcr  for  a  ship  of  the  largest  class  need  not  exceed 
three  or  four  inches)  ware  permanently  secured  in  a  vessel,  their  lower 
ends  terminating  in  or  communicating  yrith  those  parts  where  noxious 
e.'Ruvia  chiefly  accumulatee,  and  the  ppper  ends  leading  to  any  convenient 
part  of  the  deck,  sides  or  stern,  so  that  the  blowing  part  could  readily  be 
slipped  tight  into  or  over  them,  the  interior  might  be  almost  as  well  ven- 
tilated, even  when  the  hatches  were  all  down,  as  the  apartments  of  an 
ordinary  dwelling.  It  appears  to  us  moreover,  that  a  vessol  might  by  this 
means  be  always  kept  charged  with  fresh  and  pure  air ;  for  the  apparatus 
might  be  in  operation  at  all  times,  day  and  night,  acting  as  a  perpetual 
pump  in  drawing  off  tho  miasmata.  The  only  attention  required  would 
be,  to  secure  the  blowing  tabo  in  its  proper  position  with  regard  to  the 
wind  during  storms.  In  ordinary  weather  its  movements  might  be  regu- 
lated by  a  vane,  as  in  the  figvro,  when  it  would  require  no  attention  what* 
ever.  The  upper  side  of  tho  blowing  part  of  the  tube  should  be  cut  partly 
•way  at  the  end,  so  as  to  facilitate  the  entrance  of  descending  currents  of 
wind.    See  the  above  figure. 
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Vacauin  b}  carriuu  of  •temin— Various  modes  oi  applying  them  in  blowiof  tvbea — Experteeni»-« 
CffecU  of  cojical  iigutagey— Results  of  slight  changes  iu  the  position  of  vacuum  tubes  within  blowicf 
rues— Double  blowing  tube— EUperiments  with  it — ^R«iising  water  by  currents  of  steam — ^Ventilatiuu  of 
mines — Experimental  apparatus  for  concentrating  slrupfc  in  vacuo— Drawing  air  through  liquids  to  pr« 
mote  their  evaporation — Remarks  on  the  origin  of  obtaining  a  vacuum  by  euireuts  of  steam. 

As  the  utmost  rarefaction  which  can  be  produced  with  blowing  tubc«i 
by  the  lungs  is  exceedingly  limited,  we  next  endeavored  to  ascertain  ho\7 
far  it  could  be  carried  with  currents  of  steam.  This  fluid  presents  several 
advantages.  By  it  a  uniform  blast  can  be  obtained  and  kept  up,  and  its 
intensity  can  be  increased  or  diminished  at  pleasure  :  hence  experiments 
with  it  car  be  continued,  repeated  or  varied,  till  the  results  can  be  relied 
on.  As  it  ia  inconvenient  to  measure  high  degrees  of  rarefaction  by  col- 
umns of  water,  mercury  was  employed  for  that  purpose ;  and  as  the 
blowing  viheB  &c.  if  made  of  lead  or  block  tin  would  have  become  soft 
and  betiL  by  the  heat,  they  were  all  made  of  copper,  while  the  additional 
or  conical  lubes  (generally)  were  of  cast  brass,  and  smoothly  bored.  A 
detail  of  ail  or  even  half  the  experiments  made  would  possess  no  interest 
to  general  readers,  and  would  be  out  of  place  here ;  we  therefore  merely 
notice  such  as  gave  the  best  results.  The  force  of  the  highest  steam  used 
was  equal  to  a  pressure  of  90  pounds  on  the  inch.  It  was  measured  by 
the  hydrostatic  safety-valve  described  in  the  Journal  of  the  Franklin  Insti- 
tute, vol.  X  2d  series,  page  2. 

While  engaged  in  the  prosecution  of  this  subject,  we  supposed  that  cur- 
rents of  steam  had  never  been  employed  to  produce  a  vacuum ;  but  it  will 
be  seen  towards  the  close  of  the  chapter,  that  we  were  anticipated  by  a 
French  gentleman,  though  to  what  extent  we  are  yet  uninformed.  We 
Were  not  aware  of  the  fact  until  all  the  following  experiments  had  been 
matured,  and  most  of  them  repeatedly  performed.  The  circumstance  af 
fords  another  example  of  those  coincidences  of  mental  and  mechanical 
effort  and  resource  with  which  the  history  of  the  arts  is  and  always  will 
V»e  crowded.  The  shoemakers'  awl  was  formerly  straight,  but  is  now  bent  .• 
the  author  of  the  improvement  was  supposed  to  have  lived  in  comparatively 
modern  times ;  but  recent  researches  among  the  monuments  of  £gyp* 
have  proved,  that  the  artists  who  made  shoes  and  wrought  in  leather  und«^> 
the  Pharaohs  used  awls  identical  in  shape  with  the  modern  ones. 

The  expenditure  of  high  steam  through  open  blowing  tubes  ilke  those 
f^ toured  in  Nos.  203  and  204  would  obviously  be  enormous,  since  there  if 
nothing  in  them  to  prevent  its  passing  freely  through.  They  arc  not  there* 
fore  so  well  calculated  for  practical  operations  as  thoee  in  which  the  end 
of  the  exhausting  pipe  projects  into  the  blowing  one  and  contracts  tho 
passage  for  the  vapor,  as  in  Nos.  205 — 210.  These  are  also  better  on 
another  account — ^they  produce  a  better  vacuum.  Economy  in  the  em- 
ployment of  steam  is  of  the  Brst  importance ;  hence  it  was  Jesihible  td 
determine  if  possible  that  particular  construction  of  the  apparatus  by  which 
the  highest  degree  of  rarefaction  may  be  obtained  with  the  least  exp3uJi* 
lure  of  vapor.  Fortunately  for  the  solution  of  this  problem^  thore  is  one 
form  of  the  apparatus  in  which  both  are  eminently  combined :  for  whili 
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an  incieaae  of  the  steam's  elasticity  increased  the  ^ 
discharge  of  the  vapor  was  often  found  to  diminish  it.  Tliis  was  freiiuenllv 
the  case  when  high  steam  was  employed  :  for  exam|)le,  if  ihe  cock  througn 
which  steam  passed  mto  the  blowing  tube  marked  C  in  No.  217  was  wide 
open,  the  mercury  would  sometimes  fall  two  or  three  iiicluts,  but  when 
atrtially  closed,  would  instantly  rise ;  thus  indicating  chat  it  is  the  velocity 
aid  not  tJie  volume  of  vupur  passing  over  the  orifice  of  the  exhauiiliDg 
a'  3c,  upuc  which  the  vacuum  depends. 


Nr>.31I.       Ni>.ai1. 

vVe  first  passed  steam  through  tubes  connected  like  No.  313.  both  witli 
Hud  without  the  conical  ajutages  C  D  in  Nos.  311  and  S13.  Various  pro- 
portions of  the  steam  passage  over  the  orifices  of  the  vacuum  or  exhausting 
pipes  were  also  employed,  as  at  A,  B,  C.  D,  E,  No.  216,  which  repre- 
sent horizontal  sections  of  the  vacuum  pipe  and  steam  passage  over  its 
orifice.'  The  dark  parts  show  the  passage  for  the  steam,  and  the  inner 
circle  the  mouth  of  the  vacuum  tube.  In  A  the  steam  channel  did  not 
extend  over  one-fourth  of  the  circumference  of  the  orifice  ;  in  B  it  reached 
nearly  half  way  round  ;  in  C  three-fourihs ;  while  in  D  and  E  it  extended 
tncireiy  round.  Upon  trial,  the  vacuum  produced  by  B  was  greater  than 
that  by  A;  C  surpassed  B,  and  D  uniformly  exceeded  them  all.  We 
therefore  finally  arranged  the  apparatus  as  shown  at  No.  217,  in  which  A 
IB  a  brass  tube  composed  of  two  conical  frustums  united  at  their  lesser 
ends.  The  longer  part,  A,  was  smoothly  bored  and  polished  in  the  dircc- 
don  of  its  length,  to  remove  any  minute  ridres  left  by  the  borer.  The 
interior  diameter  of  the  large  end  was  an  inch  and  an  eie;hth,  and  of  the 
mallest  part  nineteen -fortieths,  (rather  less  than  half  at.  inch.)  The  ex- 
ternal diameter  of  the  vacuum  pipe  B  was  aeventeen-fortieths,  so  that  the 
annular  space  left  round  it  for  the  steam  was  only  one-fortieth  of  ail  inch 
in  width,  being  about  as  small  a  space  as  could  well  be  formed  without 
the  pipe  B  to-.iching  A.  The  length  of  A  from  the  contracted  part  waj 
£|  intliet.     A  glass  tube  thre«  feet  long,  \vhoa«  lower  end  was  placed  in 
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a  vessel  of  quicksilver,  was  attached  to  B,  and  a  scale  tc  measure  the 
ascent  of  the  mercurial  column. 

When  the  prfissure  of  the  steam  in  the  boiler  was  equal  to  30  pounds 
on  the  inch  exclusive  of  atmospheric  pressure,  and  the  steam  cock  C 
opened,  (the  hol<)  in  its  plug  was  five-sixteenths  of  an  inch  in  diameter) 
tlie  mercury  rose  9  inches  in  the  vacuum  tube  B.  When  the  steam  was 
at  40  pounds,  the  mercury  rose  15}  inches.  At  50  pounds  it  reached  over 
18  inches,  at  GO  pounds  over  19  inches,  and  at  70  pounds  21  inches.  At 
80  pounds  it  was  only  21  inches,  but  on  partially  closing  the  cock  it  sprung 
up  to  22  inches.  When  the  steam  was  at  90  pounds  on  the  inch,  the  mer- 
cury fell  to  20  inches^  but  on  turning  the  plug  of  C  it  rose  to  22  inches. 
These  experiments  were  repeated  several  times  and  on  different  occasions 
without  materially  altering  the  restilts. 

The  effect  of  additional  tubes  inserted  into  the  open  end  of  A  was  next 
observed.  Ten  or  twelve  of  these  were  made  of  tin  plate,  and  of  different 
lengths  and  taper.  The  small  ends  of  all  were  half  an  inch  in  diameter, 
and  made  very  thin,  so  as  to  slide  into  A  nearly  up  to  the  contracted  part, 
and  at  the  same  time  to  present  the  least  projection  possible  to  the  issuing 
current.  The  effect  of  three  of  these  tubes,  two  oi  which  gave  the  best 
results,  are  stated  in  the  following  table.  The  tube  No.  1  was  1 4  inches 
lonfi^,  and  its  wide  end  1^  inches  across.  No.  2  was  27  inches  long,  and  1] 
in  aiameter  at  its  mouth.  No.  3  was  five  feet  long,  and  its  mouth  or  wide 
end  2 J  inches  in  dlair.eter. 

Prenure  of  •team  in  pcundi       Vaeuuin  in  inches  of  mercury  t 

oo  oucu  square  iacli.  with  apparatu*  No.  817. 

30  -  .  -        9  •        - 

40  -  -  -  15.5  - 

50  .  -  -  18.1  - 

60  -  .  -  19.6  - 

70  -  .  -  21 

80  -  .  -  21  .        - 

••  -  -  -  22  -        - 

90  .  -  -  20  -        - 

«.  .  ,  .  22  .        - 

In  aujw  jtinor  an  adaltional  tube  it  was  moved  till  its  axis  coincided  with 
that  of  A.  This  was  ascertained  by  the  mercury,  which  oscillated  with 
every  movement  of  ilie  tube,  but  always  rose  when  it  was  in  the  position 
Indicated.  On  one  r)ccasion,  when  the  mercury  stood  at  15  inches,  the 
additional  tube  No.  1  was  slipped  into  A  and  the  mercury  fe^'  to  12  inches; 
but  this  was  caused  by  pushmg  the  tube  in  too  far,  i.  e.  till  it  touched  the 
vacuum  pipe — for  on  withdrawing  it  and  swelling  out  the  end  a  little,  the 
mercury  rose  to  17  inches  on  the  tube  being  reinserted.  A  sna'l  addition 
was  made  to  the  wide  end  of  No.  1,  so  that  it  flared  out  like  a  tiampet : 
on  trying  it,  the  mercury  stood  two  inches  lower  than  before. 

The  fall  of  the  mercury  when  the  steam  was  raised  to  90  pounds,  was 
•  uite  unexpected.  It  was  at  first  supposed  to  have  been  caused  by  a 
•^rong  position  of  the  additional  tube,  and  then  to  some  small  object  lodged 
J  the  steam  between  the  vacuum  and  the  blowing  pipes;  but  on  exami- 
nation nothing  of  the  kind  was  found.  As  the  mercury  still  refused  to  rise, 
we  tried  another  apparatus  similar  in  all  respects  to  No.  217,  except  being 
of  rather  larger  dimensions ;  but  the  same  thing  occurred.  When  the 
steam  v/as  at  30  pounds  the  mercury  stood  at  7^  inches — at  50  pounds  17 
inches — at  60  peunds  20  inches — at  70  pounds  22  inches — at  80  pounds 
2-J  iiii/hes — and  at  90  po'inds  20  inches !     Several  experime'its  seor^ed 
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to  indicate  that  the  length  and  taper  of  the  additional  tubes  should  var^ 
with  the  force  of  the  steam,  and  that  the  annular  passage  for  die  vapor 
should  be  contracted  as  the  elastic  force  of  the  steam  was  increased. 

Cylindrical  pipes  applied  to  the  mouth  of  A,  or  to  those  of  the  addi- 
tional tubes,  caused  the  mercury  to  fall ;  but  any  plane  object  held  against 
the  current  issuing  from  A,  did  not  affect  the  vacuum.  A  piece  of  board 
was  gradually  brought  to  within  one-fourth  c^ an  inch  of  the  end  of  A,  and 
uf  course  deflected  the  steam  at  right  angles ;  yet  the  vacuum  was  not  in 
the  least  diminished  until  the  board  was  pushed  still  nearer.  By  applying 
the  large  ends  of  the  additional  tubes  to  A  the  vacuum  wa^  diminished. 

The  noise  made  by  the  steam  issuing  from  A  is  indicative  of  tlie  slate 
of  the  vacuum.  If  it  be  loud  and  sonorous,  the  vacuum  is  not  near  so  high 
as  when  the  sound  is  less  and  hissing.  In  the  former  case  there  is  generally 
too  much  steam  escaping — the  cock  should  he  partially  closed. 

No.  2 IS  is  a  vertical  and  a  horizontal  section  of  the  device  by  means  of 
which  the  vacuum  tube  was  retained  in  a  position  either  eccentric  or  con- 
centric with  the  blowing  one,  and  by  which  it  could  be  drawn  to  one  side 
8o  as  to  touch  the  narrowest  part  of  the  latter.  Three  fine  screws  with 
blunt  ends  were  tapped  at  equal  distances  from  each  other  into  solid  pro- 
jections cast  on  A,  IJ  inches  below  the  contracted  part.  By  tliese,  the 
exact  position  of  the  vacuum  tube  which  gave  the  best  result  was  accu- 
rately ascertained ;  and  it  was  remarkable  how  small  a  change  in  its  posi- 
tion affected  the  mercurial  column.  A  few  examples  are  cLnnexed  : — 1. 
The  steam  in  the  boiler  being  low,  and  the  mercury  standing  at  3^  inches 
only,  the  vacuum  tube  was  drawn  by  the  screws  so  as  barely  to  touch  A, 
and  instantly  the  mercury  fell  to  2  inches.  2.  When  the  pipes  were  clear 
of  each,  and  the  mercury  19^  inches  high,  as  soon  as  they  touched  it  fell 
to  16  inches.  Similar  results  took  place  whatever  might  be  the  force  of 
the  steam.  3.  The  mercury  fell  also  when  the  axis  of  both  tubes  did  not 
quite  coincide,  although  a  clear  passage  still  remained  for  the  steam,  as 
shown  at  £,  No.  216.  In  this  case,  as  in  the  othel-s,  the  greater  flow  of 
vapor  on  one  side  probably  created  cross  currents  in  ^,  after  passing  the 
contracted  part.  On  one  occasion,  the  mercury  suddenly  fell  several  inches 
while  the  pipes  were  concentric  with  each  other.  Upon  examination  this 
was  found  to  be  owing  to  a  minute  piece  of  grit,  or  a  film  of  lead,  blown 
by  the  steam  between  the  two  pipes,  where  it  was  wedged  in.  It  did  not 
exceed  one-sixteenth  of  an  inch  in  any  direction.  It  pr(»duced  the  same 
effect  as  when  the  pipes  touched.  Upon  removing  it,  the  steam  rose  as 
before. 

Another  point  necessary  to  be  attended  to  is  the  position  of  the  oriBce 
of  the  vacuum  pipe  with  respect  to  the  narrowest  part  of  the  blowing  one; 
i.  e.  whether  in  a  line  with  it,  or  in  advance,  or  behind  it,  as  figured  at  A 
B  C  No.  219.  To  test  the  effect  of  these  various  positions,  the  vacuum 
pipe  was  so  arranged  by  a  screw  cut  on  it,  as  to  be  pushed  in  or  drawn 
back  at  pleasure.  In  one  experiment,  the  mercury  stood  at  21  inches 
when  they  were  on  a  line,  as  at  A.  The  vacuum  tube  was  pushed  for- 
ward three-sixteenths  of  an  inch  without  any  change  in  the  vacuum;  but 
when  the  pipe  protruded  three-eighths,  as  at  B,  the  mercury  fell  to  18 
inches.  It  was  then  drawn  behind  the  contracted  part  of  A,  an«l  the  mer- 
cury instantly  began  to  fall.  When  the  orifice  was  one-fourth  of  an  inch 
behind,  the  mercury  fell  from  21  inches  to  4 ;  and  when  drawn  back  one« 
eighth  of  an  ir.ch  more,  as  at  C,  the  steam  descended  the  vacuum  tube  and 
blew  the  mercury  out  of  the  vessel  that  contained  it.  In  another  experi- 
ment, the  vacuum  tube  was  one-fourth  of  an  inch  in  advance  of  the  con 
iracteJ  part,  and  the  mercury  20  inches  high :  when  the  tube  v^  as  dr^v^'Jt 
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Duck  80  that  Its  end  was  In  a  line  with  the  ccvntracted  part,  the  mercury 
rose  half  an  inc'u.  When  drawn  back  •  one-eighth  of  an  inch,  it  fell  tc 
37J  inches. 

That  part  of  the  vacuum  tube  within  the  steam  chamber,  or  back  end 
of  A,  should  be  straight,  and  its  axis  should  coincide  as  nearly  as  possible 
with  that  of  A,  else  the  vapor  in  passing  over  the  orifice  will  be  more  or 
less  deflected  to  one  side,  and  thus  diminish  the  vacuum. 

Although  the  blowing  tube  figured  at  No.  217  has  its  mouth  opening 
upwards,  in  practice  we  used  it  in  a  horizontal  position,  as  at  No.  :<il9,  or 
rather  inclined  downwards,  as  at  No.  221,  that  the  condensed  vapor  might 
not  fall  back  and  enter  the  vacuum  tube. 

No.  2Z0  represents  another  modification  of  this  mode  of  removing  at- 
mospheric pressure,  by  which  the  vacuum  may  be  carried  to 
a  greater  extent  than  with  No.  217.  It  consists  of  two  blow- 
ing" tubes  attached  to  one  vacuum  pipe.  The  lower  blowing 
tube  in  Its  narrowest  part  was  seven-twentieths  ot  an  inch  m 
diameter,  and  the  annular  passage  for  the  steam  between  it 
and  the  vacuum  pipe  was  only  one-fiftieth  of  an  inch  in  width. 
The  bore  of  the  steam  cock  and  pipe  C  was  three-tenths  of  an 
^P^^,^^  inch.  The  upper  end  of  the  lower  blowing  tube  was  half  an 
^  V^^  inch  in  diameter,  and  terminated  at  the  contracted  part  of  a 
larger  one,  D,  where  a  space  of  one-thirtieth  of  an  inch  was 
left  for  the  steam  between  them.  D  was  six  inches  long,  and 
its  upper  end  an  inch  in  diameter.  It  was  also  furnished  with 
steam  by  the  pipe  and  cock  £,  (Both  blowing  tubes  in 
the  accompanying  illustration  are  figured  too  larg^e  for  the 
exhausting  one.) 

When  this  device  was  tried,  the  safety-valve  of  the  boiler 

indicated  a  pressure  of  40  pounds  on  the  inch.     The  cock  E 

was  first  opened,  and  as  the  steam  rushed  from  D  the  mercury 

rose  8  inches.     E  was  then  closed  and  C  opened,  upon  which 

ic  990.  ^^®  mercury  rose  8.8  inches.     Both  cocks  were  then  opened, 

and  the  mercury  rose  16.6  inches. 

Wlien  the  steam  was  at  60  pounds  and  E  opened,  the  mercurial  column 

was  9  inches.     With  E  closed  and   C   opened  it  rose   15  inches.     Both 

cocks  were  next  opened,  and  the  height  was  increased  to  20  inches. 

Steam  at  80  pounds  and  E  open,  the  mercury  stood  at  17.5  inches.  C 
open  and  E  shut,  it  rose  to  21  inches ;  and  when  both  were  opened,  it 
reach  sd  to  24 J  Inches.  The  addition  of  another  blowing  tube  over  D 
wculvl  most  likely  have  carried  it  to  the  full  height  of  the  barometer.  If 
D  were  inserted  in  a  chimney  in  the  direction  of  the  flue,  it  would  not 
only  increase  the  draft,  but  the  draft  would  increase  the  vacuum. 

The  steam  pipe  that  supplied  D  was  then  unscrewed  iVom  the  cock  E, 
which  was  left  open.  The  cock  C  was  again  opened,  and  the  mercury 
"ose  as  before  to  21  inches,  the  air  rushing  through  E  producing  no  eiH'Ct 
jn  the  column  except  rendering  Its  surface  slightly  concave.  By  often 
Josing  and  opening  the  orifice  of  E  with  tlio  finger,  no  sensible  change  in 
j\Q  ^»cuum  could  be  perceived. 

After  removing  the  vessel  of  mercury  from  the  bottom  of  the  vacuum 
pipe,  a  piece  of  twine  several  yards  In  length  which  happened  to  be  laying 
on  the  ground  near  by,  was  drawn  into  the  tube  and  discharged  through 
D.  This  was  repeated  several  times.  By  presenting  one  end  near  the 
end  of  the  glass  tube,  the  whole  was  almost  instantaneously  drawn  up  and 
thrown  out  by  the  steam,  although  the  vacuum  tube  was  continued  in  a 
horizontal  position  nearly  two  feet  before  it  was  connected  to  the  glass 
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one.  On  applying  a  vessel  of  sand,  and  another  of  water,  ti>  the  end  of 
the  tube,  the  contents  of  both  were'  raised  and  discharged  in  the  same  way. 

The  vacuum  tube  of  No.  220  was  connected  to  a  soda  fountain^  and  an 
opening  one-sixteenth  of  an  inch  diameter  made  in  the  latter  to  admit  air. 
The  mercury  previous  to  making  this  opening  stood  at  16  inches,  and  it 
still  remained  at  that  height.  The  opening  was  next  widened  to  one- 
eighth  of  an  inch,  when  the  mercury  fell  to  12  inches.  The  opening  was 
then  made  as  large  as  the  bore  of  the  vacuum  tube,  (about  five-sixteenths) 
upon  which  the  mercury  fell  to  six  inches. 

It  is  obvious  that  by  connecting  one  of  these  blowing  instruments  to  an 
air-tight  vessel,  water  may  be  raised  into  the  latter  by  I  he  atmosphere,  and 
to  an  elevation  corresponding  with  the  vacuum.  In  one  of  our  earliest 
experiments,  we  attached  a  blowing  tube  to  a  soda  fountain  placed  22  feet 
above  the  surface  of  the  water  in  a  well,  into  which  a  pipe  descended  from 
the  upper  part  of  the  fountain.  But  by  arranging  a  scries  of  close  vessels 
at  certain  distances  above  each  other,  (according  to  the  extent  of  tlie  vacu- 
um obtained  by  the  apparatus)  water  may  be  raised  in  this  manner  to  any 
elevation — the  pressure  of  the  atmosphere  transferring  it  from  one  vessel 
to  another  till  it  arrive  at  the  place  of  discharge,  as  in  Papin's  plan,  de- 
scribed at  page  447-8.  An,  English  patent  was  granted  in  1S39  for  a  very 
elaborate  French  machine  of  this  kind.  See  Civil  Engineer  and  Architect's 
Journal,  vol.  iii,  page  51.  In  December  1840,  an  American  patent  was 
obtained  for  the  same  thing  by  a  French  merchant  of  this  city.  This  gen- 
tleman has  had  one  constructed  from  drawings  sent  from  Paris.  The  re- 
ceiving vessels  were  12  feet  apart.  The  mode  of  applying  the  steam  is 
to  discnarge  it  at  the  orifice  of  the  vacuum  pipe,  over  a  small  part  of  tlie 
perlpkery^  as  at  A  No.  216.  The  steam  however  does  not  come  in' contact 
with  the  sides  of  the  vacuum  tube,  as  in  the  preceding  figures  No.  217  to 
220,  for  this  tube  does  not  form  one  of  the  walls  of  the  small  steam  cham- 
ber* behind  its  orifice — the  chamber  being  a  separate  part  complete  in  itself^ 
and  having  a  semicircular  recess  formed  at  one  side,  into  which  the  va« 
cuum  pipe  is  received.  There  is  therefore,  between  the  interior  of  the 
vacuum  tube  and  the  steam  without,  not  only  the  thickness  of  the  metal  of 
which  that  tube  is  fabricated,  but  also  the  thickness  of  the  plate  of  which 
the  steam  chamber  is  made.  Floats  are  arranged  in  the  interior  of  the 
receiving  vessels,  so  that  when  one  of  the  latter  is  filled  with  water  from 
the  one  below,  the  float  opens  a  valve  to  admit  the  atmosphere  to  press 
the  contents  into  the  vessel  next  above  it. 

There  is  another  mode  of  raising  water  to  considerable  elevations  by  an 
apparatus  like  Nos.  217  and  220,  and  for  which  they  seem  much  better 
adapted  than  any  other,  viz.  by  admitting  portions  of  air  to  mix  with  the 
ascending  liquid,  as  in  the  examples  given  at  pp.  224,  225.  No  air-tight 
receiver  would  then  b6  required,  as  both  the  air  and  water  would  be  dis- 
charged with  the  steam  at  the  open  end  of  the  blowinij  tube,  which,  for 
the  reason  already  stated,  should  be  inclined  downwards. 

Wherever  large  volumes  of  air  are  required  to  be  withdrawn,  as  in  the 
ventilation  of  mines,  these  instruments  we  believe  would  be  found  as  eflli- 
cient  and  economical  as  any  device  yet  tried.  A  number  of  v?cuum  lubes, 
whoso  lower  ends  were  made  to  terminate  in  different  parts  of  a  mine — 
(they  might  be  of  leather  or  other  flexil)le  materials,  so  as  readily  to  be 
moved  wherever  required) — and  whose  upper  ones  were  connected  to 
one  or  more  blowing  tubes  through  which  currents  of  steam  were  c«>n- 
■tar.tly  passing,  would  effectually  withdraw  the  noxious  vapors  from  below, 
and  induce  a  more  copious  supply  of  fresh  air  than  any  forcing  apparatus 
could  ever  furnish.     The  waste  steam  of  engines  at  coal  or  other  minef 
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miglit  be  beneficially  applieJ  to  large  blowing  tubea,  and  tlius  contribuls 
'o  the  aanie  resutL 

There  are  other  useful  applirationa  of  these  blowing  instruments.  One 
of  our  first  attempts  waa  tc  employ  them  as  substitutes  for  the  expensive 
air-pumps  worked  by  steam-engines,  employed  in  evaporating;  unips  an<) 
refining  sugar  by  Howard's  vacuum  plan. 


Ku.  m.    Appuuu  for  mrttuitf  Iiq>kb  !■  nnot 

We  fitted  Up  a  very  Strong  old  still,  (No.  321)  three  feet  in  diameter  tna 
about  the  same  in  depth.  A  jacket  of  copper  was  fitted  to  its  lower  part 
HO  as  to  form  a  double  bottom.  The  difchargine  plpp  passed  through  the 
jacket,  and  was  closed  by  a  valve  V.  Steam  being  conveyed  into  the 
jacket  heated  the  liquid  within  the  still,  but  instead  of  taking  steam  from 
[he  boiler  expressly  for  this  purpose,  we  made  use  of  that  oy  which  the 
vacuum  wjs  produced.  The  open  end  of  a  blowing  tube  was  inserted 
into  the  jacket  as  represented  in  the  cut,  and  the  vacuum  tuhe  B  connected 
by  a  cock  to  the  neck  of  the  still.  C  the  steam  cock  and  pipe  leading  to 
the  boiler.  I)  a  pipe  that  conveyed  the  surplus  sleam  from  the  jacket 
'nto  the  chimney.  The  orifice  of  the  vacuum  pipe  within  the  blowing  one 
was  thrce-eig^liihs  of  an  inch  diameter,  and  the  annular  space  around  it  for 
the  passage  of  the  steam  was  the  same  as  in  No,  217,  At  the  first  trial 
With  this  apparatus,  25  gallons  of  sirup  were  put  into  the  still  through  the 
funnel,  and  the  cock  shut.  Thfe  steam  cock  C  was  then  opened,  and  in  a 
few  moments  the  mercury  in  the  gauge  rose  15  inches,  but  m  eight  minutes 
I'f  il  to  10  inches,  the  f^  being  occasioned  by  the  evolution  of  vapor  in  the 
Btill.  The  iteam  in  the  boiler  was  raised  higher,  until  the  mercury  rose 
to  10  inches ;  but  after  the  operation  had  been  continued  about  half  a 
hiiiir  il  commenced  risin?,  and  was  at  IS  inches  »'        " 


sxpeni 
cioseii.  On  another  trial  32  gallons  of  sirup  were  poured  in,  and  when 
0  was  opened  the  mercury  rose  to  23  inches,  but  in  ten  minutes  fell  to  17. 
In  half  an  hour  it  began  slowly  to  rise,  and  in  fifteen  minutes  reached  to 
SC  inches,  at  which  height  it  remained  when  the  concentrated  sirup  was 
Withdrawn. 

Kid  t  double  tube  like  No.  220  been  used,  the  vacuum  might  probably 
tiave  t^een  carried  to  2S  or  29  inches,  and  the  operation  performed  in  mucn 
ttMf  time.     The  cxperimei.t  however  shows  how  small  a  tube  cnu  witli 
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draw  the  vapor  arising  from  a  surface  of  seven  square  feet.  It  would  be 
an  advantage  to  apply  two  or  perhaps  three  separate  blowing  tubes,  of 
different  sizes,  to  each  sugar  pan^using  the  largest  first,  to  draw  oif  the 
the  bulk  of  the  vapor,  and  finishing  with  the  smaller  ones.  There  would 
be  a  saving  of  steam,  and  the  vacuum  might  be  carried  higher  toward^ 
the  close  of  an  operation  with  a  very  small  tube  and  current. 

Another  mode  of  using  these  tubes  to  promote  evaporation,  is  to  dr8\r 
air  through  liquids  instead  of  forcing  it  through  them  with  pumps,  as  in 
the  pneumatic  processes  of  concentrating  sirups.  An  open  boiler,  four  feet 
in  diameter,  was  inverted  and  placed  in  another  over  a  fire  and  containing 
sirup  :  a  blowing  tube,  the  orifice  of  whose  vacuum  pipe  was  three-fourths 
of  an  inch  diameter,  was  connected  to  the  inverted  vessel,  and  it  drew  so 
much  air  under  the  edges  as  to  cool  the  liquid  to  such  a  degree  that  the 
operation  of  concentration  was  prolonged  to  twice  the  ordinary  time. 

While  engaged  in  making  the  experiments  described  in  this  chapter,  (in 
1S35)  and  stimulated  by  the  conviction  that  we  were  the  first  thus  to  apply 
currents  of  steam  for  the  purposes  of  raising  water  and  promoting  the 
evaporation  of  liquids  at  low  temperatures,  &c.  we  were  exceedingly  sur- 
prised to  learn  that  something  of  the  kind  had  been  previously  done,  or 
proposed  to  be  done,  in  France.  As  we  had  made  preparations  to  secure 
the  invention  by  a  patent  here,  and  by  others  in  Europe,  our  experiments 
were  discontinued  with  a  view  to  ascertain  the  particulars  of  the  French 
plan,  that  it  might  be  known  whether  we  were  traveling  on  beaten  ground 
or  not ;  but  to  the  present  time  we  have  not  obtained  any  specific  descrip- 
tion of  it,  nor  do  we  know  whether  it  consisted  of  a  jet  of  steam  discharged 
through  the  centre  of  a  tube,  as  in  Nos.  208,  210,  and  as  applied  to  in- 
crease the  draft  of  chimneys  in  locomotive  carriages,  or  whether  the  jet 
was  directed  over  the  outside  of  a  part  or  the  whole  of  the  end  of  the 
vacuum  tube — nor  have  we  learnt  what  degree  of  rarefaction  was  obtained 
We  have  therefore  concluded  to  insert  the  preceding  notice  of  our  labors, 
that  since  we  cannot  claim  priority  in  the  research,  we  nr-ay  be  allowed 
the  credit,  if  any  be  due,  for  our  modes  of  application,  and  the  extent  to 
which  they  carried  the  vacuum  and  are  obviously  capabij  of  carrying  it, 
especially  by  such  devices  as  No.  220. 

The  whole  of  the  devices,  from  the  blowing  tubes  described  in  the  last 
chapter  to  the  apparatus  for  boiling  sugar  in  vacuo  described  in  this,  with 
the  exception  of  the  patented  plan  of  raising  water  by  a  series  of  vessels 
on  different  levels,  originated  entirely  with  ourselves,  nor  were  we  in- 
debted either  directly  or  remotely  for  so  much  as  a  hint  in  n^aturing  them 
to  any  persons  or  writings  whatever;  and  upon  them  we  have  also  spent 
no  inconsiderable  amount  both  of  time  and  money.  But  as  we  have  on 
several  occasions  shown  that  new  devices,  so  called,  are  often  old  ones,  it 
18  but  just  that  we  should  mete  to  ourselves  the  same  measure  which  we 
have  given  to  others.  We  therefore  with  pleasure  record  iF»e  fact,  that  ai 
a  meeting  of  the  Paris  Academy  of  Arts  and  Sciences,  held  in  January, 
1833,  M.  Pellatans  read  a  paper  on  the  dynamic  effects  of  a  jet  of  steam, 
of  which  a  notice  (not  a  description  of  the  plan)  was  published  in  an  Eng- 
lish journal,  and  copied  into  the  Journal  of  the  Franklin  Institute  for  March 
of  the  same  year — vol.  x,  2d  series,  p.  195, 

There  is  also  described  in  the  London  Mechanics'  Magazine,  vol.  iii,  p. 
275,  an  experiment  of  a  current  of  air  from  a  bellows  directed  over  the 
orifice  of  an  inverted  glass  funnel,  which  was  placed  in  a  saucer  filled  with 
water.  From  this  (which  we  did  not  see  till  recently)  the  blowing  tube? 
described  in  the  last  chapter  might,  with  a  little  ingenuity,  have  been 
deduced. 
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CHAPTER    IV 


ei'Otithif  tub«»>-  Water  eMiljr  distttrbad— Force  econoBdcalljr  truraiittod  by  the  otcillauon  of  liqnkli 
— Experimenu  un  the  ucettt  of  water  in  differently  ahaped  tubes — Application  of  one  form  to  aiphoii^— 
Novement  fiven  to  ipoatinf  tube*— Theee  produce  a  jet  both  by  their  aaceatand  deieeat— 'Ezperlmeota 
with  plain  conical  tube*— Spoutinf  tubee  with  air  pipes  atlached^-Experlmenta  with  Tarioas  siaed  tulxw 
— Obtervations  respecting  their  movement*— Adrantafet  arising  ftt>m  Inertia— Mode*  of  communicating 
motion  to  bpoucinf  tube* — Purpose*  for  whieh  they  are  applicable— The  Boufleur. 

There  19  a  simple  mode  of  raising  water  which  to  oiir  knowledge  has 
never  been  adopted,  nor  yet  suggested — viz.  by  straight  and  open  pipes,  or, 
as  they  might  be  named,  tpoutittg  tvbes. 

Water  is  raised  in  the  ram  (No.  168)  by  the  force  which  the  liquid  ac- 
quires in  flowing  through  descending  channels,  but  in  the  instruments  to 
which  we  now  refer,  th^  same  effect  is  produced  by  its  momentum  ir 
passing  up  vertical  ones.  So  far  as  respects  the  force  of  a  liquid  in  mo* 
tion,  it  makes  little  difference  in  what  direction  it  moves — whether  the 
liquid  rise  perpendicularly,  or  having  first  descended  at  one  angle  it  ascend 
at  another.  A  jet  d*eau,  deducting  all  resistances,  rises  with  the  velocity 
with  which  it  would  fall  through  the  same  space ;  but  in  practice,  the  ve- 
locity is  diminished  by  the  length,  figure  and  dimensions  of  the  channel 
through  which  the  liquid  flows,  and  of  the  ajutage  from  which  it  escapes. 

Every  person's  experience  teaches  him,  that  a  very  small  force  is  sufli 
cient  to  disturb  a  large  body  of  water,  and  that  the  consequent  movement 
of  the  liquid  is  long  continued  after  the  force  is  withdrawn.  A  stone  dropt 
into  a  tank,  or  thrown  into  a  pond,  causes  waves  to  rise  and  roll  to  and 
fro  over  their  whole  sur&ces,  and  some  time  elapses  ere  the  movements 
cease.  Days  and  even  w^eks  elapse  after  a  storm  is  over  before  the  ocean 
rt^covers  its  previous  repose.  This  effect  is  the  result  of  the  great  mobility 
of  water ;  its  particles  move  with  such  extreme  facility  among  themselves, 
and  to  actively  impart  their  motion  to  each  other,  that  a  force  once  com- 
municated to  them  is  long  ere  it  becomes  exhausted.  It  is  the  same  to  a 
certain  extent  when  waves  rise  and  fall  within  tubes ;  for  although  the 
friction  of  liquids  against  the  sides  of  these  channels  is  considerable,  espe- 
cially in  Fmall  ones,  still  the  force  in  the  central  parts  is  but  slowly  con 
sumed.  A  device  therefore  by  which  the  oscillation  of  liquids  is  employca 
in  transn^itting  forces,  will  probably  consume  as  little  in  the  transit  as  any 
mechanical  device  known. 

It  has  already  been  remarked,  that  the  momentum  of  a  flowing  liquid 
suffers  less  in  passing  through  a  short  than  through  a  long  tube — through 
a  straight  than  a  crooked  one ;  and  we  may  add  that  this  is  more  especially 
true  when  the  figure  of  the  tube  is  expressly  designed  to  facilitate  the 
passage  of  tLo  moving  liquid,  instead  of  being  uniform  in  its  bore  through- 
out. Now  i.'.  these  particulars  spouting  tubes  are  eminently  superior  to 
others,  or  they  may  be  made  so.  They  are  short,  straight,  and  of  a  form 
adapted  to  tiie  rising  wave  within  them. 

Motion  i^  :  r)parted  to  water  in  a  spouting  tube  either  by  depressing  the 
liquid  bciuw  the  orifice  and  then  admitting  it  to  enter,  or  by  excluding  it 
from  the  tube  till  the  lower  orifice  of  the  latter  be  sufficiently  immersed. 
If  a  pipe  whose  lower  end  is  closed  be  plunged  peq^endieularly  in  water, 
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ihe  liquid  will  risct  within  it  the  moment  its  enri  is  opened ;  hut  it  will 
dugieiid  upiiii  ihc  length  and  (igure  of  the  tjbe,  and  the  relative  propirtion 
ril'  its  t»~ii  orifices,  whether  the  liquid  rush  up  above  the  surface  without, 
or  slowly  reach  it  and  there  remuin. 

The  following  are  selected  from  a  numI)erof  expcimanta  made  aeveral 
years  ago.  InHteail  of  doting  the  lower  orifice,  the  upper  one  wue  clnseJ 
with  the  fore  finger,  the  confined  air  acting  the  part  of  a  cork,  and  pre 
runtinc  ihe  liijuid  from  entering  unlit  the  finger  was  removed. 


EXPER.  1. — No.  S33,  a  cylindrical  glass  tube,  18  inches  long  and  half-inch 
core.  Ita  upper  orifice  was  closed  air-tight  by  the  finger,  and  the  lower 
one  then  held  four  inches  under  the  surface  of  the  water  !n  the  vessel. 
Upon  raising  tbe  finger,  the  licjuid  rose  in  the  tube  six  inches;  i,  -  it> 
Ittomeiilum  carried  it  two  inches  higher  than  the  surface  in  the  ci.itcm, 
and  after  a  few  oscillations  it  settled  at  the  same  level.  Cylindrical 
tubes  of  various  sizes  were  tried  at  dilferent  depths,  and  the  average  ex- 
tent of  the  rise  (above  the  surface)  was  equal  to  half  the  length  of  "Jii!  part 
if  the  tube  immersed  below  the  sarface.  If  No.  222  dipped  four  ■nches, 
the  rise  was  two— if  eight  inches,  it  was  four — and  if  twelve,  it  "*as  six. 
By  contracting  either  onlice  the  effect  was  diminished. 

ExPKR.  II. — No.  223,  a  tube  s1i>;htly  cnnical,  16  inches  long,  the  d.a- 
meter  or  bore  of  the  lare^e  end  half  an  inch,  and  that  of  the  small  end  O'le- 
third  of  an  Inch.  The  nse  of  the  lit^uid  in  this  exceeded  that  in  No.  322 
When  tried  with  the  large  end  up,  little  or  no  rise  took  place. 

EsPER.  III. — No.  224,  another  tube.  13  inches  in  length,  the  diameter 
of  whose  upper  orifice  was  three-sixteonths  and  of  the  lower  aeven-eightbb, 
of  an  inch.  Four  and  a  half  inches  of  the  lower  psrt  was  cylindrical 
When  dipped  four  inches  in  water  and  the  finger  removed,  'he  lianid  rose 
but  two  inches  above  the  surface.  This  was  owing  to  the  cylindrical  form 
of  the  lower  part  of  the  tul>e,  all  the  water  that  entered  bemg  required  to 
■ill  the  lower  p^rt.  When  the  dip  was  six  inches,  the  rise  was  five;  when 
mght,  the  jet  passed  oat  of  the  tube  and  ascended  sixteen  inches.  When 
the  lube  was  lowered  to  ten  inches  lielow  the  surface,  ihe  jet  rose  thirty 
inches;  and  when  the  end  of  the  tube  vvni  twelve  inches  under  the  surface, 
■he  jet  ascended  four  fuet  and  a  half.     Fourteen  inches  dip  tlirew  it  (ii 
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feet,  and  sixteen  inches  dip  caused  it  to  ascend  over  seven  feet.  The  rise 
in  cylindrical  tubes,  we  have  seen,  bore  the  same  relation  to  ilic  dip  at 
various  depths ;  but  this  experiment  shows  that  the  elevation  of  the  jei  in 
conical  tubes  increases  in  a  much  greater  ratio. 

ExPER.  IV. — To  include  the  extreme  proportions  between  the  two  or* 
fices,  we  next  took  a  matrass  or  bolt  head  (No.  225)  and  cut  a  portion 
from  the  glolie  opposite  the  junction  of  the  neck  or  pipe.  The  opc'iiing 
thus  made  was  3^  inches,  and  the  orifice  of  the  tube  three-tenths.  MHien 
the  lower  end  was  thrust  two  inches  below  the  surface,  scarcely  any  rise 
took  place  upon  removing  the  finger;  and  when  half  the  length  of  the 
whole  was  immersed,  say  ten  inches,  the  rise  did  not  exceed  six  or  seven. 
The  reason  was  plain  :  the  large  volume  of  air  contained  in  the  lower  part 
could  not  be  expelled  instantaneously  by  the  pressure  of  the  licjnid  column 
through  the  small  oriBce  above,  but  the  force  of  the  ascending  liquid  was 
consumed  in  doing  this.  Various  portions  were  now  cut  from  ihe  lowtr 
part,  with  a  view  to  ascertain  the  greatest  rise  that  could  be  obtained  witi 
a  dip  of  four  inches.  This  occurred  when  the  diameter  of  the  lower  enJ 
was  reduced  to  1|  inches  :  the  liquid  then  rose  between  nine  and  tezi 
.nches  above  the  surface.  The  upper  end  was  now  heated  in  the  flame 
of  a  lamp,  and  the  bore  enlarged  by  pressing  into  it  a  tapered  piece  of 
wood,  till  the  end  resembled  the  conical  ajutage  C  D  in  No-  201.  This 
caused  the  liquid  to  rise  an  inch  higher. 

ExPER.  V. — A  number  of  conical  tubes  of  ^he  same  length,  (21  inches) 
whose  wide  ends  diverged  or  flared  differently,  were  next  procured,  witli 
the  view  of  selecting  those  through  which  the  jet  rose  tlie  highest,  as 
affording  an  approximation  to  the  best  form.  The  one  reprepented  at  No. 
226  gave  a  better  result  than  any  other.  With  a  dip  of  four  inches  the 
jet  rose  thirteen.  The  diameter  of  its  lower  orifice  was  1.6  inches,  and 
that  of  the  upper  one  A  '  thi-ee  inches  ])elow  the  latter,  the  bore  was  .£. 
At  seven  Inches  from  the  smai  end,  the  bore  was  .3-^at  fourteen  inches, 
.4 — and  at  seventx»cri  inches,  5.  The  curve  given  to  the  flaring  part  of 
the  lower  end  should  be  that  whijh  the  fluid  itself  assumes  in  entering, 
but  tha*  given  in  the  figure  is  sufljcient  for  all  practical  purposes  to  which 
small  Instruments  of  tlfis  kind  are  applicable. 

Before  proceeding  we  may  observe,  that  these  instruments,  simple  as 
they  ar^,  and  even  when  charged  in  the  manner  indicated  above,  are  sus- 
ceptibid  of  some  useful  applications;  among  which  maybe  named  siphcns. 
if  the  tube  No.  226  were  bent  in  the  form  of  one,  it  might  be  applied  m 
numerous  cases  to  transfer  acids  or  other  liquids ;  and  as  it  would  be 
cliart»ed  by  the  mere  act  of  inserting  its  short  leg  into  the  liquid  to  be 
withdrawr.  there  could  l)e  no  danger  from  sucking,  &c.  as  in  using  the 
ordinary  mstrument.  It  will  moreover  be  perceived  from  the  third  expe-  ^ 
mnent,  Jiat  the  extent  to  which  these  siphons  are  applicable  increases 
with  the  depth  to  which  the  short  leg  can  be  immersed  :  out  as  this  chapter 
is  ap:^ropfialed  to  the  application  of  spouting  tubes  to  raise  water  from 
one  iwv*  •.  and  discharge  it  at  a  higher  one,  their  employment  as  siphons 
will  be  ">  lustrated  in  a  subsequent  part  of  this  volume. 

It  will  at  once  occur  to  every  machinist,  that  to  render  these  tubes  of 
an}'  practical  value  for  raising  water,  some  mode  of  working  them  very 
di'ilor.nt  from  that  of  alternately  opening  and  closing  the  upper  orifice  with 
the  linjar,  and  raising  them  wholly  out  of  and  then  plunging  them  into  the 
liquid,  woMlo  be  required  :  a  mode  of  regularly  and  rapidly  depressinjj 
the  liquid  ^  ithin  them,  that  the  wave  formed  by  its  ascent  might  rise  and 
fa'u  unifv/i-r./y, 

There  is  a  simple  way  of  doing  this  : — If  the  whole  of  the  tube  No.  22^ 
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he  sunk  perpendicularly  in  water,  except  one  or  two  inches  by  which  it  10 
iicld,  and  then  raised  eight  or  ten  inches,  air  will  enter  the  small  orifico 
and  fill  the  part  previously  occupied  by  the  lit^uid :  if  the  upward  move- 
ment he  very  slow,  the  air  will  g^radually  fill  the  interior  without  disturbing 
the  surface  of  the  liquid ;  but  if  the  tube  be  raised  by  a  rapid  movement 
or  slight  jerk,  the  air  will  then  rush  into  the  void  with  a  force  that  will 
push  down  the  liquid  before  it  to  a  considerable  depth,  so  that  on  the  re- 
ascent  of  the  liquid  its  momentum  will  project  a  portidn  in  the  form  of  a 
jet,  precisely  like  Nos.  224,  225  and  22^,  It  is  surprising  how  elevated 
a  wave  is  generated  in  the  tube  by  the  slightest  ascent  of  the  latter,  pro- 
vide<l  its  movement  be  made  sufficiently  quick.  The  rise  of  the  water, 
too,  follows  that  of  the  tube  so  rapidly  that  most  observers  at  first  suppose 
them  to  rise  simultaneously.  The  fact  is,  the  liquid  when  depressed  re- 
turns with  such  velocity  as  to  escape  from  the  tube  the  instant  the  stroke 
•8  finished,  and  even  before  its  motion  be  slackened. 

ExPER.  VI.  A  jet  may  be  produced  by  the  dest^ent  of  the  tube  as  well  as 
by  its  ascent.  Let  No.  22S  be  so  held  that  its  lower  end  dip  not  more  than 
an  inch  or  an  inch  and  a  half  in  the  water,  and  then  be  pushed  quickly 
down  eight  3i  ten  inches — a  stream  will  be  projected  from  its  upper  on- 
rce  to  an  elevation  of  six  or  seven  feet,  and  will  be  instantly  fallowed  by 
-another  that  will  reach  nearly  as  high.  The  same  cause  operates  here  as 
'n  the  upward  movement,  but  it  is  differently  excited.  A  small  part  only 
of  the  air  withm  is  expelled  at  the  end  of  the  stroke,  on  account  of  the 
tube's  rapid  descent,  and  consequently  the  water  is  prevented  from  enter- 
ing; but  as  soon  as  this  movement  of  the  tube  ceases,  the  liquid  rushes  in 
and  a  portion  ascends  in  the  form  of  a  jet.  On  the  subsequent  ebb  of  the 
wave  within,  another  one  rises  nearly  equal  to  the  first,  and  causes  the 
second  jet.  The  following  experiment  will  illustrate  both  movements  : — • 
A  small  glass  tube  eight  inches  long,  its  wide  end  an  inch  and  five-eighths 
diameter  and  its  small  end  one-eighth,  was  employed.  By  its  upward 
movement  or  stroke  the  extremity  of  the  jet  reached  to  an  elevation  of  nine 
feet.  By  the  downward  stroke  a  jet  rose  six  feet,  which  was  succeeded 
by  another  that  reached  four  feet  and  a  half.  Now  if  both  movements 
are  properly  combined  in  a  spouting  tube  of  large  dimensions,  we  believe 
the  instrument  may  be  made  to  raise  as  much  water,  in  circumstances 
adapted  to  its  employment,  as  any  other  hydro-pneumatic  machine. 

If  the  figure  given  to  No.  226  should  be  found  better  adapted  ihan  any 
other  when  the  tube  is  used  as  a  siphon,  it  does  not  therefore  follow  that 
the  same  form  would  be  the  most  suitable  to  produce  jets  of  water.  In 
the  former  case  the  instrument  acts  while  at  rest,  but  in  the  latter  a  con- 
stant and  rapid  movement  is  required  :  hence,  to  prevent  an  unnecessary 
expenditure  of  the  power  employed,  it  should  be  so  formed  as  to  present 
as  little  opposing  surface  to  the  resistance  of  the  dense  fluid  in  which  it 
works  as  is  consistent  with  the  elevation,  or  quantity  of  water  to  be  raised 
by  it.  This  remark  applies  particularly  to  the  lower  or  wide  end,  for  if 
that  part  be  suddenly  expanded  or  flared  like  a  trumpet,  a  volume  of  water 
«.f  equal  diameter  has  to  be  displaced  in  the  reservoir  every  time  ;he  tube 
9  pushed  down,  and  also  a  ring  of  water  whose  external  diameter  is  the 
■»ame  (the  internal  one  being  bounded  by  the  tube)  every  time  the  latter 
!•»  lifted  up.  When  used  as  spouting  tubes  the  lower  end  should  there- 
fore flare  very  little,  if  any,  unless  in  cases  where  the  outlay  of  power  to 
work  them  is  of  little  consequence  or  of  secondary  imp  r\ano&  Tiio 
upper  end  of  a  spouting  tube,  when  intended  to  throw  jets  fn-m  its  orifice, 
bhoald  not  diverge  like  that  of  No.  226,  since  the  elevation  ot'  the  stream 
'A'<^ii]d  be  thereby  diminished  :  instead  of  rising  in  a  compact  jet,  it  would 
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•ooner  become  expanded  and  broken.  When,  however,  orje  of  these 
iiutniraenU  is  intended  to  deliver  water  at  a  level  with  its  upper  orifice 
oiily.  then  the  discharging  orifice  should  resemble  that  of  No.  SiiG,  nr  C  I) 
in  No.  201,  as  an  increased  discharge  of  the  liquid  would  in  that  Ka»v  luke 
place  :  a  greater  flow  of  air  would  enter  on  the  ascent  of  the  tubu,  uiid  a 
larger  volume  of  water  flow  out  on  its  return. 

KxPEK.  Vll. — A  number  of  conical  tubes,  ten  inches  loii^,  were 
prepared.  The  diameter  of  the  small  ends  of  all  was  ^  inch,  while  the 
large  ends  were  respectively  4  inches,  3i,  3,  2^,  2^,  2^,  2,  1%.  IJ.  IJatid 
1  ;  and  iiesides  these,  two  cyluidrical  ones  of  ^  inch  and  ^  inch  bore. 
With  the  cyhndrical  tubes  no  Jet  could  be  produced  by  any  movement 
giver  to  them,  either  quick  or  alow,  however  deep  they  were  immersed; 
nor  yet  when  ihey  were  inclined.  When  the  conical  onea  were  immersed 
half  '.heir  length,  and  worked  without  plunging  ihem  deeper,  no  water 
could  be  i-jccted;  the  cause  of  this  however  was  not  the  same  in  all.  In 
six  or  seven  nf  the  largest,  the  parts  l>elow  the  surface  were  too  capacious 
tb  be  filled  institnliineodsly  with  air  through  tlie  small  oriRce  above  as  they 
were  raised.  The  sound  made  by  the  entering  fluid  (like  a  person  gasping 
for  breath)  shiiwed  this,  especially  in  the  largest.  But  in  the  smaller  sizes, 
the  air  entered  as  fast  as  they  were  raised,  and  consequently  dlsturlied  but 
slierliliy  the  surface  of  the  .^uid  within. 

Wn'enany  one  of  then  '\as  immersed  within  an  inch  of  the  small  end 
and  then  moved  :n(  ..-  1  ..ee  inches  up  anil  down,  a  jet  was  thrown  oul, 
I!  force,  on  uccnunt  of  the  irrvaier 
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ti.ass  of  the  liquid  put  in  moiioti  in  their  lower  part.     Still,  hot 
jet  did  not  rise  so  high  fn>m  the  large  as  from  some  of  the  smaller  tubes, 
'■ecause  the  aides  of  the  former  converged  so  rapidly  to   the   discimrging 
orlf'ce  [hat  the  liquid  particles  crossed  and  count eracti'd  each  other  as  lliey 
iaaucd.     Short  cylindrical  ajutages  soldered   on  two  of  the   largest  made 
nj  sensible  improvement.     The  disadvantages  of  making  the  lower  parts 
too  wide  or  spacious  fur  the 
entering  air  fully  to  occupy, 
was  also  very  apparent  when 
the  tubes  wei'e  raised  five  or 
(ix  inches  in  working  them. 
The  water  within  not  being 
wholly  displaced,  it  hung  in 
thera  as  in  an  inverted  tum- 
bler or  bucket,  and   coiise- 
[quently  its  weight  was  add- 
ed to  tiiat  of  the  tulie.     7'his 
of  force,   but   the  intended 
effect  was  diminished  and  in 
a  great  measure  deslioyed. 
The  same   thing  of  course 
occurs  if  a  smaller  tube  be 
used,  with  a  large  additional 
part  to  its  lower  extremity, 
lis  at  No.  229.      To  obviate 
this  by   furnishing  a  larger 
supply  than  would  enter  the 
th.JM.  NatKk  No-ssL      Na.m.     \<>.S33.  smaller  orifice,  we  adspied 

an  air  tube  whose  exterior 
eua  was  covered  by  i  valve  openiufr  "ipworda,  as  shown  in  t)ie  cut     The 


50'^  Rainttg  Water  Wfth  Open  Tubes.  [Book  V 

force  required  to  work  the  larger  tubes  was  very  sensible  but  with  tht: 
smaller  ones  it  was  scarcely  appreciable.  Those  whose  larger  ends  were 
2  inches  and  1^  inches  produced  the  highest  jets,  but  they  were  obviously 
too  much  tapered  for  practical  purposes,  and  even  the  sides  of  the  smallest 
one  named,  formed  too  large  an  angle  to  be  applied  with  advantage  a? 
great  depths. 

The  tube  No.  230,  two  feet  one  inch  in  length,  was  made  of  tin  plate. 
It  consisted  of  a  conical  piece  22  inches  long,  Ij  inches  wide  at  one  end, 
and  J  inch  at  the  other.  To  the  wide  end  a  flaring  piece,  3  inches  lo"g 
and  4  diameter  at  the  lower  edge,  was  added.  This  piece  was  made  of 
sheet  lead  for  the  convenience  of  forming  it.  When  wholly  immersed  in 
water,  except  2  or  3  inches  by  which  it  was  held,  this  tube  threw  a  jet  15 
feet  high.  By  the  upward  stroke  the  jet  rose  12  feet.  When  the  diverg- 
ing ajutage  A  (whose  contracted  part  was  the  same  as  the  orifise  of  the 
tube)  was  slipped  on  the  latter,  the  jet  was  dispersed  before  it  rose  8  feet. 
An  inch  was  cut  off  the  lower  end,  leaving  the  diameter  3  inches,  upon 
which  the  jet  rose  to  about  14  feet.  Another  inch  was  then  remo  'eJ, 
when  it  rose  still  lower ;  yet  it  might  still,  by  a  quick  back  stroke,  be 
thrown  nearly  as  high  as  at  the  first.  It  would  therefore  seem,  that  al- 
though a  large  flaring  end  requires  more  force  to  raise  it  than  a  small  one, 
yet  the  increased  velocity  required  to  be  given  to  the  downward  sti^r^*^. 
m  order  to  raise  the  jet  to  an  equal  height,  comes  to  much  the  same  thing. 
There  is  a  way  however  by  which  the  resistance  which  a  large  flaring  ^nd 
meets  with  from  the  water  may  be  avoided  in  the  upioard  stroke,  vi?.  by 
enclosing  the  tube  in  an  air-tight  cylindrical  one,  of  the  diameter  of  the 
flaring  end,  as  represented  by  the  dotted  lines  in  No.  230 :  or  the  instru- 
ment might  be  inserted  in  a  wooden  tube,  whose  specific  gravity  was 
about  the  same  or  rather  less  than  that  of  water. 

No.  231  was  3 J  feet  long,  formed  of  copper,  and  of  a  regular  tLper  lo 
within  four  inches  of  its  lower  end.  Its  diameter  at  the  small  onJ  w^s 
half  an  inch,  and  at  the  lower  end  3J  inches,  to  which  a  piece  flared  out 
to  six  inches  was  added.  By  an  upward  stroke  of  18  inches,  "the  jet  ros« 
17  feet ;  and  by  a  downward  stroke  of  one  foot,  it  rose  to  the  same  height. 
(These  measurements,  and  the  others  mentioned,  relate  to  the  extreme 
height  to  which  a  small  part  only  of  the  liquid  rose.  The  main  body  oi 
the  jet  seldom  reached  over  two-thirds  of  the  distance.)  When  the  up- 
ward stroke  was  continued  2J  feet,  the  rushing  air  pushed  all  the  waL<;r 
out  of  the  tube,  and  rose  up  on  the  outside. 

ExpER.  VIII. — We  next  prepared  a  larger  tube,  and  arranged  it  so  as 
to  be  worked  in  a  light  wooden  frame,  whicli  was  secured  in  a  w:nc  pip© 
filled  with  water.  (See  No.  233.  The  wine  cask  is  omitted.)  This  in- 
strument was  deemed  equal  to  any  that  was  tried — the  (|uantity  of  water, 
and  the  elevation  to  which  it  was  raised,  being  compared  with  the  force 
employed.  It  should  not,  however,  be  considered  as  exhibiting  anything 
like  the  maximum  effect  which  spouting  tubes  are  capable  t^f  producing, 
because  the  friction  of  the  liquid  m  passing  through  so  small  an  orifice  as 
that  of  No.  233  was  very  considerable.  The  reader  is  therefore  requested 
to  bear  in  mind,  that  the  lar^''er  the  bore  of  these  tubes,  the  more  favorable 
would  be  the  result ;  and  that,  although  jets  of  water  may  be  thrown  very 
high  by  them,  yet  they  are  better  adapted  to  raise  large  volumes  of  water 
to  small  heights. 

The  tube  No.  233  was  ^\'i5  feet  long.  It  was  composed  of  one  piece  4 
feet  4  inches  in  length,  .7o  of  an  incli  diameter  at  one  end,  and  2.9  inches 
at  the  other.  To  this  end  a  piece  5  inches  long  was  added,  which  madi: 
the  diameter  ^,5  inches ;  and  to  this  another  piece  3  inches  long,  which 
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made  the  extreme  end  of  the  tube  7.5  inches  diameter.  The  tube  as  thus 
formed  was  secured  to  a  straight  scrip  of  wood  of  nearly  the  same  length, 
by  means  of  three  copper  straps,  which  were  soldered  to  the  tube  and 
screwed  to  the  wood.  (See  the  figure.)  About  a  foot  from  each  end,  and 
across  the  back  of  the  strip,  two  pieces  of  wood,  3  inches  long  and  IJ 
wide,  were  secured.  They  projected  half  an  inch  over  each  side  of  the 
strip,  and  were  beveled  at  the  ends,  so  as  to  fit  into  and  slide  readily  up 
and  down  in  a  dovetailed  groove  formed  on  the  face  of  the  post  F  F. 
This  post  was  secured  in  an  inclined  position,  as  represented.  When 
large  tubes  are  used  they  should  always  be  inclined,  that  the  water  once 
raised  above  the  orifice  may  not  fall  into  it  again  and  run  back.  The 
sur&ce  of  the  water  in  the  cask  was  13  inches  below  the  upper  end  of  the 
tube,  and  upon  working  the  latter  the  jet  (J  of  an  inch  diameter)  rose  22 
feet.  A  piece  of  pipe  was  next  slipped  on  the  end,  which  made  the  tube 
a  foot  longer,  and  reduced  the  orifice  to  half  an  inch,  when  the  jet  rose 
little  if  any  higher  than  before.  Another  tapered  piece  of  pipe  was  added 
to  the  last,  making  the  orifice  five-sixteenths  of  an  inch,  upon  which  the 
jet  did  P  't  ascend  over  six  or  eight  feet.  An  air-pipe,  figured  at  No.  232, 
was  now  added,  that  the  water  might  be  fully  depressed  in  the  tube  on  its 
ascent,  but  the  jet  was  so  pinched  at  the  orifice  that  no  obvious  change 
was  perceived. 

The  upward  stroke  ought  to  be  so  regulated,  that  the  air  in  rushing 
down  should  push  nearly  all  the  water  out  of  the  tube,  that  the  wave  in 
rising  may  be  urged  up  with  the  full  pressure  of  that  above  it  in  the  re- 
sei  V".  T  :  hence  the  elevation  of  the  jet  produced  by  the  upward  stroke  of 
a  spoutmg  tube  depends  chiefly  upon  the  depth  of  its  immersion.  But  if 
the  upward  movement  exclude  nearly  all  the  water,  the  downward  one 
if  made  with  due  velocity  prevents  it,  or  much  of  it,  from  entering  before 
the  tube  itself  gets  nearly  to  the  end  of  its  stroke,  and  consequently  the 
effective  height  of  the  hydrostatic  column  is  then  increased  to  an  extent 
equal  to  the  length  of  the  stroke.  On  the  other  hand,  if  the  upward 
movement  be  made  so  quick  that  the  air  has  not  time  to  fill  the  enlarged 
space  below  before  the  stroke  is  finished,  then  little  or  no  rise  will  take 
place.  The  operation  in  this  case  is  the  converse  of  the  experiment  with 
the  .iiatrass.  No.  225. 

W'hen  the  movements  of  one  of  these  instruments  are  properly  timed, 
the  inertia  of  the  descending  air  and  ascending  liquid  is  peculiarly  bene 
ficial.  In  ordinary  machines,  where  the  direction  of  moving  masses  is 
reversed,  or  when  they  are  alternately  brought  into  a  state  of  rest  and 
motion,  the  inertia  is  overcome  by  an  outlay  of  the  force  employed  ;  but 
this  is  not  the  case  with  spouting  tubes.  Thus  when  a  tube  is  raised,  the 
air  descends  into  the  vacuity  left  by  the  retiring  liquid,  and  when  its  mo- 
mentum Is  expended,  its  motion  is  continued  by  inertia  alone,  and  conse- 
quently the  water  is  pushed  down  still  further.  Then  again,  on  the  ascent 
of  the  liquid  the  elevation  of  the  jet,  or  the  volume  discharged,  will  be 
i?icreastHi  if  the  inertia  of  the  rising  wave  be  suffered  to  expend  itself 
without  interference  by  an  untimely  movement  of  the  instrument. 

A  reciprocating  rectilinear  movement  might  he  given  to  spouting  tubes 
by  a  spring-pole,  as  in  the  canne  hydraulique.  The  movement,  however, 
should  be  regulated  by  that  of  the  wave.  This  might  be  accomplished  in 
large  tubes  by  connecting  to  the  moving  apparatus  a  heavy  pendulum 
whose  length  could  be  increased  or  diminished  according  to  that  of  the 
stroke. 

If  a  tank  or  reservoir  be  not  sufficiently  deep  for  the  employment  of 
these  tuues,  an  opening  of  the  proper  size  and  depth  might  be  made  ai 
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the  comer  or  side  in  which  to  work  them.  When  water  is  to  be  discharged 
on  a  level  with  the  orifice,  the  upper  part  of  the  tube  should  slide  through 
another  fixed  to  and  standing  above  the  bottom  of  the  receiving  cistern, 
that  the  liquid  when  once  raised  may  not  run  back ;  and,  for  the  same 
reason,  the  tube  should  be  inclined.  Among  other  uses  to  which  they 
are  applicable  is  that  of  occasionally  watering  or  washing  trees  and 
plants.  In  public  gardens  and  other  places,  where  a  jet  a  eau  cannut 
otherwise  be  conveniently  obtained,  these  instruments  might  be  placed 
in  a  reservoir  and  moved  by  concealed  mechanism,  so  as  to  produce  one; 
and  although  it  would  consist  of  a  succession  of  jets,  the  movements  mis:ht 
be  so  regulated  that  they  would  appear  but  one.  The  motion  of  the  tube 
itself  might  also  be  hid,  by  making  it  play  in  the  interior  of  a  fixed  one, 
above  whose  orifice  it  need  not  protrude.  In  this  manner  the  air  in  fac- 
tories, hospitals,  and  rooms  of  private  dwellings,  might  be  kept  cool,  and, 
by  perfuming  the  water,  rendered  very  agreeable  and  refreshmg  in  sultry 
weather.  In  fact,  at  every  place  where  a  fountain  is  desirable,  a  vase 
and  spouting  tube  might  be  used. 

The  experiments  we  have  given  are  very  imperfect,  but  they  may  serve 
to  excite  those  persons  who  have  leisure  and  opportunity  to  pursue  the 
subject.  This  mode  of  raising  water  is  deserving  of  a  rigid  investigation, 
and  will  amply  repay  all  the  labor  expended  upon  it. 

There  is  a  natural  illustration  of  spouting  tubes  in  the  Souffleur,  or 
Blower,  on  the  south  side  of  the  Mauritius.  The  action  of  the  waves  has 
undermined  some  rocks  that  run  out  into  the  sea  from  the  main  land,  and 
has  worn  two  passages  that  open  vertically  upwards.  They  are  repre- 
sented **  as  smooth  and  cylindrical  [conical  f]  as  if  cut  by  a  chisel."  When 
a  heavy  sea  rolls  in,  it  fills  in  an  instant  the  caverns  underneatli,  and  finding 
no  other  egress,  a  part  is  forced  up  the  tubes  to  an  elevation  of  sixty  feeL 
The  moment  the  waves  recede,  the  vacuum  left  by  them  causes  the  wiijj 
to  rush  into  the  apertures  with  a  noise  tha^is  heard  at  a  considerable  dis- 
tance. See  a  description  of  this  phenomenon  in  the  Saturday  Magazija, 
vol.  vL  D.  77. 
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CHAPTER    V. 


Nature's  devicet  for  raising  watei^-Their  iofluence— More  common  than  other  natural  opsratioos— 
The  globe  a  self-uioving  hydraulic  engine— Streams  flowing  on  iU  surlace— Others  ejected  Trom  iti 

bowels Subterranean  cisterns,  tubes  and  siphons—Intermitting  springs— Natural  rams  and  pressure 

sngiiie*— Eruption  of  water  on  the  coast  of  luly— Water  raised  in  vapor— Clouds — Water  raised  by 
steam— Geysers— Earthquakes— Vegetation— Advantages  of  studying  it— Erroueous  views  of  future  hap 
plaesa- -Circulation  of  sap — This  fluid  wonderfully  varied  in  its  effects  and  movements — ^Pitcher  plant 
acd  Peruvian  canos— Trees  of  Australia — Endosmosisr-Waterspouts— AmmuI  of  liquids   by  cupiUar> 
attraction— Tenacity  and  other  properiies  of  liquids — ^Ascent  of  liquids  up  inclined  planes — Liquid  drupi 

•Their  uniform  diffusion  when  not  counteracted  by  gravity— Their  form  and  sizo— SoA  and  liard 
B>ldering— Aiicent  of  water  in  capillary  tubes  limited  only  by  its  volume— Cohesion  of  liquids — Ascent 
of  water  through  sand  and  rags— Rise  of  oil  in  lamp  wicks  and  through  the  pores  of  boxwood 

Before  taking  leave  of  artificial  machines  for  raising  water,  a  few  of  the 
r^ost  prominent  of  those  which  nature  employs  may  be  noticed  ;  for,  aftei 
dl,  the  best  of  human  contrivances  are  but  imitations  of  hers. 

The  extent  to  which  raising  of  water  is  carried  by  nature  is  wonderful 
Persons  who  have  not  reflected  on  the  subject  would  hardly  suspect  the 
Influence  which  this  operation  exerts  on  our  globe ;  yet  it  is  one  which 
thp  Creator  has  adopted  to  bring  about  results  upon  which  the  happiness 
of  all  things  living  depend.  To  the  elevation  of  water  into  the  atmosphere, 
and  its  .eturr  to  the  earth,  the  formation  of  continents  and  islands,  lakes 
rivers,  lourtans,  valleys,  plains,  gravel,  sand,  mould,  &c.  are  due.  Tlie 
fertility  of  soil,  growth  of  vegetables,  and  life  of  animals,  aro  also  to  be 
attributed  in  a  greater  or  less  degree  to  the  same  source. 

Of  nature's  machinery,  devices  to  raise,  diffuse  and  colle  X  water  are 
ihe  most  common.  They  pervade  all  her  works — the  most  magnificent 
and  the  most  minute  :  and  if  we  turn  our  thoughts  to  the  world  at  large 
and  contemplate  it  as  a  whole,  we  find  it  performing  the  part  of  an  immense 
hydraulic  engine,  one  which  never  stops  working,  and  whose  energy  nevei 
fiag6«  If  almost  every  point  of  view  this  feature  is  obvious.  In  its  ex- 
terior our  planet  is  rather  aqueous  than  terrene.  Three-fourths  of  its 
surface  are  sunk  into  basins  and  scooped  into  channels  for  the  reception 
and  transmission  of  water ;  more  than  one-half  is  occupied  by  the  ocean, 
the  principal  reservoir;  while  the  other  half  is  intersected  in  every  direc- 
tion by  lakes,  rivers,  and  rivulets  innumerable,  that  convey  tlie  dispersed 
liquid  back  to  the  sea.  The  motion  imparted  to  water  also  exhibits  every 
degree  of  activity  and  agitation,  from  overwhelming  torrents  and  moun- 
tainous waves,  to  the  gentle  shower  that  descends  as  if  dropt  through  the 
finest  cullender,  and  the  placid  stream  that  glides  imperceptibly  by. 
Sometimes  we  behold  it  running  with  the  speed  of  a  race  horse,  roar- 
ing among  rapids,  leaping  over  precipices  and  darting  down  cataracts — 
here  dashed  into  spray,  there  churned  into  foam ;  now  winding  in  eddies 
and  gyrating  in  whirlpools ;  passing  through  channels  whose  paths  are 
^ortuous  as  those  of  a  serpent,  and  shooting  through  others  8tru.^^ht  as  an 
arrow. 

Open  channels  and  reservoirs  constitute,  however,  but  a  part  of  nature's 
hydraulic  machinery.  In  the  interior  of  the  earth,  are  close  and  air-tight 
reservoirs,  and  tubes  of  every  imaginable  size  and  figure,  and  of  iocon 
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ceivable  strength.  These  receive  and  transmit  liquid  columns  wlosc 
hydrostatic  pressure  would  shiver  the  strongest  conduits  made  by  man, 
while  the  volumes  of  water  that  play  within  and  pass  through  them  render 
utterly  insignificant  all  the  products  of  artificial  engines.  We  know  that 
rivers  sometimes  discharge  themselves  into  subterraneous  tubes,  which, 
transporting  the  fluid  to  a  distance,  again  vomits  it  up.  In  this  manner 
water  is  often  conveyed  to  places  where  its  appearance  is  diificuh  tc^ 
account  for,  because  of  the  level  of  all  the  neighboring  regions  being 
far  below  the  aperture  of  discharge — this  being  sometimes  ou  the  summit 
of  mountains,  and  often  at  their  sides. 

But  the  transmission  of  water  from  one  level  to  another  through  pipes, 
is  one  of  the  simplest  operations  in  natural  as  it  is  in  artificial  hydraulics. 
The  flexure  of  the  tubes  fabricated  by  nature  convert  some  of  them  into 
siphons,  and  these  often  decant  the  contents  of  caverns  in  whicn  wacei 
slowly  accumulates.  The  liquid  rises  till  it  flows  over  the  highest  bend 
in  the  tube,  and  the  siphon  being  thus  charged  continues  in  operation,  like 
one  of  ours,  until  the  reservoir  that  supplies  it  be  emptied,  or  the  contents 
reduced  to  a  level  with  the  external  orifice  of  the  discharging  leg.  The 
action  then  ceases  until  the  cavern  be  again  filled  and  the  operation 
renewed.  Hence  intermitting  springs,  and  some  of  those  that  ebb  and 
flow. 

Natural  machines  analogous  to  water-rams,  pressure  engines,  and  foun- 
tains of  compression  are  doubtless  also  in  operation  in  the  bowels  of  the 
earth.  In  the  intricate  and  infinitely  variegated  chasms  and  fissures 
through  which  water  is  falling  and  gases  collecting,  the  principles  of  these 
machines  must  necessarily  be  often  excited,  and  on  scales  of  magnitude 
calculated  to  strike  us  with  awe.  It  is  not  improbable  that  some  of  those 
horrible  eruptions  mentioned  in  history  and  others  that  have  occurred  at 
sea  without  human  witnesses  were  effected  by  machinery  of  this  descn(>- 
tion.  The  subaqueous  eruption  which  occurred  on  the  south-west  coast 
of  Italy,  in  1831,  was  probably  an  example.  A  column  of  water,  QOO 
yards  m  circumference,  was  forced  to  an  elevation  of  sixty  feet,  and  an 
island  formed  of  the  solid  materials  displaced. 

But  natural  devices  are  not  confined  to  such  as  raise  liquids  by  the  mo- 
mentum they  acquire  in  flowing  through  tubes,  or  oscillating  in  waves, 
nor  by  the  hydrostatic  pressure  of  one  volume  transmitted  by  means  of 
airs  to  another.  There  are  some  in  which  water  is  raised  by  solar  beat 
The  liquid  is  converted  into  steam  or  vapor,  in  which  state  it  is  tendered 
lighter  than  air,  and  consequently  ascends.  This  may  be  considered  &fi 
nature's  favorite  plan.  It  is  in  operation  everywhere,  and  always.  By  •> 
water  is  drawn  from  every  part  of  the  earth's  surface — lx)th  sea  and  lana, 
and  by  it  oceans  of  the  liquid  are  kept  suspended  above  us  in  the  form 
of  clouds,  until  it  again  returns  in  showers  of  rain  and  drifts  of  hail  and 
snow.  Of  the  quantity  thus  elevated,  we  may  form  some  rude  idea  froir 
the  calci/'ations  of  Halley  respecting  that  drawn  daily  from  the  surface  ci 
the  Mediterranean,  viz.  between  ^we  and  six  millions  of  tons !  a  result 
which  he  deduced  from  experiments.  £vory  person  knows  that  canals 
require  an  extra  supply  of  water  to  meet  the  expenses  of  evaporation. 
By  experiments  on  the  canal  of  Languedoc  in  France,  the  annu&i  quan- 
tity thus  br^rne  off  was  found  to  be  nearly  three  feet  in  depth  over  its 
whole  areai.  Clouds  of  vapor  or  steam  are  often  observed  hanging  ov^t 
marshy  around,  until  the  wind  rises  and  bears  tliem  away.  In  hot  sea- 
sons Cf>pious  steams  may  be  seen  ascending  just  after  a  shower ;  but  in 
general  aqueous  vapor  thus  generated,  is  invisible  as  it  is  impalpable. 
In  clear  weather,  we  are  not  sensible  of  its  presence  or  of  its  movements 
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We  literally  live  ;n  it,  as  in  tlie  spray  of  a  fountain,  but  our  perceptions 
are  too  gross  tx.*  detect  it. 

How  simple  is  frhis  mode  of  raising  water,  and  yet  how  effective !  How 
silently  does  it  «,7ork,  and  yet  how  sure !  In  its  liquid  state,  water  is  too 
heavy  to  bo  suspended  in  the  firmament ;  hence  the  Creator  has  made 
this  provision  to  attentate  its  particles  by  heat.  It  then  rises  upwards  of 
its  own  acxjrd — neither  wheels  nor  cranks,  pumps,  pistons,  pi'pes,  nor 
even  power  is  required  to  send  them  up,  or  to  keep  them  there ;  and  yet 
billions  of  tons  are  rising  every  hour,  and  accumulating  in  masses  so 
rreat  as  to  bafRc  language  to  describe  or  thought  to  grasp.  And,  what 
13  equally  remarkable,  neither  cisterns  are  required  to  contain,  nor  con- 
duits through  whic!'  to  convey  them.  The  phenomenon  teaches  us  how 
a  heavier  fluid  may  be  suspended  in  a  lighter  one,  and  that  the  proposition 
of  water  beinp  800  times  heavier  than  air,  is  only  conditionally  true — 
depending  merely  upon  the  state  in  which  those  fiuids  are  ordinarily 
exhibited  to  us.  To  increase  our  admiration,  the  salt  water  of  the  ocean 
is  during  the  process  of  elevation  distilled  into  fresh,  thus  furnishing 
among  other  suggestions  that  by  which  navigators  have  often  adopted  to 
sustain  life  in  ti^o  extremities  of  thirst. 

Water  is  also  contmually  being  converted  into  vapor  and  urged  into 
the  atmosphere  by  subterranean  heat.'  Our  planet  may  be  considered, 
as  indeed  it  was  by  *he  ancients,  as  a  cauldron,  in  which  steam  is  gene- 
rated by  those  fires  vhose  Hues  are  volcanos.  Oceans  of  the  liquid  are 
incessantly  but  silentjy  thrown  up  from  this  cause.  But,  as  might  be 
expected,  from  the  mtncatc  a-rangement  of  internal  chambers  and  channels 
of  communication,  steam  must  ofVen  accumulate  in  cavities  until  its  elasticity 
drives  up  the  water  that  seals  the  passage  to  the  surface.  Hence  boiling 
and  thermal  spring;^,  and  hence  also  the  hot  spouting  springs  of  Iceland. 
According  to  Oiafsen,  a  Danish  traveler,  one  of  the  Geysers  exhibited  a 
jet  at  one  time  19  feci  In  diameter  and  360  feet  high ! 

Modern  authors  explair.  the  phenomenon  of  earthquakes  by  the  accu- 
mulation o:  steam  in  the  ^jowels  of  the  earth.  Plutarch  says  the  Stoic 
philosophers  did  the  same ,  but  long  before  Zeno  appeared  the  opinion 
prevailed,  and  caused  the  epithet  "  shaker  of  the  earth"  to  be  given  to 
Neptune.  The  mccbanical  as  well  as  chemical  operations  going  on  within 
the  earth,  are  wonderful  in  their  nature  and  terrible  in  extent.  Well 
might  mythologists  locate  the  workshops  of  the  gods  there,  and  place  the 
^rges  of  Vuican  and  the  Cyclops  at  the  base  of  volcanos. 

Of  contrivances  for  raising  liquias,  as  developed  in  the  organization  of 
animals,  we  took  some  notice  in  the  second  and  third  books.  Most  if  not 
all  of  them  may  be  considered  modifications  of  bellows  and  piston  pumps. 
In  the  vegetable  kingdom,  other  devices,  and  such  as  are  based  on  other 
principles,  are  in  active  operation.  This  portion  of  creation  exhibits  in  a 
striking  light  the  important  pari  which  devices  for  rais-Ing  water  perform 
in  the  constitution  of  our  globe.  Every  tree  and  every  plant,  irom  the 
towering  cedar  of  Lcr.an(»ri.  to  the  hyssop  ti;at  springeib  out  of  the  wall, 
from  rho  v/: de-spreading  banyan  to  a  wU<»».*#»ri  Ft«^w  or  roclou  vine,  is  a 
natural  pump,  through  whos«  labesx^iitor  Ui  d'tiwrj  from  the  earth  or 
imbibed  froTi  the  air. 

Tiiere  is  something  exceedingly  pieasinff  and  sublime  in  the  contempla- 
tion of  the  growth  of  vegetables,  the  germinaticn  of  seeds,  appearance  of 
sprouts,  development  of  stems,  branches,  leaves,  buds,  blossoms,  flowers, 
anj  fruits — their  variegated  forms,  dimensions,  movements,  colors,  and 
odors.  Some  persons  who  have  never  turned  their  attention  to  this  subject 
till  the  evening  ^f  their  days,  have  be^n  astonished  at  the  wonders  which 
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burst  on  their  view.  A  new  state  of  existence  seemed  to  onec  upon  thenoL 
Their  perception  and  estimate  of  things  were  changed,  instead  of  con- 
sidering the  world  as  calculated  only  for  what  man  too  generally  makes 
\l — a  scene  for  the  display  and  gratification  of  the  mc?t  groveling  and 
sordid  passions,  they  find  it  a  theatre  crowded  with  encnanting  specimens 
of  the  Creator's  skill,  the  study  of  which  imparts  ^he  sweetest  p;&asure, 
and  the  knowledge  of  which  constitutes  the  greatest  wealth. 

Those  pious  but  mistaken  people,  who  incessantly  murmur  against  the 
world,  and  long  to  depart  from  "  this  howling  wilderness,"  as  they  are 
pleased  to  term  it,  reproach  their  Maker  by  reviling  his  work-  They  are 
waitinff  for  future  displays  of  his  gloiy,  and  neglect  those  ravishing  ones 
by  which  they  are  surrounded,  forgetting  that**  the  whole  earth  is  full  of 
his  glory" — looking  for  sources  of  pleasure  to  come,  and  closing  their 
eyes  on  those  before  them — thirsting  for  the  waters  of  heaven,  and  despis- 
ing the  living  fountains  which  the  Father  of  all  intellects  has  opened  for 
them  on  earth.  They  seem  to  think  happiness  hereafter  will  not  depend 
upon  knowledge,  or  that  knowledge  will  be  acquired  without  effort — a 
kind  of  passive  enjoyment,  independent  of  the  exercise  of  their  intellectual 
or  spiritual  energies.  But  they  have  no  ground  to  hope  for  any  such  thing. 
Reasoning  from  analogy  and  the  nature  of  mind,  the  happiness  of  8)..irit8 
must  consist  in  being  imbued  with  a  love  of  nature — ^in  contemplating  the 
wisdom  and  other  attributes  of  the  Deity,  as  they  are  unfolded  in  the  works 
of  creation.  In  what  else  can  it  consist]  It  is  not  probable  that  human  or 
finite  beings  of  any  class  can  ever  know  God  except  through  the  medium 
of  his  works. 

It  is  admitted  that  the  study  of  nature  is  a  source  of  exquisite  pleasure 
to  intelligent  beings,  and  the  most  reBned  one  too  that  the  mind  can  con- 
ceive :  it  is  also  one  that  can  never  be  exhausted.  Those  persons,  therefore, 
who  take  no  pleasure  in  examining  the  works  of  creation  here,  are  little 
prepared  to  enter  upon  more  extensive  and  scrutinizing  views  of  them  in 
<»ther  worlds.  If  they  have  no  relish  for  an  acquaintance  with  the  Crea- 
tor's works  while  they  live,  they  have  no  right  to  expect  new  tastes  for 
them  after  death.  The  works  of  God  are  all  perferX  ;  those  in  this  world 
as  well  as  those  in  others ;  and  he  that  can  look  with  apathy  on  a  tulip 
or  a  rose,  a  passion  flower  or  a  lily,  or  any  other  production  of  a  flower 
garden  or  a  forest,  has  not  begun  to  live.  Besides,  we  are  not  sure  that 
other  worlds  possess  more  captivating  or  more  ennobling  subjects  for 
Cfintemplation  and  research -»more  thrilling  proofs  of  the  wisdom  und 
beneficence  of  Grod. 

The  circulation  of  sap  (sometimes  called  the  blood  of  plants)  is  one  o' 
the  most  interesting  of  natural  phenomena.  It  is  connected  with  some  of 
the  most  delightful  feelings  of  our  nature,  and  with  the  activity  and  joys 
of  the  bruf?  creation.  When  in  spring  its  action  commences,  a  sensation 
of  buoysncy  pervades  all  organized  beings.  The  earth  begins  to  put  on 
her  riclwH  n.ttire— her  inhabitants  rejoice  in  her  approaching  splendor,  and 
exult  in  view  of  the  feasts  preparing  for  them.  ()n  thi*  oilier  hand,  when 
in  autumn  her  frej^hnoss  fades  nnd  her  glory  wither^,  all  feel  the  change. 
How  infinitely  varic*i  are  the  effects  of  pap  and  the  energy  of  its  move- 
ments !  Ru:«'riing  lo  the  summit  of  the  lallcst  trees,  and  lingering  n  cne 
grass  of  our  meadows—  -shooting  up  perpendicularly  in  the  poplar  and 
pine,  horizontally  in  the  branches  of  the  baobab  and  oak,  and  descend  • 
ing  in  those  of  the  Indian  fig-tree  and  willow.  In  some  plants,  accuRiu- 
'ating  chiefly  in  their  roots,  as  in  the  turnip,  radish,  and  potato,  ar^j 
emerging  aba  ^e  ground  in  cucumbers  and  melons — ^ascending  higher  in 
the  bushes  of  currants  and  gooseberries,  and  ranging  over  those  in  apple 
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und  pear  *  -oes.  By  what  wonderful  process  is  sap  distilled  into  liquid 
honey  ir.  'he  maple,  and  into  wine  in  the  grape  1  How  is  it  elaborated 
into  fVuitF  cf  every  flavor,  and  exhaled  in  perfumes  from  sweet  scented 
herbs,  and  in  what  mar.rier  does  it  contribute  to  produce  every  imaginable 
color  and  tint  in  Powers  1 

By  what  means  does  sap  ^irm  a  natural  vase  in  the  pitcher  plant,  and 
then  enter  it  as  limpid  wate> ,  along  with  rain  and  dew  ]  This  singulai 
production  of  the  vegetable  kingdom  collects  water  from  the  earth  and 
atmr)8phere  in  vessels  of  the  same  consistence  and  color  as  the  leaves 
Each  pitcher  is  strcngthent^J  by  a  hoop,  and  furnished  with  a  cover  or  lid 
that  turns  on  a  Bbrous  hiiige.  When  dew  or  rain  falls,  this  cover  opens  , 
and  as  soon  as  the  weather  clears,  it  clones  and  prevents  the  water  that 
entered  :'Vom  berg  wasted  by  evaporation.  There  are  other  plants  which 
»tore  up  water  much  in  the  same  way.  Such  were  the  reeds  that  relieved 
Alvarado  (one  of  the  conquerors  of  Peru)  and  his  companions  from  perish- 
ing of  thirst.  Garcilasso,  in  his  Conmiontaries  observes,  "  The  inform 
mation  they  had  of  «ht  water  was  from  the  people  of  the  country,  who 
guided  them  ';>the  canes,  some  o'  which  contained  six  gaUans,  and  some 
more." 

We  know  tha^  tne  ^-uices  of  nbnts  cannot  be  raised  without  force,  and 
that  this  force  must  be  iiiwreaseu  with  the  elevation  to  which  the  liquid  is 
tjo  be  liftad  Animals  exert  a  muscular  power  in  working  the  pumps 
formed  ir  their  bo«lies,  and  these  machines  they  put  in  motion  at  will. 
This  is  not  thie  case  with  vegetables  :  yet  sap,  the  pabulum  of  their  life, 
is  elevated  to  t^e  tops  of  the  L'ghest  trees,  and  apparently  with  the  same 
facility  as  it  is  diffused  through  microscopic  plants  That  the  force  by 
which  this  is  done  is  not  latent  or  ne^i^ative  in  .ts  nature,  is  clear, *s':nce  it 
may  easily  be  rendered  manifest.  Cut  a  brarxh  from  a  vine  in  the  spring 
whon  the  sap  is  rising,  and  stretch  a  p.ece  of  india  rubber  iver  the  end 
of  the  part  that  remains,  secure  it  by  thread  wound  round  cne  stump,  so 
aj8  to  exclude  the  aii  and  prevent  the  wound  from  healing.  In  a  little 
while  the  cai  utchouc  wil*  be  swelled  or  bulged  out  ty  the  exuding 
fluid;  and  it  will  continue  to  sweil,  however  thick  it  may  be,  till  it  burst. 
A  few  years  ago  we  treated  in  this  way  some  branches  of  an  Isabella 
grape  vme,  and  afterwards  applied  to  one  of  them  a  close  vessel  contain- 
i..^  mercjr^;',  in  which  the  lower  end  of  a  long  glass  tube  was  immersed 
witn  a  view  to  measure  the  force  excited.  In  four  days  the  mercury 
rose  36  inches  in  the  tube,  being  pushed  up  by  the  sap  which  took  its 
place  in  the  vessel ;  and  bit  for  an  acci  •  .nt,  by  which  the  apparatus  was 
broken,  it  would  probably  have  ascended  still  higher. 

But  this  /  rce,  gre**.  as  it  was,  is  small  when  compared  with  that  which 
sends  the  fluid  throuph  trees  that  grow  on  the  Australian  continent  and 
islands.  Some  of  these  lOsemble  single  tubes,  and  are  fllled  with  a  semi- 
fluid or  soft  pith.  Tasman,  the  discoverer  of  Van  Dieman's  Land,  found 
trees  there  whose  lowest  branches  were  between  60  and  70  feet  above  the 
ground.  The  >  rench  expedition  sent  in  search  of  the  lamented  Perouse, 
found  on  Coos  island  a  tree  nearly  100  feet  high,  and  only  three  inches 
in  diameter  it  was  ot"  so  hard  a  texture,  that  it  resisted  at  flrst  the 
heaviest  blows  of  an  axe ;  and  when  the  pith  was  taken  out,  the  thick* 
ness  of  the  wood  did  not  exceed  i^  of  an  inch — forming  a  perfect  tube. 
But  this  Tee  was  only  half  the  height  of  some  others  in  the  same  regions; 
for  several  were  seen  whose  diameters  were  only  seven  or  eight  inches, 
and  whose  tops  towered  upwards  of  200  feet  above  the  earth  1  The  force 
that  drives  sap  to  such  elevations  is  wonderful  indeed  ;  and  could  it  be 
applied  as  a  mechanical  agent,  it  would  be  resistless  as  steam,     .'t  mi^^h' 
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be  supposed  that  a  force  so  energetic — one  that  would  rupture  pip€M 
which  convey  water  to  our  dwellings — would  rend  asunder  most  of  the 
delicate  pores  through  which  it  circulates ;  and  so  it  would  were  ncA  their 
diameter  so  exceedingly  small — for  the  strength  of  tubes  increaseB  as  their 
bore  is  diminished. 

The  ascent  of  sap  has  been  explained  by  £rt<^«inom,  or  transit  of  bodies 
through  pores.  See  two  interesting  papers  on  this  subject  in  the  Journal 
of  the  Franklin  Institute,  vols,  xvii  and  xviii,  by  J.  W.  Draper,  now  Prof, 
of  Chemistry  in  the  New- York  University. 

Water  Spouts  constitute  a  peculiar  class  of  nature's  contrivances  for 
raising  water.  Electricity  is  supposed  to  have  a  controlling  influence  in 
their  u)rmation  ;  but  the  mode  by  which  it  acts  is  not  clearly  understood. 
More  water  is  drawn  up  by  them  within  the  same  space  of  lime  than  by 
any  other  natural  device.  The  liquid  appears  to  be  borne  up  the  vortex 
mechanically  as  solid  substances  are  raised  by  whirlwinds,  except  that 
it  is  broken  by  masses  of  air  rushing  into  and  mixing  with  it.  After 
arriving  at  the  top  of  the  spout,  it  is  dispersed  by  lateral  currents  of  wind. 
A  drop  of  water  suspended  from  the  conductor  of  an  electrifying  machine 
is  supposed  to  exhibit  a  mmiature  water  spout.  When  a  vessel  of  water 
is  placed  under  it,  and  the  machine  put  in  operation,  the  drop  assumes 
the  various  appearances  •>f  a  spout  in  its  rise,  form,  and  mode  of  disap- 
pearance. Clouds  act  as  c'sterns  in  holdiiig  water  raised  by  evaporation; 
but  in  water  spouts  they  perform  a  more  singular  f»art,  since  they  are 
moulded  into  visible  pipes,  through  which  volumes  of  liquid  are'conveyed 
as  securely  as  through  those  made  of  solid  materials. 

Although  the  rise  of  sap  in  trees  is  attributed  to  endosmosis,  there  is 
reason  *tc  l  elieve  that  capillary  attraction  takes  part  in  the  process,  an 
well  as  1  *  thousand  other  operations  of  nature.  When  one  end  of  a 
small  glass  tul)e  is  placed  in  water,  the  liquid  rises  within  it ;  and  the 
height  to  wh^ch  it  ascends  in  different  tubes,  is  inversely  as  their  diame 
tens.  The  phenomenon  is  more  or  less  common  to  all  liquids  when  the 
tubes  dipped  in  them  are  made  of  such  materials  as  they  readily  unite 
with.  This  condition  is  necessary,  otherwise  the  liquid  would  be*  de- 
pressed. Water  rises  higher  than  other  liquids  in  glass  tubes ;  and  as 
these  instruments  are  transparent,  they  are  always  adopted  in  experlmenta 
on  this  subject 

The  phenomenon  of  capillarity  has  exorcised  the  ingenuity  and  learn- 
ing of  the  most  eminent  philosophers,  and  various  are  die  causes  to  which 
they  have  attributed  it.  Some  supposed  the  atmospheric  pressure  les9 
within  the  tubes  than  without.  Others  imagined  an  unknown  fluid  cir- 
culating through  them  that  bore  the  l*quid  up ;  and  some  ascribed  it  to 
moisture  on  the  inside  of  the  tubes.  An  attractive  force  existing  between 
the  glass  and  the  water  is  now  more  generally  admitted  ;  and  hence  in 
tubes  of  very  small  bore,  it  is  said,  the  glass  being  nearer  the  water,  at- 
tracts it  more  powerfully,  i.  e.  raises  it  higher— *»th.-  writers  think  the 
effect  is  due  to  electricity.  The  subject  is  admitted  to  be  an  intricate  one, 
and  the  manner  in  which  it  has  been  handled  by  scientific  men,  has  not 
rendered  it  very  accessible  to  ordinary  readers.  Without  looking  for 
ultimate  causes,  the  phenomenon,  like  that  of  an  increased  discharge, 
through  diverging  ajutages,  may  be  traced  to  the  relative  properties  of 
the  li-iuid  and  the  material  of  the  tube,  and  to  the  force  with  which 
particles  of  liquids  cohere  among  themselves. 

Capillary  attraction  is  exhibited  in  a  great  variety  of  forma.  Particles 
of  water,  like  those  of  all  other  liquids,  require  some  force  to  separate 
tkcm.     A  needle  or  film  of  lead  while  dry,  wil    float;  and  myriads  of 
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ffnau  career  on  the  surface  of  a  pond  as  securely  as  on  land.  Some 
hquids  are  viscid,  and  may  be  drawn  into  threads ;  and  even  water  may 
be  stretched  into  sheets  ere  its  substance  be  broken:  bubbles  prouuct'd 
during  rains,  and  those  pellicles  sometimes  formed  over  the  mouths  (»f 
small  vials  and  the  interstices  of  sieves  are  examples.  Water,  moreover, 
in  common  with  other  fluids,  unites  with  some  substances  more  readily 
than  with  others.  It  does  not  combine  with  oils,  nor  adhere  to  su}>stances 
impregnated  with  grease.  Hence  umbrellas  and  water-proof  dresses  are 
made  of  oiled  silk  ;  and  rain  rolls  oiTthe  l>acks  of  ducks  and  other  aquatic 
birds  without  wetting  them,  because  these  fowls  dress  their  feathers  with 
an  unctuous  fluid  which  their  bodies  secrete. 

When  a  vessel  contains  a  liquid  that  readily  unites  with  it,  the  liquid 
stands  highest  at  the  edges.  Thus  in  cups  of  tea  or  tumblers  of  water* 
the  fluid  climbs  up  against  the  sides  until  it  is  considerably  elevated  above 
the  general  level.  I'his  is  observable  with  milk  in  a  pot,  pitch  in  a  caul- 
dron, oil  in  cans,  mercury  in  vessels  lined  with  an  amalgam ;  melted  tin 
in  tinned  iron  or  copper  vessels,  and  fused  brass  in  an  iron  ladle  whoso 
interior  has  been  coated  with  the  alloy,  as  in  the  process  of  hard  soldering. 
If,  on  the  other  hand,  a  liquid  has  -no  aflinity  for,  or  will  not  unite  with 
the  substance  of  which  the  vessel  is  made,  an  effect  the  reverse  is  pro 
duced ;  that  is,  the  liquid  is  depressed  at  the  sides,  as  when  mercury  is 
contained  in  a  vessel  of  glass,  wood,  or  earthen  ware ;  or  even  iii  <  ne  of 
metal  not  lined  with  an  amalgam,  or  with  which  the  mercury  canui .  form 
one.  The  same  thing  occurs  to  fused  brass,  or  lead  or  tin  in  crucihicvs,  to 
water  in  greasy  tubes  or  dishes,  &c 

The  same  thin^,  in  another  form,  occurs  with  drops  of  liquid.  When 
water  is  sprinkled  on  a  greasy  surface,  the  particles  remain  separate  how- 
ever near  to  each  other.  By  blowing  agamst  them,  they  may  be  rolled 
over  the  plate  on  which  they  rest  without  leaving  any  portion  behind  ; 
but  if  the  substance  on  which  they  are  dropped  combine  readily  with 
moisture  their  figure  is  changed ;  each  becomes  flattened  by  spreading, 
so  that  two  adjacent  drops  quickly  run  together.  A  drop  of  oil  or  speck 
of  grease  nakes  a  large  sjuxJ  on  a  lady's  dress  or  a  marble  table.  Quick- 
silver will  not  unite  with  maVble,  but  a  small  portion  dropped  on  a  sheet 
of  tin  will  spread  over  it  like  water  on  damp  paper.  A  portion  of  tin- 
ir^n's  solder  kept  in  fusion  on  clean  plates  of  tin  or  lead  spreads,  and  is 
bbcoTDcd  in  like  manner. '  When  ink  is  spilt  upon  unsized  paper,  the  lat- 
ter is  stained  to  a  considerable  extent :  round  each  drop  a  broad  ring  of 
moisture  is  formed ;  the  darker  and  grosser  particles  remaining  as 
nucleus  m  the  centre. 

Ihe  difTeront  fi0rms  whicli  drops  assume  when  pendent  from  solid 
bodies,  are  governed  by  the  parts  witli  which  they  are  in  contact.  When 
water  is  spimkled  ou  a  f>late  partly  covorcd  with  grease,  those  particles 
that  fail  on  the  clean  ports  resomlilo  very  fmi  ctcgment^  of  spheres,  while 
those  on  tht>  greased  parts  are  largi^r  portions  of  smaller  spheres ;  the 
liquid  in  these  swelling  out  abov#»  the  hasi;  on  which  *h»*y  rest,  in  pre 
ference  to  extending  itself  like  the  others  upon  it  A  .t.^op  hanging  from 
the  point  of  a  wire  is  elongated  vordcallv -—if  held  between  the  finger 
and  thumb,  it  may  be  stretched  out  horizor.ta/iy.  If  suspended  in  a  ring, 
^:s  upper  surface  becomes  hollow  end  its  low^r  one  convex,  forming  a 
species  of  liquid  cup,  and  supported  somewhat  like  the  dishes  which  che- 
mists hang  over  lamps  in  moveable  rings  of  brass.  A  drop  of  liquid  in  a 
capillary  tube  is  thus  supported  ;  the  tube  being  nothing  more  than  a 
deep  ring 

The  quantity  of  liquid  contained  in  pendent  drops  varies  with  the 
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extent  of  surface  in  contact  with  the  supporting  body.  When  one  is  ready 
to  fall  from  an  inclined  object,  as  the  bottom  of  a  bucket  or  a  tea  cup,  it 
niay  be  retained  by  making  the  bottom  approach  nearer  to  a  level ;  the 
fluid  then  spreads  and  holds  by  a  larger  surface.  This  is  illustrated  in 
the  case  of  metals :  tin-plate  workers  commonly  take  up  solder  on  the 
fkce  of  their  irons.  The  under  sides  of  these  instruments  are  tinned, 
and  being  placed  upon  the  metal,  a  larger  or  smaller  portion  is  mel^evi 
and  borne  off  at  pleasure.  An  equal  quantity  of  water  may  probably  be 
thus  suspended  from  a  plane  surface,  as  within  a  cylinder  of  the  san.e 
area. 

Numerous  facts  show,  that  when  not  pulled  down  by  gravity,  liquids 
diffuse  themselves  uniformly  on  substances  with  which  they  combine — as 
much  upwards  as  downwards.     Small  drops  of  water  or  ink  dashed 
against  vertical   sheets  of  paper   equally  extend   themselves   from   the 
centre.     We  are  so  much  in  the  habit  of  contemplating  fluids  in  masses, 
where  gravitation  greatly  preponderates,  that  we  overlook  this  property 
in  them,  or  do  not  suspect  its  existence.     The  observation   that  water 
never  runs  "  up  hill"  is  proverbial,  but  it  is  not  correct.    Examples  might 
be  quoted,  in  which  it  prefers  to  ascend  an  inclined  plane  to  going  down 
one — to  rise  in  a  wet  channel,  than  descend  in  a  dry  one.     Take  a  dry 
piece  of  glass,  or  china,  the  blade  of  a  knife,  or  the  bottom  of  a  saucer,  or 
almost  any  solid  material,  and  dampen  or  slightly  wet  a  part  of  it :  plac9 
a  drop  of  ink  or  water  near  the  edge  of  the  wetted  part,  then  incline  the 
saucer  so  that  the  dr,op  may  be  beneath,  and  make  a  channel  of  com 
munication  between  them,  by  dravring  with  a  pointed  instrument  a  smal 
fttreak  of  fluid  from  one  to  the  other.     The  instant  this  is  done,  a  cur 
rent  will  set  up  with  considerable  velocity  from  the  drop  into  *:he  thin 
^heet  above. 

This  effect  takes  place  on  wood  and  on  metals,  and  even  paper.  Pen- 
men, who  have  their  paper  inclined  towards  them  often  witness  the 
experiment  in  another  form,  especially  when  they  make  the  bottom  of 
their  strokes  thicker  than  the  rest.  The  ink  may  then  be  seen  to  ascend 
from  the  bottom  upon  the  removal  of  the  pen.  This  takes  place  if  the 
paper  be  held  vertically.  Again,  when  a  large  drop  of  ink  falls  on  a 
book,  it  is  cgstomary  to  shake  out  that  which  remains  in  the  pen,  and  to 
place  the  latter  over  the  drop  as  in  the  act  of  writing ;  upon  which  a  largo 
portion  of  the  liquid  enters  the  quill.  This  is  then  shaken,  and  the  opt^ra- 
tion  renewed.  Here  the  principle  of  distribution  again  appears.  There 
is  a  surplus  below,  and  a  deficiency  (or  less  depth  of  it)  above,  and  the 
liouid  ascends  to  produce  an  equilibrium.  Were  the  pen  fully  charged 
with  ink  before  applied  to  the  drop,  it  could  take  none  from  the  latter. 

Other  examples  of  the  ascent  of  liquids,  and  even  of  solids  against 
gravity  are  familiar  to  some  classes  of  mechanics,  but  not  to  all.  When 
two  sheets  of  tin  plate  are  soldered  together  in  an  inclined  position,  small 
pieces  of  solder  laid  near  the  lower  edge  of  the  joint  arc  drawn  up  under 
the  face  of  the  iron  as  soon  as  the  fused  mass  touches  them.  Illustrations 
of  this  occur  in  whatever  position  the  joint  may  be.  They  are  still  more 
common  in  Tiard  soldering,  for  copper  and  silversmiths  commonly  charge 
their  joints  on  the  outside,  so  that  the  solder  is  below  or  next  to  the  fire 
when  fused. 

These  experiments  are  all  Lased  on  the  same  principles  as  the  ascent 
of  water  in  capillary  tubes.  We  see  that  when  a  mass  of  liquid  (wholly 
resting  on  a  plane  surface  or  enclosed  in  a  cylinder)  is  connected  by*  a 
short  channel  to  a  thin  sheet  of  the  same  substance  above,  a  part  of  the 
mass  below  will  ascend.     The  channel  it  should  be  remembered  is  a  fluid 
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one,  for  neither  water  nor  any  other  liquid  will  thus  rise  except  in  channels 
of  the  same  substance  as  themselves.  The  effect  does  not  tiierefore  appear 
to  be  due  wholly  to  the  material  that  sustains  the  lit|uid,  but,  to  some  ex- 
tent, to  that  force  by  which  particles  of  matter  congregate  with  their  kind 
in  preference  to  mingling  with  others.  The  aqueous  vapor  floating  in  the 
atmosplTcre  moistens  more  or  less  the  surfaces  of  ail  bodies.  Glass  tubes 
are  coated  with  it;  but  if  a  capillary  tube  previous  to  its  use  was  not  thus 
prepared,  it  becomes  so  the  instant  one  end  is  immersed  in  water — a 
stream  of  vapor  (though  not  obvious  to  sight)  then  passes  through  it :  the 
whole  interior  is  thus  coated  with  aqueous  moleculsB  accumulating  upon 
it  at  insensible  distances  from  each  other,  and  those  adjacent  to  the  surface 
of  the  liquid  operate  to  solicit  its  ascent  through  the  channel  thus  prepared 
fur  it.  The  ascent  of  vapor  under  these  circumstances  is  unlimited,  but 
that  of  a  liquid  column  is  soon  arrested.  This  however  does  not  prove  that 
the  force  excited  is  insuiBcient  to  raise  liquids  to  great  elevations,  but  that 
it  is  the  volume  which  determines  the  height.  If  the  quantity  be  indefi- 
nitely small  it  will  be  raised  indefinitely  high.  Experiments  so  far  as 
they  have  been  made  prove  this  ;  but  as  the  finest  of  artificial  tubes  are, 
when  compared  to  nature's,  as  a  mast  is  to  a  needle  or  a  cable  to  a  thread, 
the  ascent  of  liquids  in  thuin  must  iiecessanly  be  very  limited.  As  long 
as  the  liquid  column  can  be  sustained  by  adhesion  to  t'hc  sides  of  a  tube 
it  will '  rtse,  but  when  the  weight  of  the  central  parts  (which  not  being 
attached  to  the  tube  are  sustained  by  cohesion  alone)  exceeds  this  force, 
the  ascent  ceases. 

The  force  with  which  particles  of  some  fluids  cohere  is  so  energetic 
that  they  present  the  singular  spectacle  of  liquid  rods,  pendent  like  icicles 
or  stalactites.  When  one  of  these  rods  is  broken  an  interesting  contest 
oetween  gravitation  and  cohesion  takes  place,  during  which  the  figure  of 
the  pendent  changes  as  one  or  the  other  of  those  forces  prevails :  it 
becomes  longer  while  the  first  predominates,  shorter  when  the  latter 
controls  and  stationary  when  both  are  balanced.  These  phenomena  may 
be  observed  by  letting  a  drop  of  molasses  fall  from  the  point  of  a  knife 
or  a  spoon.  The  globule  descends  to  a  considerable  distance  before  it  is 
wholly  separated  from  the  portion  above,  because  a  rod  of  the  liquid 
continues  to  be  formed  that  unites  them.  When  this  rod  breaks,  the  part 
suspended  from  the  mass  above  is  drawn  up :  a  thread  over  a  foot  in  length 
is  sometimes  thus  contracted  to  less  than  \  of  an  inch,  strongly  remind 
ing  one  of  the  elasticity  of  caoutchouc. 

Water  rises  to  considerable  heights  through  sand  and  other  porous 
bodies — ^also  through  rags  and  threaas  of  cotton,  &c.  Oil  ascends  in  the 
wicks  of  lamps.  Capillary  siphons  formed  of  cotton  wick  are  employed 
to  supply  oil  to  the  journals  and  wo'\ing  parts  of  machinery.  It  is  cus- 
tomary with  stereotype  founders  to  oil  the  faces  of  engraved  wooden  blocks 
previous  to  taking  casts  from  them.  These  blocks  are  of  box,  a  species 
of  wood  whose  texture  is  exceedingly  close.  We  have  often  placed  some 
of  those  used  in  the  illustration  of  this  work  on  receiving  them  from  the 
engraver,  into  a  dish  containing  oil  to  the  depth  of  4-  inch,  and  have  wit- 
nessed the  appearance  of  the  liquid  at  the  top  within  half  a  minute,  and 
frequently  in  a  quarter  of  one.  Unlike  water  in  glass  tubes,  the  oil  here 
rises  entirely  out  of  the  tubes  in  the  wood  and  collects  in  globules  over  the 
orifices. 

From  the  infinite  variety  and  importance  of  devices  for  raising  liquids 
that  are  at  work  in  the  animal  and  vegetable  kingdoms  and  in  general 
nature,  the  wisdom  displayed  in  their  formation  and  movements,  and  their 
wonderful  effects,  it  would  seem  as  if  the  Creator  designed  particularly 
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CO  call  raan*s  attention  to  thti  deparonent  ot  knowUdge,  and  to  i&J  job 
him  to  cultivate  iL 

Sources  of  hydraulic  contrivances  and  of  mechanical  movemertu  are 
endlesa  in  nature ;  and  if  machinists  would  but  study  in  her  school,  Aa 
would  lead  them  to  the  adoption  of  the  bes*^  principles,  and  the  most 
uitable  modifications  of  them  in  every  possible  contingency. 


CHAPTER    VI. 


Sipno!<»~3Iode  of  cbsryiof  them— Prinoiph  on  whieh  their  action  depends— Coheaioii  of  ligntde  ■ 
Siphon*  act  in  vacno— Variety  of  sipbona— 'Their  antiquity — Of  Eastern  origin—Portrayed  in  the  tonbe 
at  TIicImw — ^Mixed  wines— Siphon*  in  ancient  Egyptian  kitchens— Probably  used  at  the  feast  at  Cann — 
Their  application  by  old  jugglers — Siphons  from  Heron's  Spiritali»— Tricks  with  liquids  of  different 
specific  gravities — Fresh  water  dipped  At»Ri  the  surface  of  the  sea- Figures  of  Tantalus'  cupa— Trickl 
•fold  publicans— Hagic  pitcher — Goblet  for  unwelcome  risiters-^Tartar  necromancy  with  cttp^-Romaa 
baths— Siphons  used  by  the  ancients  for  tasting  wine— Siphons,  A.  D  151 1— Figures  of  modern  siphooa* 
Sacking  tube— Valve  siphoB-~Tin  plate— Wirtemburg  siphon — Argaud's  siphon— Chemists' siphoae 
Siphons  by  the  author — Water  conveyed  over  extensive  grotinds  by  si plions— Limit  of  the  appUcatioa 
ef  siphons  known  to  ancient  Pluml>er>— Error  of  Porta  and  other  writers  respecting  siphon»-»Decaa»- 
Siphons  for  discharging  liquids  at  the  bend— Ram  siphon. 

The  tiphoHf  or  as  it  is  sometimes  named  the  crime,  is  in  its  simplest 
form  merely  a  tul)e  bent  so  as  to  resemble  an  inverted  letter  U  or  V;  and 
is  employed  to  transfer  liquids  from  one  level  to  a  lower  one,  in  circum- 
stances where  natural  or  artificial  obstructions  prevent  a  straight  pipe 
from  being  used  ;  as  when  rocks  or  rising  grounds  intervene  between  a 
spring  and  the  place  where  the  water  is  required,  or  when  the  contents 
of  casks  and  other  vessels  are  to  be  withdrawn  without  making  openings 
for  the  purpose  in  their  bottom  or  sides.  Thus  farmers  occasionally  have 
water  con /eyed  over  hills  to  supply  their  barn-yards  and  dwellings  ;  and 
pi)rtable  siphons  are  in  constant  retjuisition  with  oil  and  liquor  merchants, 
chemists  and  distillers.  The  two  branches  of  a  tube  that  constitute  a 
siphon  are  commonly  of  unequal  lengths,  and  named  les^j  ;  the  "  short"  or 
receiving  leg,  and  the  **  long"  or  discharging  one.  The  highest  part  where 
the  legs  are  united  is  known  as  the  apex  ur  bend. 

As  liquids  are  raised  in  siphons  by  atmospheric  pressure,  the  perpen- 
dicular length  of  the  short  leg,  like  the  suction  pipe  of  a  pump,  should 
never  exceed  25  or  2S  feet.  To  put  siphons  in  operation,  the  air  within 
them  must  be  Hrst  expelled.  Small  ones  are  sometimes  inverted  and 
filled  with  a  portion  of  the  fluid  to  be  decanted,  but  more  frequently  thp 
lic]uid  is  drawn  through  the  tube  by  sucking.  Other  devices  for  charging 
them  will  be  noticed  farther  on. 

The  action  of  a  siphon  does  not  depend  upon  any  inequality  if  atmo- 
spheric pressure,  as  some  writers  on  natural  philosophy  have  inaitrertently 
intimated.  In  one  popular  work^  it  is  said,  '*  the  pressure  of  the  air  is 
more  diminished  ;"  and  in  anotner,  more  **  weakened  or  abated"  over  the 
discharging  than  over  the  receiving  orifice ;  whereas,  philosophically- 
speaking,  the  reverse  is  the  fact :  for  as  the  discharging  end  is  nearer  the 
earthy  a  deeper  an  i  consequently  heavier  column  of  atmosphere  rests  over 
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\i  than  over  the-  other.  Nor  does  the  effect  depend  upon  any  difference 
ti:  the  actual  lengths  c^  :4e  legs,  for  they  are  often  in  this  respect  the 
same ;  and  sometimes  the  receiving  one  is  much  longer  (in  an  obiiquo 
direction)  than  the  otht.^— not  yet  does  their  comparative  diameters  con« 
tribute  to  the  results ;  lor  the  short  one  may  be  much  more  capacious 
than  the  long  one.  It  is  the  difference  in  the  perpendicular  length  of  the 
^*qMid  colmmm  within  the  legs  tliat  causes  a  siphon  to  act :  the  column  in  the 

discharging  leg  must  exceed  in  this  respect  that  contained 
in  the   receiving  one,  or  no  action  can  take  place.     By 
examining  the  figure  in  the  margin,  it  will  be  perceived 
that  the  column  in  the  receiving  leg  extends  only  from  the 
surface  of  the  liquid  in  the  vessel  to  the  bend,  whereas  in 
the  other  it  extends  from  the  bend  to  the  orifice.     As  the 
pressure  of  fluids  is  as  their  depth  without  regard  to  their 
volume,  the  hydrostatic  equilibrium  of  the  two  columns  it 
V  destroyed,  when  the  longer  one  necessarily  preponderates, 
u  upon  which  the  vacuity  left  in  the  upper  part  of  the  tube 
I  is  filled,  by  the  atmosphere  driving  fresh  portions  up  the 
Ha  234.         other  leg. 

But  siphons  could  not  act  at  all  were  it  not  for  that 
property  of  fluids  by  which  their  particles  cling  to  each  other.  The  tena- 
city of  liquids  may  be  considered  like  that  of  solids,  only  less  intense ; 
and  thus  it  is  when  water  flows  through  a  siphon,  the  descending  particle* 
actually  drag  down  those  above  them,  somewhat  like  a  chain  or  rope 
une(]Uu,lly  sus^nded  over  a  pulley,  when  the  longer  end  pulls  the  shorter 
one  after  it  A  siphon  is  in  fact  a  contrivance  by  which  liquid  chains  or 
ropes  are  thus  made  to  act.  But  for  the  cohesion  of  liquids  the  contents 
of  the  discharging  leg  would  dr(»p  out  like  sand,  and  no  funher  effect 
would  follow — the  rope  would  be  broken,  and  the  separated  parts  fall 
asur.der.  The  influence  of  cohesion  in  the  action  of  siphons  is  proved  by 
'.he  fn ct  that  very  short  ones  continue  to  operate  when  removed  into  & 

The  tenacity,  or  what  might  almost  he  called  the  malleability  of  liquids, 
is  beautifully  exemplified  in  soap  bubbles.  These  yield  to  impressions 
without  breaking.  They  fall  on  and  rebound  from  the  floor  like  bladders 
or  balls  of  india  rubber.  They  shake  in  the  wind,  and  their  figures  be- 
come  altered  like  that  of  balloons  tossed  to  and  fro  in  the  air :  all  this  they 
often  endure  before  their  shells  are  broken  by  evaporation. 

Siplions  are  exceedingly  diversified  in  their  forms,  materials  and  uses. 
They  are  made  of  cylindrical  and  other  shaped  tubes,  and  both  of  uniform 
and  irregular  bore.  The  legs  of  some  are  parallel,  while  in  others  they 
meet  at  every  angle — sometimes  straight  and  often  crooked — one  may  be 
larger  than  the  other,  or  l)oth  may  be  alike  ;  they  also  may  be  separate, 
one  loosely  slipping  into  or  over  the  other.  Instead  of  tubes  siphons  are 
sometimes  formed  by  an  arrangement  of  plates,  and  also  by  a  combination 
of  vases.  This  plastic  property  has  occasioned  their  concealment  in  more 
various  forms  than  Proteus  ever  assumed.  Siphons  are  made  of  tin,  cop- 
per, iron,  silver,  glass,  lead,  earthenware,  leather,  wood,  canes ;  and 
(ca}>iriary  ones)  of  paper,  strips  of  cloth,  threads  of  cotton,  &c.  Examples 
of  their  various  forms  and  applications  will  be  found  noticed  in  the  follow- 
ing hisjtorical  sketch. 

The  origin  of  siphons  like  that  of  pumps  is  lost  in  antiquity.     Seme 

*  For  infdrination  on  the  action  of  xiphons  in  vacuo,  see  Boyle's  Wc7k.*<.  by  dhaw 
vol.  ii.  44G.  llifltorv  and  Memoirs  of  the  French  Academy,  transla*ed  by  Martin  and 
Chambera,  vr'  iv  iTi :  and  DeM^uiieis  Kxper.  Philos.  vol.  ii.  166. 
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writers  of  the  last  century  attribated  tliem  to  Ctesibips,  (see  pag«  268,) 
because  they  were  used  in  some  oi  his  water-clocks,  and  no  earlier  appli- 
cation of  them  was  then  known.  For  the  same  reason  the  inveiitior«  af 
toothed  wheels  has  been  erroneously  ascribed  to  him.  All  the  uifbrroa- 
tion  extant  respecting  the  ancient  nations  of  the  East  is  exceedingly 
limited,  while  of  their  arts  and  details  of  their  mechanism  we  know  next 
to  nothing.  The  greater  part  of  our  ordinary  machines  cannot  be  traceci 
to  a-higher  source  than  Greece,  but  Greece  itself  was  colonized  by  Eeyp- 
tians ;  and  however  much  the  children  of  Cadmus  may  have  refined  on 
some  departments  of  the  useful  arts,  the  general  mechanism  of  their 
ancestors  is  believed  to  have  passed  through  their  hands  to  those  of  tk<4 
Romans,  and  from  the  latter  to  us  with  little  alteration.  This  was  cer- 
tainly the  case  with  their  hydraulic  and  hydro-pneumatic  devices.  The 
siphon  is  an  example.  The  name  of  this  instrument  is  taken  from  a  Greek 
word,  which  signifies  simply  a  tube  ;  but  it  has  been  ascertained  thac  the 
word  is  of  a  remoter — ol  an  oriental  origin,  being  derived  from  tiph  or 
sif,  to  imbibe  or  draw  up  with  the  breath,  and  whence  comes,  our  expres- 
sion to  np.  Now  if  it  can  be  proved  that  the  siphon  was  in  use,  and  was 
charged  by  sucking  before  the  times  of  Grecian  history,  we  may  safely 
conclude  that  a  more  ancient  people  furnished  the  Greeks  with  both  the 
instrument  and  its  name. 

The  researches  of  Rosellini  and  Wilkinson  have  settled  this  point. 
These  gentlemen  have  brought  to  light  irresistible  evidence  that  siphons 
were  used  in  Egypt  at  least  as  early  as  1450  years  before  Christ.  In  a 
tomb  at  Thebes,  which  bears  the  name  of  Amunoph  II,  who  reigned  at 
the  period  just  named,  they  are  delineated,  and  in  a  manner  too  distinct 
to  admit  of  any  doubts.  See  No.  235.  Several  jars  are  represented 
upon  a  frame  or  stand.  Into  three  of  them  siphons  are  inserted  ;  two 
apparently  in  operation,  and  a  man  is  in  the  act  of  charging  the  other  by 
sucking  :  the  contents  of  the  jars  being  transferred  into  a  large  vase  sup- 
ported upon  an  ornamental  stand. 


Tuntr* 


No.  33S.    Egyptian  liphoiu,  14S0,  &  C. 


NaSML 


Mr.  Wilkinson  supposes  that  siphons  were  invented  in  Egypt,  and  v^ere 
used  to  decant  the  Nile  water  from  one  vessel  to  another.  He  says  it  is 
necessary  to  let  this  water  stand  for  some  time  before  being  used,  that  the 
mud  suspended  in  it  may  settle  to  the  bottom.  On  this  account  vases 
containing  it  cannot  be  moved  without  rendering  it  again  turbid,  and  the 
same  elFsct  is  produced  by  dipping ;  hence  the  use  of  siphons.     The  coi> 
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jecture  may  be  correct,  but  it  does  not  fierive  much  support  from  Ow 
cse  of  those  instruments  figured  at  No.  235 ;  for  unless  there  was  somjj 
contrivance  to  prevent  the  ends  of  the  siphons  from  going  too  near  tbf? 
bottom  of  the  jars,  scarcely  any  thing  would  more  effectually  disturb  and 
draw  off  the  sediment  with  the  water.  The  tubes  were  obviously  of 
some  flexible  material,  and  from  the  manner  in  which  they  are  held,  it 
would  be  impossible  for  the  person  using  them  to  regulate  by  hand  the 
deptii  to  which  the  short  legs  were  immersed.  Moreover,  another  indi- 
vidual (omitted  in  our  illustration)  is  represented  pouring  a  liquid  into 
one  of  the  jars,  an  operation  that  would  effectually  disturb  the  sediment. 

Instead  of  water,  jars  so  small  probably  contained  wines,  and  the  artist 
designed  to  exhibit  t\e  nrode  o^  7nixi7tg  them  ;  a  common  practice  of  old, 
and  one  referred  to  ir.  several  parts  of  the  scriptures.  The  Egyptians 
were  much  given  to  luxurious  living,  and  especially  with  regard  to  wine, 
a  fact  which  the  sculptures  corroborate,  for  scenes  of  gross  excess,  and  in 
females  too,  are  portrayed.  The  Jews  we  know  carried  with  them  into 
Palestine  not  only  the  arts  but  many  of  the  worst  habits  of  the  Egyptians, 
and  the  excessive  indulgence  of  mixed  wines  was  one.  .''Woe  unto  them 
f^hat  are  mighty  to  drink  wine,  and  men  of  strength  to  mingle  strong 
drink."  Isaiah  v,  22.  "  She  hath  mingled  her  wine,  she  hath  also  furnished 
her  table."  Prov.  ix,  2.  **  They  that  tarry  long  at  the  wine,  they  that 
go  to  seek  mixed  wine."     Ibid  xxiii,  30. 

Other  examples  of  the  early  use  of  siphons  are  met  with.  In  the  tomb 
of  Remeses  III.  who  flourished  1235  B.  C,  is  a  representation  of  an 
Egyptian  kitchen,  with  the  various  operations  of  slaying  animals,  cutting 
up  the  joints  and  preparing  them  for  cooking — kneading  dough  with  the 
feet,  and  paste  with  the  hands — making  cakes  and  confectionary,  &c. — 
Of  kitchen  furniture,  there  are  tables,  jars,  plates,  cauldrons,  bellows, 
ovens,  molds,  pestle  and  mortar,  knives,  baskets,  &c.,  and  suspended 
on  ropes  or  rods,^  a  number  of  siphons ;  showing  evidently  that  those 
ii.stfiments  were  in  constant  requisition.  See  No.  236.  These  were 
prc.bibly  adapted  for  jars  of  certain  depths,  unlike  those  in  the  preceding 
figure,  which  seem  to  have  been  appropriated  to  different  sized  vessels, 
and  their  shape  altered  as  occasions  might  require. 

How  singular  that  these  philosophical  instruments  should  have  been 
more  common  before  the  siege  of  Troy  than  at  the  present  day !  And 
how  precious  are  those  monumental  records  that  have  preserved  this  and 
other  facts  of  the  kind  ! 

The  circumstance  of  siphons  having  been  used  in  Egypt  at  so  early  a 
period  may  be  deemed  conclusive  that  other  nations  were  not  ignorant  of 
th3m.  With  Egypt,  all  the  famous  people  of  antiquity  maintained  an 
intercourse ;  and  enterprising  men  flocked  from  all  parts  to  acquire  a 
knowledge  of  the  arts  and  sciences  that  were  cultivated  on  the  banks  of 
the  Nile.  Their  neighbours,  the  Jews,  as  a  matter  of  course,  were  ac- 
Guainted  with  siphons,  and  there  is  probably  a  reference  to  them  in  John 
ii  "  Jesus  saith  unto  them,  fill  the  water  pots  with  water.  And  they 
filled  them  to  the  brim.  And  he  said  unto  them,  draw  out  now  and  bear 
unto  the  governor  of  the  feast,  and  they  bare  it."  How  did  they  drau 
this  liquid  ?  Certainly  not  by  inclining  the  jars  and  pouring  it  out;  nor 
yet  does  it  appear  to  have  been  done  by  dipping :  for  as  the  large  pots 
were  rilled  to  the  very  brim,  this  would  have  caused  the  liquid  to  over- 
flow. It  is  more  reasonable  to  suppose  that  small  siphons  were  used  on 
the  occasion,  and  that  they  were  charged  by  sucking,  as  represented  in 
N  J.  235.  This  and  this  only  clearly  accounts  for  the  fact  that  those  who 
drew  tlie  liquid  were  first  aware,  as  they  must  have  been,  of  the  change  it 
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had  nndRTgone.  This  change  does  not  seem  to  have  affected  the  color, 
for  not  till  be  Vutrd  of  it  was  ibe  pre*iiling  officer  himself  sensible  of  its 
being  wine.  "  When  ihe  ruter  of  the  feasl  haiJ  UuUd  the  water  tfait  waa 
maJe  wine,"  he  "  knew  nut  whence  it  was,  but  the  aervaots  that  dre^r  the 
water  knew." 

No.  <!3d  probably  was  designed  to  represeot  one  of  Pharaoh's  bc'.Vr* 
engaged  in  that  part  of  his  duty  which  required  him  to  draw  and  ci.'x  uie 
king's  drink.  Such  officers  furmcil  part  of  large  establish rncnts  BTni^n^ 
the  ancients,  and  so  they  do  in  modern  times.  Switzer,  speaking  of  •'naU 
siphons  observes,  "  the  insinuation  of  air  is  such  that  wine  will  not  alwayi 
keep  on  its  regular  aacent,  without  the  bmtier  puts  bis  mouth  aometiiiies  to 

One  of  the  modes  by  which  Ctesibius  applied  sif^on*  to  depjydrse, 
will  be  found  figured  in  a  subsequent  chapter. 

Were  the  old  philosophers  of  Egypt  acijuainted  with  the  principle  on 
which  the  siphon  acts  I  Doubtlesd  they  were,  else  they  could  never  havs 
diversilied  its  form  and  adapted  it  with  such  admirable  ingenuity  to  the 
great  variety  of  purposes  both  open  and  concealed,  which  we  know  they 
did.  In  connec^on  with  hydromancy  ic  was  made  to  play  an  important 
part.  Magical  goblets  were  often  nothing  else  than  modiiications  of  siphons; 
and  from  the  Spiritalia  we  learn  that  they  formed  the  basis  of  more  com- 
plex and  imposing  apparatus.  The  tricks  connected  with  the  glass  tomb 
of  Belus,  and  the  miraculous  vases  in  the  temple  of  Bacchus  probably 
depended  upon  siphons  ;  and  most  writers  on  the  vocal  statue  of  Memnon 
have  introduced  them  as  essential  parts  of  the  supposed  machmery  ;  imi- 
tating in  this  respect  the  apparatus  described  by  Heron  for  producing 
mysterious  sounds  from  the  figures  of  men.  birds,  &c. 

Heron  is  mow  diffuse  on  the  sulgecl  of  siphons  than  any  other  writer. 
Upwards  of  twenty  problems  in  his  Spiritalia  relate  lo  or  are  illuslrraied 
by  them  ;  and  from  him  we  learn  that  these  instruments  were  in  his  time 
employed  on  a  large  scale  in  draining  and  irrigating  land,  viz.  by  transfer- 
ring water  over  hills  from  one  valley  to  another.  This  use  of  the  siphon 
was  probably  quite  as  common  under  the  Pharaohs  as  under  the  Ptolemies; 
for  Heron  does  not  intimate  that  it  wa«  novel  in  his  time  any  more  than 
■     '  It  itself. 


The  above  figures  are  illustrations  of  the  first,  second,  third,  and  thirtieth 
problem*  of  Heron's  work 
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No.  237  (tbc  first  figure  in  the  Spiritalia)  represents  an  ordinary  siphon 
resting  over  the  handle  of  a  vase,  >vithiu  which  the  short  leg  Is  insertecL 
This  instrument  was  charged  b^'  sucking,  as  the  more  ancient  ones  in  the 
lap*"  cut. 

No.  23b  exhibits  another  form  of  the  siphon,  consisting  of  two  straight 
and  separate  tubes,  the  smaller  one  of  which  is  inserted  through  the  bot- 
tom of  the  covered  vase,  and  reaches  as  high  within  it  as  the  liquid  is 
required  to  stand  Over  this  tube  another  one  is  slipped  whose  upper 
end  is  closed  air-tight.  Hence  it  is  obvious  that  when  the  liquid  is  higher 
than  the  orifice  of  the  inner  tube  which  forms  the  long  leg,  it  will  ascend 
between  the  tubcc  and  continue  to  be  discharged  as  in  the  common  siphon, 
until  the  surface  descends  below  the  lower  end  of  the  outer  tube,  or  short 
leg.  Here  the  liquid  is  discharged  from  the  bottom  of  the  vessel,  not 
over  its  rim  as  in  the  preceding  figure.  The  siphon  admits  of  a  great 
variety  of  modifications,  some  of  which  in  the  hands  of  ancient  jugglers 
contributed  not  a  little  to  ama?.e  the  ignorant.  The  contents  of  the  large 
vases,  often  permanently  fixed  in  temples,  could  and  doubtless  often  were 
secretly  emptied  by  contrivances  of  this  kind  ;  the  siphons  of  course  being 
concealed  in  the  ornaments,  handles,  or  other  adjuncts.  The  six  vessels 
of  wine  placed  daily  in  the  temple  of  Bel,  which  the  priests  clandestinely 
em^'tied  every  night,  might  have  bsen  more  neatly  robl>ed  of  their  content! 
by  concealed  siphons,  than  by  entering  through  a  secret  passage  under  the 
jjtar  i  but  as  the  abstraction  of  the  more  solid  food  which  the  priests  pre- 
tended was  consumed  every  day  by  the  brazen  deity,  (forty  sheep  and 
twelve  measures  of  floor,)  required  some  contrivance  like  the  latter ;  the 
vases  were  emptied  at  the  same  time.  [Story  of  Bel  and  the  Dragon.] 
The  romantic  account  by  Herodotus  of  the  robbery  of  Rhampsinitus'  trea- 
sury, sflows  to  what  extent  the  system  of  secret  passages  was  carried,  and 
ihe  ingenuity  with  which  they  were  made  and  concealed. 

The  velocity  with  which  water  flows  from  an  ordinary  siphon  necessarily 
diminishes  as  the  surface  in  the  reservoir  falls.  In  some  cases  a  uniform 
discharge  is  desirable.  No.  239  shows  how  ancient  engineers  accomplished 
this.  A  float  or  hollow  dish  was  attached  to  the  end  of  the  short  leg,  so 
that  the  instrument  descended  with  the  water.  The  long  leg  was  passed 
loosely  through  two  openings  in  projecting  pieces  that  preserved  it  in  the 
proper  position. 

The  difference  in  the  specific  gravity  of  liquids  was  a  fruitful  source 
of  deception.  Many  capital  tricks  were  basea  upon  it,  especially  when 
the  lighter  fluids  employed  were  of  the  same  color  as  those  on  which  they 
reposed.  If  for  example,  a  vessel  containad  oil,  wine  and  water,  these 
liquids  oould  be  discharged  by  a  siphon  like  No.  239  in  the  same  order; 
and  by  secretly  raising  or  lowering  an  ordinary  one,  or  the  moveable  tube 
in  No.  238,  any  one  liquid  could  be  drawn  off.  Fresh  water  being  lighter 
than  salt  is  oftcr.  found  some  distance  at  sea;  and  sailors,  like  old  jugglers, 
can  draw  up  either,  according  to  the  depth  to  which  their  buckets  are 
imniersec.  Four  miles  from  the  mojtn  of  the  Mississippi  the  fresh  water 
1.  about  two  feet  deep,  and  at  ten  miles  it  may  be  obtained  by  careful 
dipping. 

in  problem  XXX  of  the  Spiritalia,  Heron  shows  how  siphons  may  be 
concealed  within  the  fi^fures  of  oxen  or  other  animals  in  the  act  of  dnnk- 
mg  •  the  orifice  of  the  short  leg  being  at  the  mouth,  and  that  of  the  long 
one  in  one  of  the  feet  ^ee  No.  240.  When  the  bore  of  the  siphon  is 
properly  adjusted  to  the  quaniity  of  watei^  ^ow  r.g  *xAm  a  basin,  the  anima] 
will  dp|iear  to  drink  the  whole. 


aO  Tantalkt'  Cupt— Vatic  Pitcher*,  [Bowk  \ 

Tiie  rotiowing  repri>Mnca  number  of  Tmitaltia'  cupa,  rnogic  gnbleu,  &a 
In  No.  2J1.  ihe  long  leg  of  the  siphon  p^s^t.  through  the  buctom  of  ths 
vessel,  and  the  short  one  remains  iouve  ;  so  that  when  the  liquid  riseii 
»ver  the  beDil,  it  will  be  discharged  bj-  tfie  siphon  into  the  ctvity  belo  V. 


Devices  of  this  kind  admit  of  numerous  inodificationa  by  which  the  tube 
may  be  concealed.  When  it  is  enclosed  within  the  figure  of  a  man,  (the 
water  entering  at  one  foot  slightly  raised,  and  passing  out  through  the 
other,)  the  vessel  is  named  a  Tanlalia'  cup,  and  the  lifjmd  instead  of  enter- 
ing the  mouth,  as  in  No.  340,  only  rises  to  the  chin,  and  then  runs  away — 
illustrating  the  classical  fable,  which  represeni*  Tantalus  suffering  the 
tortures  of  thirst  in  the  midst  of  water  that  reached  to  hia  lips,  Init  which 
on  hia  attempting  to  taste  sunk  below  his  reach  ;  hence  the  origin  of  our 
word  tOMialise,  and  its  relatives. 


Neit,  suffering  jric 

Tnatalna  :  in  ■  pool  he  iiood,  Wm  chin 

Wuh'd  by  Ihe  wave ;  IhlriL  parch'd  he  leeio'd,  but  fouiu! 

Nought  to  snitBge  hia  thint;  Tar  nthen  he  how'd 

Hh  hosry  head,  ardeni  tn  (jnalf.  lh«  flood 

Vaauh'd  abxorb'd,  and  at  hia  fGct,  adfut 

The  aoil  sppear'd,  dried  inaUiDt,  by  Iba  godi. 

Udy*.  II.    Cffwpcr. 

It  is  supposed  the  fable  waa  intended  to  illustrate  the  influence  ofavS' 
rice,  by  which  misers  in  the  midst  of  plenty  often  deny  themselves  the 
necessaries  and  comforts  of  life. 

Sometimes  the  tiJa  and  hot'-om  of  Tantalus*  caps  are  mada  hollow  and 
the  siphon  formed  within  them.  No.  S4S  is  one  of  these,  An  examina- 
tioD  of  it  will  •utH  liently  explain  the  construction.  A  small  opening  near 
the  bottom  'which  may  easily  be  concealed)  communicates  with  a  pRssoge 
formed  by  a  partition,  above  the  top  of  which  the  liqi>id  must  rise  before 
it  can  pass  Iowa  the  other  side  into  the  base  of  the  cup. 

In  No.  213  the  siphon  is  fortned  within  the  handle.  The  short  leg 
coinmuni:»tes  with  the  lov/er  part  of  the  cup  at  the  swell,  so  as  not  euily 
to  be  detected,  and  the  long  one  with  the  cavity  formed  below.  Th,i 
figure  represents  a  Tantalus'  r  .^i  in  our  possession. 

A  liquid  is  retained  in  one  of  these  as  in  an  ordinary  gnblet,  SO  long  u 
the  surface  does  not  reach  above  the  behest  part  of  the  siphon  ;  but  if 
the  cup  be  once  incliied  so  as  to  set  the  latter  in  operation,  the  contents 
will  gradcally  be  iniisterrei  *o  the  hollow  beae,  and  this  whether  the 
rcssel  be'  replaced  la  an  upright  poaition  or  not.    Thiu  ttnkards  h>ve 
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been  so  contrived  that  the  act  of  applying  tLem  to  tlie  lips  charged  the 
siphon,  and  the  liquid  instead  of  entering  the  mouth  then  passed  through 
an  illegal  passage  into  the  cavity  formed  for  its  reception  below.  By 
making  the  capacity  of  the  siphon  'sufficiently  large,  a  person  ignorant  of 
the  device  would  find  it  a  dimcult  matter  even  to  iaste  the  contents  how- 
ever thirsty  he  might  be.  In  the  dark  ages,  simple  people  Tvould  naturally 
on  such  occasions  give  credit  to  legends  respecting  mischievous  demons 
loving  beer  and  taking  these  opportunities  to  get  it.  Dishonest  publicans 
whose  sign-boards  announced  "  entertainment  for  man  and  beast,"  are 
said  to  have  occasionally  thus  despoiled  travelers  of  a  portion  of  their  ale 
or  mead,  as  well  as  their  horses  of  feed.  Oats  were  put  into  a  perforated 
manger,  and  a  large  part  forced  through  the  openings  into  a  receptable 
below,  by  the  movements  of  the  hungry  animal's  mouth. 

Martial  the  Roman  poet  refers  to  tricks  of  ancient  publicans,  and  what 
will  surprise  some  reciders,  he  complains  of  having  had  wine  foisted  on 
him  instead  of  water.  Ravenna  was  originally  built  like  Venice  on  piles, 
and  was  a  sea-port,  though  now  several  miles  inland.  Water  has  always 
been  extremely  scarce  at  this  city,  and  probably  was  more  so  formerly 
than  at  present.  In  the  poet's  time  it  seems  to  have  brought  a  higher 
prce  than  inferior  kinds  of  wine.     Hence  his  complaint : 

By  a  Ravenna  vintner  once  betrav'd. 
So  much  for  wine  and  water  mix  d  I  paid ; 
But  when  I  thought  the  pnrchau'd  liquor  mine. 
The  rascal  fobb'd  me  off  with  wine.        L.  iii,  Ep.  57.    Addison. 
• 

No.  244,  a  magical  pitcher,  from  the  eighth  problem  of  the  SpiritaKa. 
The  siphon  is  nut  employed,  but  the  device  is  allied  to  the  preceding 
ones.  A  horizontal  partition  or  diaphragm  perforated  with  minute  holes 
divides  the  vessel  into  two  parts.  The  handle  is  hollow  and  air-tight, 
and  at  the  place  where  its  lower  end  is  connected  to  the  pitcher,  a  tube 
pioceeds  from  it  and  reaches  nearly  to  the  bottom.  At  the  upper  part  of 
the  handle  a  small  hole  is  drilled,  where  the  thumb  or  finger  can  readily 
cover  it.  It  should  be  disguised  by  some  neighboring  ornament  or  scroll. 
Jf  this  t>itcher  be  half  filled  with  water  and  inverted,  the  liquid  would  be 
retaineJ  as  long  as  the  small  hole  in  the  handle  was  closed — ^being  sus- 
pended as  in  the  atmospheric  sprinkling  pot.  No.  69  and  70,  and  in  Tutia's 
sieve.  No.  74.  If  the  lower  part  be  filled  with  water  and  the  upper  with 
wine,  the  liquids  will  not  mix  as  long  as  the  small  hole  in  the  handle  is 
closed  ;  the  wine  can  then  either  be  drunk  or  poured  out.  If  the  hole  be 
left  some  time  open,  a  mixture  of  both  liquors  will  be  discharged.  With 
a  vessel  of  this  kind,  says  an  old  writer,  "  You  may  welcome  unbidden 
guests.  Having  the  lower  part  already  Blled  with  water,  call  to  your  ser- 
vant to  fill  your  pot  with  wine ;  then  you  may  drink  unto  your  guest, 
drinking  up  all  the  wine  :  when  he  takes  the  pitcher  thinking  to  pledge 
you  in  the  same,  and  finding^  the  contrary,  will  happily  stay  away  until 
he  be  invite  f,  fearing  that  his  next  presumption  might  more  sharply  be 
rewarded." 

/  r  ther  old  way  of  getting  rid  of  an  unwelcome  visiter,  was  by  offering 
hiiri  wine  in  a  cup  resembling  No.  245.  The  sides  were  double,  and  an 
air-tigb:  cavity  formed  between  them.  When  the  vessel  was  filled,  some 
of  the  U*,uid  entered  the  cavity  and  compressed  the  air  within  ;  so  that 
w'her  the  cup  was  inclined  to  the  lips  and  partly  emptied,  the  pressure 
beir.g  diminished,  the  air  expanded,  and  drove  part  of  the  contents  in  the 
face  '>f  the  drinker.  Porta,  in  his  Natural  Magic,  (Eng.  translation.  1658,) 
menuons  several  similar  devices,  but  they  are  all  to  be  found  in  one  ibrm 
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r  anotliar  in  tliR  Spin:a]i&.  One  gublet  wae  so  contrived  that  "  no  mar 
an  drink  out  of  it  hiir  he  who  knows  the  art."  The  liquid  was  suspended 
ind  discharged   by  admitting  or  excluding  a 


openmgB.  Another  one  "  lor  making  sport  with  them  that  sit  at  table  with 
US,"  a  cup  into  which  wine  was  poured  in  the  presenca  of  the  drinker,  but 
who  could  derive  from  il  nothing  but  water,  &c. 

The  necromancera  of  the  Tartars  and  Cathayare.  [Chinese,]  says 
Purchaa,  "  are  exceedingly  expert  in  their  divel.ish  art.  They  cau»e  t'lat 
the  botdes  in  the  hall  of  the  great  kian  doe  fill  the  bowjg  [cups]  uf  their  own 
accord,  which  also  without  man's  help  pass  ten  paces  through  the  ayre  into 
the  hands  of  the  great  kkau  ;  and  when  he  hath  drunkc,  in  like  sort  they 
returne  to  their  place."  The  cups  were  doubtless  filled  and  moved  by 
■ome  ingenious  device  ;  but  this  being  concealed,  the  whole  was  of  course 
miraculoui. 

Among  the  antiquities  of  Lunenburg  was  a  magical  goblet  or  ewer, 
**  une  aiguiere  dans  laquelle  il  y  a  un  gccrel  iydra3di(pie."  (Le  Curieux 
Antiquatre,  a  Leide,  1739,  torn  li,  495.) 

From  the  time  of  Heron  up  Co  ihe  l&th  and  17th  centuries  little  speci&c 
inibrmation  respecting  siphons  is  to  be  met  with.  They  were  of  course 
known  to  the  Romans.  Sir  Wm.  Oell  supposes  some  modification  of  them 
was  employed  in  connecting  the  targe  boilers  in  which  water  was  heated 
fcr  the  public  baths.  It  appears  from  discoveries  made  in  Pompeii  that 
these  vessels  were  closed  on  all  sides  and  bore  some  resemblance  to  the 
bodies  of  modern  stills ;  and  that  to  economize  the  heat,  three  of  them 
were  placed  upon  each  other.  The  lowest  one  in  contact  with  the  fire 
was  the  largest,  and  named  "  the  caldarium,  that  above  it  the  tepidarium, 
and  the  uppermost  which  was  supplied  with  cold  water  directly  from  the 
aqueduct  or  other  reservoir  the  fngidarium  ;  and  they  were  so  contrived, 
by  means  of  something  of  the  nature  of  a  siphon,  that  when  the  water  of 
the  lowest  waa  drawn  off  for  the  hath,  an  equal  quantity  descended  simul- 
taneously from  the  second  lo  the  lowest  cauJUmn,  and  from  the  uppermost 
to  the  second."  Julius  Pollux,  who  lived  in  the  second  century,  informs 
us  that  siphons  were  used  for  tasting  wine.  They  ara  also  referred  to  by 
other  ancient  writers,  but  as  several  instruments  were  designated  by  the 
•ame  name,  it  is  difficult  to  determine  u'ith  precision  what  particular  one 
was,  in  every  case,  intended.  It  is  very  probable,  from  the  remark  of 
Pollux,  which  is  corroborated  by  the  illustration  No.  S35,  that  siphooa 
ware  employed  by  ancient  vinlttert  and  private  gentlemen  for  decaatlsg 
wine,  just  as  the  same  classes  use  them  at  this  day. 
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Tlie  earliest  tnodt  m  figures  of  siphons  that  we  have  met  with  ar?  in  the 
tiwman  transU'ion  oi' Vegetius,  Effort,  l.-ill.     The  above  figuies,  Noa 
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246  and  247  are  copies.  Both  are  designed  to  show  the  application  of 
these  instruments  for  transferring  large  quantities  of  water  over  rising 
grounds,  as  mentioned  by  Heron.  No.  246  is  formed  entirely  of  wooden 
planks  strongly  nailed  together.  The  upper  ends  of  the  two  trunks  or 
pipes  are  united  to  a  square  and  close  box,  by  means  of  which  they  were 
charged  through  the  opening  on  the  top.  The  lower  oriBces  were  tem- 
porarily closed  by  plugs,  figured  below  with  short  ropes  attached.  When 
the  whole  was  filled,  the  hole  at  the  top  was  closed  by  driving  in  the  stop- 
per, figured  near  it,  and  then  the  two  plugs  below  were  withdrawn  by 
means  of  the  ropes. 

There  is  little  doubt  tliat  large  siphons  made  of  planks  and  jointed  or 
lined  with  pitch  would  work  well,  even  if  they  were  not  perfectly  tight, 
provided  the  orifice  of  the  discharging  leg  was  considerably  lower  tJian 
the  surface  of  the  water  in  which  the  short  leg  was  placed. 

Heron  directed  large  siphons  to  be  filled  through  a  funnel  at  the  top, 
and  the  orifices  closed  below,  as  represented  in  Nos.  246  and  247. 

No.  247  was  of  metal,  but  charged  like  the  last  by  means  of  a  wooden 
box  ;  the  opening  to  admit  the  water  and  its  stopper  being  clearly  repre- 
sented. There  appears  no  device  for  closing  the  lower  ends  of  this 
siphon ;  and  as  they  enter  the  water  perpendicularly,  the  plugs  and  ropes 
used  in  No.  246  would  hardly  apply*  Probably  the  short  leg  was  closed 
by  a  valve  opening  upwards  at  the  bottom  of  the  box,  on  which  account 
the  latter  was  made  conical  to  afford  room  for  it  to  play.  This  valve 
would  be  sufficient  for  the  purpose  of  charging  the  siphon,  provided  the 
upper  part  of  the  box  was  higher  than  any  other  part  of  the  instrument. 
We  therefore  suppose  that  the  disproportionate  size  of  the  box  and  its 
being  figured  below  the  bend  are  errors  of  the  artist. 

Of  modern  improvements,  the  addition  of  sucking  tubes  by  which  amaJ^ 
siphons  are  now  commonly  charged  was  the  firsL  It  is  uncertain  when 
or  by  whom  they  were  introduced.  They  do  not  appear  to  have  been 
much  used,  if  at  all,  before  the  early  part  of  the  last  century  ;  for  all  the 
%iphons  described  in  old  treatises  on  chemistry,  distilling,  &c.  invariably 
consist  of  single  tubes,  which  were  either  charged  by  immersing  them,  or 
by  drawing  out  the  air  from  the  orifice  of  the  discharging  leg  by  the 
mouth.  It  may  contribute  to  some  future  history  of  the  siphon  to  preserve 
a  few  c'  these. 
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The  first  two  are  from  the  English  translation  of  one  of  Conrad  Gesner's 
virorks,  Lond.  1599.  (Se3  page  381  of  this  volume.)  Speaking  of  draw- 
ing off  water  from  the  head  of  a  still,  the  author  observes,  "  You  may  put 
certaine  draying  pipes  into  the  cover  such  as  you  see  here  livelie  portray- 
ed." Copies  of  the  sair.i  i»re  inserted  in  several  other  old  works.  In 
"  Maidon  Rustique,"  Paris,  1674,  folio  217,  they  are  to  be  seen,  and  the 
instruments  are  said  to  have  been  m^e  of  tin  plate  *  (tuyaitx  defer  blanc.) 

»  This  beaiitifnl  nianafactnre  (tin  plate'  whlcr.ccntributesso  largely  to  the  ^nrnishil^ 
of  onr  kiicheni>,  Ax.  '. ;  wipposed  to  be  .»f  aii-::',at  date.  The  Germans  were  the  firet 
makeTk  of  it  ii:  uodem  times. 
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No.  250  is  from  the  "  Dictionnaire  GBconomiuue,"  Pans,  1732,  3d  ediu 
Tome  i,  S64.  It  is  obviously  copied,  with  the  distilling  apparatus  of  which 
it  forms  a  part,  from  some  older  work.  No.  248  differs  in  nothing  from 
those  belonging  one  of  the  Pharaohs,  (No.  236,)  while  the  forms  of  Nos. 
249  and  250  are  evidently  owing  to  the  material  of  which  they  are  made* 
viz.  tinned  iron ;  the  legs  were  separate  pieces,  and  their  junction  formed 
an  acute  angle. 

The  sucking  tube  is  not  figured  bv  Decaus,  Flndd,  Moxon,  Boyle,  Beli- 
dor ;  nor  yet  by  Rohault,  Gravesande,  Desaguliers,  and  '^he  Abbe  Nollet, 
although  it  was  in  use  before  the  popular  works  of  the  last  named  authors 
wore  published.  Switzer,  in  his  Hydrostatics,  1729,  has  figured  a  siphon 
for  transferring  water  over  a  hill  with  a  short  sucking  tube  attached  ;  but 
this  is  placed  near  the  top,  and  was  designed  to  draw  off  the  air  that 
miofht  accumulate  at  the  bend  after  the  instrument  had  been  some  time 
in  use. 

In  Martin's  "  Philosophical  Grammar,"  Lond.  1762,  sixth  edit.  No.  251 
is  represented.  The  sucking  tube  appears  but  as  the  nucleus  of  the 
modern  one,  being  a  very  short  conical  piece  attached  to  the  extremity 
of  the  discharging  leg.  The  figure  we  suppose  was  in  the  previous  edi- 
tions of  the  work.  It  was  copied  into  the  X<ondon  Magazine  for  1764, 
p.  584,  and  is  there  named  "  the  syphon  or  crane  in  common  use,**  But 
the  sucking  tube  was  fully  developed  before  these  dates.  In  "  Arts  et 
Metieres,"  it  is  not  curtailed  of  its  lair  proportions.  The  treatise  on  the  Art 
of  the  Cooper,  (Art  du  Tonnelier,)  was  published  in  1763,  and  in  it  No. 
252  is  given  as  the  siphon  thee  used  in  Paris  for  emptying  wine  casks,  &c. 
It  was  maile  of  tin  plate,  and  for  the  convenience  of  hanging  it  up  when 
not  in  use,  a  ring  was  attached  to  the  upper  parL  '*  Ce  siphon  est  connu 
sous  le  nom  de  pompe"     (Folio  edit.  p.  47.) 

•  **  L'Art  du  Distillateur  Liquoriste,"  was  published  in  1775.  In  it 
another  valuable  modification  of  the  siphon  is  exhibited.  See  No.  253. 
This  in  its  outline  resembles  the  preceding  one,  being  made  of  the  same 
material.  It  has  no  sucking  tube,  but  the  discharging  leg  is  closed  by  a 
cock,  and  the  receiving  one  by  a  light  valve  opening  inwards ;  hence 
when  once  charged,  this  siphon  would  always  remain  so  while  the  cock 
was  kept  shut :  it  could  be  moved  from  one  vessel  to  empty  another  at 
pleasure,  for  as  soon  as  the  end  of  the  short  leg  was  immersed  and  the 
cock  opened,  it  would  commence  to  act.  This  instrument  was  named 
•*  siphon  d  cfapcL"     (Folio  edit.  p.  140.) 

The  more  common  form  of  the  siphon  as  now  used  is  shown  at  No.  254. 
a  valve  in  the  short  le^  being  dispensed  with.  Sfnall  instruments  arc. 
so  easily  charged,  that  little  or  no  advantage  is  derived  from  keeping  them 
filled.  Liquids  confined  in  them  become  insipid,  and  in  sort's  cases  tainted 
by  the  material  of  the  tube ;  besides,  as  small  siphons  are  required  tr 
decant  different  liquids,  their  contents  must  be  discharged  every  time  the 
liquid  is  changed.  On  these  accounts  the  valve  has  been  dropped.  The 
junction  of  the  sucking  tube  with  the  discharging  leg  must  always  be  kept 
below  the  surface  of  the  fluid  to  be  drawn,  as  the  virtual  length  of  the  leg 
there  terminates.  By  means  of  the  cock  the  discharge  can  always  be 
regelated,  and  when  a  receiving  vessel  is  filled — entirely  stopped  until 
another  vessel  is  prepared. 

Siphons  with  small  syringes  attached  for  the  purpose  of  charging  them, 
are  frequently  made  by  silversmiths  for  decanting  wine  from  ordinary 
bottles,  Sec.  See  No.  255.  The  capacity  of  the  syririge  ahould  equal 
duu  of  the  siphon,  as  one  steaks  only  (an  upward  one)  of  the  piston  ca«» 
te  used.     Atmospheric  and  forcing   ywnps  are  often  used  tc  charge  veiy 
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iong  siphons ;  the  former  heing  applied  to  the  discharging,  Lcd  the  latter 
to  the  receiving  orifice. 

Of  devices  for  stopping  and  renewing  the  discharge  without  either  cocks 
or  valves,  :h'»  Virtemhurg  tiphc^  's  the  oldest.  It  was  so  named  from 
its  inventio''  >n  that  city.  The  legs  are  of  eqaal  length,  and  to  prevent 
the  admission  of  air  when  the  instrument  is  not  in  use,  their  ends  are  bent 
upwards.  -ee  No.  256.  (For  the  convenience  of  discharge,  one  end  is 
commonly  recurved.)  The  alledged  advantages  of  this  «iphon  over  others 
were  more  imaginary  than  real,  it  was  at  one  time  announced  as  **  a  very 
extiacrdinary  machine,  performing  divers  things  which  the  common  siphon 
cannot  reach.''  Thus,  when  the  legs  were  inserted  in  different  vessels,  it 
was  said  to  preserve  the  liquid  at  the  same  level  in  both ;  and  although 
the  legs  were  of  equal  length,  v/ater  rose  indifferently  up  one  and  descend- 
ed through  the  other,  besides  other  properties  which  in  fact  are  common 
to  all  siphons.  Its  only  peculiarity  consists  in  the  ends  of  the  legs  being 
turned  upwards,  so  as  to  retain  the  fluid  within,  and  thus  be  always  ready 
fo*  use  :  but  this  retention  of  the  contents,  although  theoretically  true,  is 
n  p*at;tice  hardly  attainable,  since  it  requires  the  orifices  to  be  always 
preserved  on  the  same  horizontal  line— a  condition  extrenjely  difficult  to 
perform,  except  with  very  small  instruments,  and  whose  ends  are  turned 
considerably  up.  If  the  ends  reach  only  to  a  level  with  the  upper  side  of 
the  flexure,  the  slightest  change  of  position  makes  one  leg  longer  than  the 
uther  ;  air  is  admitted,  and  in  a  moment  the  whole  contents  are  expelled. 
A  siphon  thus  made  of  inch,  or  f  inch  tubing,  could  not  be  moved  from 
one  vessel  to  another,  or  hung  against  a  wall,  without  the  contents  being 
displaced.  Disks  or  stoppers  placed  over  the  orifices  would  prevent  this, 
but  they  would  virtually  be  valves.  The  Wirtemburg  siphon  is  conse- 
quently seldom  seen  except  in  the  lecture  room.  (See  Phil.  Trans,  xv, 
846-7,"  and  Lowthorp's  Abridg.  i,  537-9.) 

In. 1808,  M.  Argand,  the  inventor  of  lamp  burners  that  go  under  his 

name,  devised  a  "  valve  siphon"  precisely 
similar  to  No.  253.  From  remarks  made 
in  the  journals  of  the  time,  he  seems  to  have 
been  considered  the  introducer  of  the  valve 
~an  erroneous  idea.  As  regards  the  con' 
.  strurtion  of  his  siphon  all  that  could  be  claim- 

I  ^^^tii^^M^-  ^y  ^^  ^^^  ^^"^  ^'^^  ^^^  mode  of  connecting 

I  ^^^^^^^t^  the  legs  to  the  horizontal  part  by  screws,  so 

I       nM   ''  '^     ^^^^  ^^^y  ">i&^t  easily  be  separated,  either 

^^    I  for  the  purpose  of  cleaning  or  more  con- 

veniently packing.  But  Argand  *s  mode  of 
chargiTig  his  siphon  was  novel.  It  was 
effected  on  the  same  principle  as  water  is 
raised  by  the  camu  hydraylique,  (paee  372,)  viz.  by  moving  the  instru- 
ment perpendicularly  up  and  down  in  the  liquid,  until  it  became  Blled. 
Instead  of  imparting  motion  to  the  whole  instrument,  which  in  larger  ones 
would  be  inconvenient,  M.  Hachette  suggests  that  the  lower  part  of  the 
receiving  leg  be  connected  to  the  upper  part  by  a  flexible  tube  of  leather 
or  cloth  impermeable  to  liquids,  so  that  the  part  in  which  the  valve  is 
actuated  need  onl^  be  moved.     See  No.  257. 

Siphons  are  necessary  in  numerous  manipulations  of  the  laboratory,  and 
modern  researches  in  chemistry  have  given  rise  to  several  beautiful  devices 
for  charging  them,  and  also  for  interrupting  and  renewing  their  action. 
When  corrosive  liquids  or  those  of  high  temperatures  are  to  oe  transferred 
t>y  siphons,  it  is  often  inconvenient,  and  sometimes  dangerous  to  put  them 
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in  nperacinn  hy  Hit  ''Jnga.  Moreo'^er  cockfl  and  valves  i>r  metal  are  aGte<l 
on  'ii  aciijg,  anii  in  HO~^a  :ues  Wii'jlJ  affect  or  ileatroy  the  properties  <tl 
the  flniils  tfaiimsclvei. 


K*.no. 

No.  2r>S  shows  how  hot  o 


quids  mav  b 
e  mouthod  bottle  or  jar.     The  short  leg  of  a  siphon  is  inserted  throngh 
ttie  cork  ;   anil  also  a  srrmll   tube,  through  which  the  operator   blows,  and 
by  the  pressure  of  his  hreath  forces  the  liquid  through  the  siphon. 

No.  259  represents  a  siphon  sometimus  employed  by  chemists.  When 
used,  the  short  leg  is  first  placed  in  the  fluid  to  be  decanted,  the  flame  of 
H  lump  or  candle  is  then  applied  to  the  underside  of  the  butb ;  the  beat 
rttrcBes  the  air,  and  consequently  drives  out  tho  greater  part  of  it  through 
the  discharging  orilice.  The  finger  is  applied  to  this  orifice,  and  as  the  bulb 
becomes  cool  the  atmosphere  drives  up  the  lii|uid  into  the  vo!d  and  puta 
the  instrument  in  operation. 

No.  260  is  a  siphon  by  M.  Collardeau.  It  is  charged  by  pouring  a 
quantity  of  the  fluid  to  be  decanted  into  the  funnel ;  the  bent  pipe  attached 
to  which  terminates  near  the  top  of  the  discharging  leg.  The  fluid  in 
descending  through  this  leg  bears  down  the  air  withm  it,  on  the  principle 
of  the  trombe,  and  the  atmosphere  drives  up  the  liquid  in  the  reservoir 
through  the  short  leg.  In  experiments  with  this  instrument  we  invariably 
found  the  contents  of  the  charging  tube  drawn  into  the  siphon  whenever 
the  oriRce  of  the  discharging  teg  was  not  made  smaller  than  the  bore  of 
the  receiving  one.  By  not  attending  to  this,  such  siphons  will  only  ac.  b» 
long  as  water  is  poured  into  the  funnel. 

No.  261.  A  glass  siphon  for  decanting  acids,  &c.  It  is  charged  by 
Ducking,  and  to  guard  against  the  contents  entering  the  mouth,  a  bulb  ia 
blown  on  the  sucking  tube.  The  accumulation  of  a  liquid  in  this  bulb 
being  visible,  the  operator  can  always  withdraw  his  lips  in  time  to  pre- 
vent his  tasting  it. 

No.  263  is  designed  to  retain  its  contents  when  not  'n  use,  so  that  on 
plunging  the  short  leg  deep  into  a  liquid  the  instrument  will  operate.  This 
effect  however  will  not  follow  if  the  end  of  the  dischtirging  log  descend 
below  the  flexure  near  it,  and  if  its  orifice  be  not  contracted  nearly  to  that 
of  a  capillary  tube. 

No.  263  is  a  siphon  by  which  li(|uids  may  be  drawn  at  intervals,  vis. 
by  raising  and  lowering  the  end  of  the  discharging  leg  according  to  the 
surface  of  the  liquid  in  the  cistern. 

Our  own  laliors  have  developed  some  novel  modifications  of  the  aiphnn. 
No.  S64  is  charged  by  an  apparatus  designed  as  a  aitbstitute  fur  ih« 
synnge.  (See  No.  255.)  The  sucking  tube  of  an  ordinary  siphon  is  made 
to  pass  through  the  centre  of  a  much  hirger  pipe.  This  is  closed  at  tht 
bottom,  open  at  top,  and  its  length  equal  to  that  of  (he  short  leg,  A  move- 
able tube  open  at  bottom  and  closed  above  is  fitted  to  slide  in  the  la^t,  and 
la  of  such  a  bore  that  the  space  between  its  sides  and  the  exhausting  tub* 
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equals  tke  capacity  of  the  aiphon.  To  um  tliis  initrurnent,  fill  the  wide 
tube  with  water  or  some  other  fluid,  and  place  the  short  leg-  into  the  liquid 
to  be  decanted  ;  then  clone  the  orifice  of  the  lon^  leg-  with  the  linger,  and 
raise  the  moveable  tube  (by  the  ring  attached  to  it)  and  the  siphon  will 
be  charged.  In  usin^  this  instrument,  the  fluid  by  which  it  is  charged 
does  not  mix  with  that  which  is  decanted,  aa  in  No.  260.  The  apparatua 
is  Pioro  simple  than  a  Bvringe  and  is  not  liable  to  be  deranged.  By  using 
mercury  both  ilie  length  and  bore  of  the  charging  tubes  may  be  greatly 
mduced.  As  these  tubes  themselves  constitute  a  siphon,  (see  No.  238,} 
the  uppei  end  of  the  small  exhausting  one  should  extend  a  little  above 
that  which  contains  the  charging  fluid,  lest  this  should  occasionally  rise 
over  the  orifice — in  whith  case  the  whole  would  be  drawn  off.  A  descrip- 
tion nf  this  siphon  was  published  in  the  Journal  of  the  Franklin  Institu'.e 
for  November,  1634. 


Nob.  265-6  represent  another  mode  of  charging  siphons  on  the  same 
principle,  but  the  apparatus  is  more  simple  and  is  accompanied  with  some 
peculiar  advantages.  The  siphon  itscll  has  no  exhausting  pipe  alloched 
lo  it,  hut  is  a  bent  tube  simply.  It  is  put  in  operation  by  means  of  a 
moveable  tube  of  about  the  same  length  as  the  discharging  leg.  and  having 
the  biittom  closed  and  a  lip  or  spout  formed  on  its  upper  edge.  This 
tubular  vessel  is  filled  with  water  {or  other  fluid)  and  ih*  long  leg  of  the 
siphon  inserted  into  it.  The  short  teg  is  then  placed  into  the  lic]uid  to  ha 
decanted  and  the  moveable  tobe  drawn  gently  down.  The  air  within 
becomes  rarefied  and  the  instrument  charged  in  o*nse<]uence  of  the  vacHlty 
lell  in  the  long  leg  by  the  receding  liquid.  The  icoveable  tube  may  then 
be  wholly  withdrawn  or  not  as  circumstances  may  dictate.  If  the  liquid 
it  to  be  decanted  at  intervals,  or  the  stream  increased  or  dimititsked,  the 
tulie  should  be  used  ;  thus,  to  lessen  or  stop  the  discharge,  slide  U] 
tulfe  and  as  the  lip  approaches  to  a  level  with  the  surface  m  the  rese 
the  stream  will  become  less  and  leas,  and  by  raising  it  still  higher,  as  it) 
No.  26.1,  entirely  stopped.  Hence  the  instrument  acts  as  a  perfect  eock, 
by  which  the  liquid  may  be  discharged  in  single  drops  or  in  a  full  stream, 
and  unlike  the  ordinary  brass  taps,  it  can  never  leak  nor  require  repairs. 

The  apparatus  also  perforrae  the  part  of  a  jutf^f,  viz.  by  accurately  indi- 
cating the  surface  of  the  fluid  within  anv  vessel  to  which  it  is  attached. 
Suppose  we  wish  to  know  the  quantity  of  liquid  remaining  In  a  demijohn, 
or  other  close  vessel,  after  drawing  off  part  by  one  of  these  siphons ;  all 
that  is  required  is  to  slide  up  the  tube  till  the  liquid  barely  drops  from  the 
iip— its  surface  in  the  tube  will  then  be  on  the  tame  level  as  in  the  demi- 
john. If  the  moveable  tube  be  made  of  glass,  the  quantity  left  can  always 
be  known  at  si^ht,  because  its  surface  in  the  tube  would  always  be  visible. 
A  device  of  this  kind  might  be  employed  to  dmw  off  wid  to  gusge  tbt 
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contents  of  standing  casks.  It  would  be  better  to  make  the  discharging 
leg  of  this  siphon  of  rather  larger  bore  than  the  short  one,  since  the  rare- 
faction would  then  be  n\ore  perfecL  The  discharging  leg  must  always 
be  inserted  in  the  moveable  tube  before  the  short  one  is  placed  in  the 
liquid  to  be  transferred.  (See  Journal  of  the  Franklin  Institute  for  July 
and  November,  1834.) 

No.  267  is  formed  of  a  conical  tube,  and  charged  by  the  act  of  placing 
it  in  the  fluid  to  be  transferred.  The  end  of  the  lon^  leg  is  first  closed 
tight  by  the  finger,  and  the  short  one  then  immersed  as  deep  as  can  be 
conveniently  in  the  liquid.  The  air  being  thus  confined  prevents  the  liquid 
from  entering,  but  when  the  finger  is  withdrawn,  it  is  urged  up  the  short 
leg  by  the  hydrostatic  pressure  of  the  column  ovet  the  orifice  of  the  latter, 
and  the  moineiUum  of  the  large  volume  contained  in  the  lower  part  drives 
sufficient  over  the  bend  to  put  the  instrument  in  operation.  The  action 
of  this  siphon  depends  upon  the  same  principle  as  the  spouting  tubes 
described  in  the  last  chapter.  This  siphon  is  in  fact  merely  one  of  these 
'  bent  into  a  proper  form.  The  bend  should  be  a  regular  curve  in  order  to 
present  as  little  obstruction  as  possible  to  the  liquid  in  passing  over :  it 
should  also  be  shorty  so  as  to  require  less  of  the  passing  fluid  to  fill  it  than 
a  longer  one.  The  proportions  of  the  different  parts  of  these  siphous 
should  approach  those  represented  in  the  cut.  Small  siphons  on  this  plan 
are  limited  in  their  application  to  those  cases  where  the  short  legs  can  be 
immersed  half  their  depth  or  more;  but  the  application  of  large  instruments 
increases  with  the  depth.     (See  No.  226  and  remarks  upon  it,  page  499.) 

Nos.  268-9  are  bfowing  siphons,  being  charged  by  blowing  with  th#» 
mouth  through  the  tubes  connected  to  the  orifices  of  the  discharging  legs. 
This  mode  of  producing  a  vacuum  in  one  pipe  by  blowing  air  through 
another  is  sufficiently  explained  in  a  previous  chapter.  In  No.  269,  the 
junction  of  the  siphon  with  the  blowing;  tube  is  flush  or  smooth  in  the 
interior  of  the  latter,  and  whenever  this  is  the  case  a  conical  ajutage  must 
be  added  as  represented,  or  the  instrument  cannot  be  charged.  (See 
remarks  on  blowing  tubes,  pp.  486-7.)  The  better  way  is  to  make  the 
siphon  .ike  No.  268,  in  which  a  part  of  the  leg  projects  into  the  blowing 
tube  and  diverts  the  current  of  air  from  the  lungs  over  the  orifice,  as  in 
Nos.  205-*6,  '7,  and  '13,  These  are  more  readily  charged  than  the  others, 
and  although  they  will  operate  without  the  conical  ajutage,  they  are  much 
easier  charged  with  iL  By  such  siphons  water  may  be  raised  one  or  two 
feet  by  a  smart  puff.  They  are  safe  and  convenient  to  transfer  acids,  &c 
as  there  is  not  the  least  danger  of  receiving  any  portion  into  the  mouth, 
as  when  sucking  siphons  are  used. 

Siphons  are  now  used,  as  they  were  by  the  Esryptians  in  Heron's  time, 
to  convey  water  to  considerable  dii^tances.  When  they  are  laid  over 
ground  that  is  elevated  from  20  to  25  feet  above  the  spring,  a  quantity  of 
air  is  disengaged  from  the  water  at  the  highest  parts  of  the  tube,  and  accu- 
mulating there  is  very  apt  to  cause  the  action  to  cease.  To  prevent  this, 
a  close  vessel,  furnished  with  a  cock  and  funnel  at  the  top,  should  be  con- 
nected at  its  bottom  to  the  highest  part  of  the  siphon  by  a  stop  cock  or 
valve.  The  air  evolved  from  the  water  will  collect  in  this  vessel  and 
should  be  occasionally  drawn  off  in  the  following  manner.  Shut  the  lower 
cock  and  open  the  one  attached  to  the  funnel ;  fhen  expel  the  air  by  filling 
the  vessel  with  water  and  turn  the  cocks  as  at  first.  As  fresh  portions  of 
air  arise  from  the  liquid,  they  will  enter  the  vessel  and  drive  the  water 
down  the  discharging  leg.  When  the  ground  is  very  uneven  at  the 
highest  parts,  the  several  eminences  of  the  siphon  should  be  connected  \y 
•mall  tubes  to  the  ur-chamber. 
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AVo  iidve  known  siphons  >oni  a  quarter  to  half  a  mile  m  lengtJi,  and 
formed  of  leaden  })ipes  only  half  an  inch  in  the  Lure  continue  running  fronx 
nine  to  fifteen  months  without  once  stopping,  aithougn  no  air-vessels  were 
attaclied  to  them.  In  one  case  the  pipe  was  1200  feet  in  length,  the  orifice 
o^  llio  discliarging  leg  was  but  five  or  six  feet  below  that  of  the  receiving 
one,  and  the  highest  part  of  the  tube  was  from  12  to  15  feet  above  Ine 
surface  of  the  9^  ^^ 

An  opinion  is  current  with  some  writers,  that  the  extreme  elevation  to 
which  water  can  be  carried  by  siphons  was  unknown  to  the  ancients,  and 
timt  Heron,  the  most  celebrated  writer  of  antiquity  upon  these  instru- 
ments, was  not  himself  aware  of  its  limitation  to  about  30  feet.  It  is  not 
clear  that  Ho  ^n  was  thus  ignorant ;  but  if  he  were,  it  would  only  show 
that  in  this  department  of  the  arts  he  was  no  practical  man.  That  ancient 
plumbers  and  pump-makers,  who  prepared  and  laid  large  siphons  were 
aware  of  the  limitation  there  can  be  no  doubt,  just  as  the  same  class  of 
mechanics  were  in  modern  times  with  regard  to  pumps,  before  pliilosopJiers 
were  informed  of  the  fact  Oi  able  to  account  for  it.  As  however  siphons 
ior  conveying  water  over  hilis  and  to  great  *  ^stances  have  always  been 
ot  rare  occurrence,  (comparacively  speaking,)  it  is  not  at  all  surprising  that 
even  some  hydraulic  engineers  should  have  been  thus  ignorant  with  regard 
to  them,  although  familiar  with  the  extent  to  which  water  can  be  raised  by 
atmospheric  pumps.  If  some  of  these  men  have  talked  of  conveying 
Hater  by  siphons  over  rtiountains,  we  never  hear  them  speak  of  raisin?  it 
to  equal  elevations  tlirough  the  suction  pipes  of  pumps.  Daiiy  experience 
in  applying  the  latter  to  various  depths  prevented  them  from  falling  into 
the  error. 

liaotist  Porta,  in  the  19th  Book  of  his  Natural  Magic,  speaks  of  raising 
water  by  a  siphon  to  the  top  of  a  high  tower,  and  several  old  writers  have 
the  same  conceit.  This  was  ip  accordance  with  the  ancient  doctrine  of  the 
plcnistjs^  who  denied  the  posjioility  of  a  vacuum.  They  attributed  the  ascent 
of  liquids  through  siphons  to  nature's  abhorrence  of  a  void,  and  imagined 
the  elevation  to  \  e  unlimited.  But  these  men  were  philosophers^  whose 
practic.il  knowledge  was  confined  to  portable  experiments ;  had  they  been 
working  pump-makers  they  would  have  known  better ;  they  woulTi  have 
bf-rome  advocates  for  the  opposite  doctrine — vacuisU,  So  long  was  the 
error  of  the  plenists  maintained,  observes  Switzer,  "  that  1  have  seen  a 
book  of  Machines,  written  even  in  Queen  Elizabeth's  time,  by  one  Ward, 
an  engineer,  who  ventur'd  to  give  a  sketch  of  a  high  hill,  and  a  house  at  the 
bottom  or  side,  over  which,  by  a  vast  extej^ded  syphon,  the  water  was  to 
be  convey'd  from  one  vale  to  another."  The  author  of  the  old  treatise, 
er.!'tled,  *  Art  and  Nature,'  quoted  at  pp.  321,  375,  was  of  the  same  opi- 
nion. "  How  to  convey  water  over  a  mountain  :  tiiis  experiment  is  as  easie 
to  be  performed  as  any  of  the  former,  and  indeed  after  the  same  manner, 
Ic  you  must  lay  a  pipe  of  lead  over  the  mountain,  with  one  end  in  the 
epring  or  water  that  you  desire  to  convey,  and  the  other  end  must  lie 
somewhat  lower ;  then  open  the  pipe  at  the  top  of  the  mountain  ;  stop 
both  ends  of  the  pipe,  and  with  a  tunncll  BlI  the  pipe  full  of  water ;  then 
f.lose  it  up  exactly  that  neither  ayer  nor  water  may  come  out  thereat ;  then 
anstop  b^th  the  ends  of  the  pipe,  and  the  w*ater  will  run  continuallv," 
(p.  10.)  Decaus  appears  to  have  been  better  informed  if  we  may  judge 
from  his  remarks  respecting  the  perpendicular  length  of  pipes  of  atmo- 
spheric pumps.  In  large  engines,  he  recommends  that  they  be  not  made 
over  20  feet ;  and  including  the  working  cylinders,  he  says,  **  I  am  of 
(>p:nio!5  'liat  it  [the  water]  must  not  be  constrained  to  rise  more  than  thirty 
feet  in  hKlght."     The  second  plate  of  his  "  Forcible  Movcmeuta"  repre- 
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•ents  two  atmospheric  pumps  placed  one  above  the  otlier,  and  the  lowest 
one  raised  It  from  "24  to  30  feet/'  and  the  upper  one  *'  may  raise  it  from 
thence  24  or  30  feet"  higher.  The  '*  Forcible  Movements,"  it  will  be 
rememberer,  was  published  about  thirty  years  before  the  discovery  of 
atmospheric  pressure. 

Contrivances  for  discharging  water  from  the  highest  part  of  siphons 
have  often  been  proposed.  They  are  to  be  met  with  in  several  old  authors, 
and  the  principle  of  most  of  them  may  be  found  in  the  Spiritalia.  They 
are  however  seldom  employed,  l>ecauae  circumstances  on  which  they  de- 
pend rarely  occur ;  ami  other  devices  are  preferable  even  under  those 
circumstances.  A  descriptive  account  of  a  few  of  them  may  interest  some 
machinists,  and  be  serviceable  to  others,  viz :  by  preventing  them  from 
expending  their  energies  in  devising  similar  things.  Indeed  in  this  respect 
books  which  contain  accounts  only  of  the  Lest  machines  are  not  always  th« 
most  useful  to  inventors.  In  whatever  department  of  the  arts  these  mei 
exercise  their  talents  they  are  almost  certain  to  fall  at  one  time  ur  another 
on  ol^^  devices,  which  appear  to  them  both  new  and  e<^ual  to  similar  plana 
in  common  use.  Books  therefore  which  describe  rejected  and  antiquated 
contrivancies  are  not  so  worthless  as  some  oersons  imagine. 

One  plhn  to  raise  water  by  a  siphon  consists  in  enlarging  or  swelling-  it 
out  at  or  near  the  bend,  or  what  amounts  to  the  same  thing,  connecting 
the  legi  to  an  air-tight  vessel ;  and  when  this  becomes  filled  the  commu- 
nication between  it  and  the  legs  is  cut  off  hy  valves  or  cocks,  and  the 
contents  drawn  off.  When  this  is  done  the  vessel  remains  filled  with  air, 
which  if  admitted  into  the  legs  would  stop  the  action  of  the  siphon.  It 
must  therefore,  in  order  to  expel  the  air,  be  filled  with  some  liquid  to 
^eplace  that  drawn  out.  Suppose  a  siphon  of  Ihis  kind  be  designed  to 
raise  water  for  the  supply  of  a  dwelling,  in  or  near  which  the  vessel  is 
placed,  it  may  then  be  refilled  with  refuse  or  impure  water,  which  on 
adjusting  the  cocks  will  pcss  down  the  discharging  leg.  Tl:en  after  a 
short  lime  elapses,  the  vessel  will  again  be  filled  with  fresh  water,  which 
may  be  again  exchanged  for  the  same  quantity  of  impure. 

In  locations  where  river,  salt,  or  any  other  water  can  thuj  be  exchanged 
for  fresh,  and  it  is  desirable  to  do  so,  such  devices  are  applicable.     (In 
breweries,  distilleries,  &c.  ihe  desceiit  of  one  li\|uid  may  thus  be  made  to 
raise  another.)    It  should  however  he  observed  that  an  equal  quantity  must 
be  given  for  that  received,  and  it  must  descend  rather  more  than  the  latter 
rises.     But  when  circumstances  allow  these  conditions  to  be  fulfilled,  the 
apparatus  is  not  always  to  be  depended  upon ;  air  insinuates  itself  throng'h 
the  minutest  imperfections  in  the  pipes  and  cocks,  and  often  deranges  the 
whole.     One  of  these  siphons  is  descrioed   in   Nicholson's  Journal,  4to. 
vol.  iv,  and  in  vol.  ii,  of  Gregory's  Mechanics.     Another  in  the  Biblio- 
theque  Phisico-Economique,  which  is  copied  in  vol.  x,  of  the  Repertory 
of  Arts,  2d  series.     Another  is  figured  in  Art  and  Nature,  A.  D.  1633, 
witJ»  two  close  reservoirs  lit  the  top  ;  and  Porta,  in  cap.  3,  book  xix,  of  his 
Magic,  describes  another,  with  the  close  vessel  on  the  lop  of  a  tower  :  the 
discharging  leg  is  desjcriljed  as  terminating  in  another  close  vessel  of  the 
same  size  as  the  one  above,  and  furnished  with  a  cock  and  funnel  through 
which  to  fill  it,  and  another  cock  to  discharge  the  contents :  this  charg- 
ing vessel  from  his  description  appears  to  have  been  placed  on  the  ground 
a  little  below  the  spring  and  then  rmptied— if  so,  the  apparatus  could  noi 
act.     He  does  not  app€?ar  to  have  ])een  aware  of  the  necessity  of  the  con- 
tents of  the  lower  vessel  being  di^scharged  from  the  orifice  of  a  pipe  a4 
much  below  as  the  receiving  vessel  on  the  tower  was  above  the  spring. 
The  device  (which  he  probably  imperfectly  copied  from  •nme  ^Ider  autlKor) 
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would  then  bo  tre  mme  as  the  aiphon  for  raifling  water  which  G  'BveHni^fl 
has  figured  in  the  lecond  v<ilume  of  his  Phiiiisrphy,  p.  39,  plate  7*. 

The  best  of  these  devices  are  not  only  subject  to  derangenent  by  the 
wear  of  the  cocka  and  valves,  and  want  of  care  in  opening  and  closing  llien: 
at  the  proper  timea,  bu^  tbey  re(]iiire  almost  as  much  Bilcndaiice  as  would 
suffice  to  raise  the  water  airectly  from  the  spring.  On  this  account  variuD* 
contrii  Bnces  have  been  proposed  to  render  them  self-acting. 

An  ingenious  device  of  this  kind  may  be  seen  in  the  Gentlemen's  Ma- 
gazine for  1747,  p.  fi82.  It  is  named  &  "  I'fting  rifhon."  Water  from  a 
Hpcing  ia  received  into  an  open  cistern,  from  the  bottom  of  which  a  pipe 
descends  to  a  perpendicular  depth  of  33  feet.  The  bore  of  this  pipe  is 
closed  and  opened  by  two  stop-cocks,  one  at  its  lower  end  and  the  other 
near  [he  upper,  or  Just  below  its  junction  with  the  cistern.  A  close 
vessel  to  receive  the  water  raised  is  to  he  fixed  at  any  required  elevation, 
not  exceeding  30  feet  above  the  cistern  ;  and  from  its  bottom  a  pipe 
descends  to  within  two  inches  of  (he  bollom  of  the  cistern.  This  pipe 
constitutes  the  short  leg  of  the  siphon,  and  its  upper  orifice  is  covered  bj 
a  valve  to  prevent'the  water  that  ascends  through  it  from  returning.  Fron 
the  top  of  the  close  vessel  a  small  or  exhausting  pipe  proceeds  down  U 
the  one  beneath  the  cistern  and  is  connected  la  it  below  the  upper  cock 
Thus  united  they  may  be  considered  as  the  long  leg  of  the  siphon,  aV 
though  water  only  descends  through  the  lower  branch  and  sir  through  the 
upper  one.  The  apparatus  for  alternately  opening  and  closing  the  cocks 
(uuon  which  the  action  of  the  machine  depends)  is  somew  hat  similar  in 
pnnciple  to  that  represented  at  page  354.  A  bucket  conta'.ning  water  is 
the  prime  mover  ;  a  rope  attached  to  it  ia  passed  twiee  round  two  rollers, 
and  a  counterpoise  is  suspended  from  the  other  end  nf  the  mpc.  When 
the  bucket  is  partly  filled  it  preponderates,  and  when  it  ia  emptied  the 
counterpoise  prevails  ;  hence  an  alternating  movement  is  imparted  lo  the 
rollers  and  to  the  plugs  of  the  two  cocks,  as  the  shanks  of  these  constitute 
the  axles  of  the  rollers. 

A  plan  for  making  siphons  of  this  description  self-acting  by  means  of 
four  vessels  placed  one  over  the  other,  and  each  provided  wilb  a  siphon 
by  which  its  contents  may  be  discharged,  was  proposed  by  Mr.  Wm, 
Close,  in  Nicholson's  Journal  before  reltrred  to. 

M.  Hachette  has  combined  the  ram 
of  Moiitgolficr  with  the  sinhon,  in  order 
to  discharge  water  from  the  spex  of  the 
latter :  see  the  annexed  figure.  A  the 
short  leg  and  R  the  long  or  discharg- 
ing one.  Theupperend  ofeachtermi. 
nates  in  a  close  chamber  within  which 
a  attached  ti 


made  to  work. 


.    „ppe. 


vnlve  closes  an  opening  ii 
tal  partition  that  separates  the  interior 
of  the  chamber  from  the  air-vessel  and 
jet  pijw  above.     The  seat  nf  the  lower 
valve  is  at  the  orifice  of  R.      The  dis- 
tance between  iho  valves  is  such  that 
when  one  is  closed  the  other  is  open. 
,  Their  movements  are  produced  as  in 
''  the  ram ;  a  coiled   spring   keeps  tfad 
upper  one  closed  till  the  momentum  cj 
V.7KL  Runiipba.     ^  the  fluid  in  passing  through  the  siphoa 
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shuts  the  lower  one.  The  lower  end  of  R  is  furnished  with  a  cock,  and 
that  of  A  with  a  valve  opening  outwards,  for  the  purpose  of  charging  the 
siphon  through  an  opening  at  B.  When  in  operation,  the  water  after 
running  a  little  while  acquires  sufficient  momentum  to  shut  the  lower  valve, 
upon  which  a  portion  rushes  into  the  air-vessel  and  escapes  in  a  jet;  the 
spring  then  closes  the  upper  valve,  and  the  fluid  descends  through  R  till 
the  lower  valve  b  again  closed  and  anoiher  jet  produced. 


CHAPTER    VII. 

FooNTAfFs:  \  ariety  of  their  forma,  orDamonts  and  accompanimeBts — ^Landacape  fardaBtrfl— Carta  <* 
ibvataioa  from  Decaua — ^Foanu^na  lo  old  Rome — Water  iaauinf  from  atatuea — Fonntaiaa  ia  PomyvL*  -> 
Attloaiatoo  trmupeter— Fouataiiia  by  Joba  of  Bolvf na  and  M.  Aug elo— Old  fonntaina  in  Ntt/ai..Ua  ^ 
Angabur;  and  Braaaela— Shakeapeare,  Draytoo  and  Spencer  quoted — Fountaina  of  Aicinooa— «ha 
younger  Pliny'a  account  of  fonntaina  in  tfaie  garden*  of  hi*  Tuaean  villa — Eating  in  gardeni^—AII'jitied 
to  in  Solomon'*  Song — Cato  the  Censor — Singular  fountain*  in  Italy — Foantaiu*  de*cribed  by  Haireo 
Paulo  and  other  old  writer*— Predilection  for  artificial  tree*  in  fountain* — Perfumed  and  rouaical  foun- 
tain*— Fountain*  within  public  and  private  building* — Enormous  ccat  of  perfumed  watet*  at  Roman 
fea*ts — ^Lucan  quoted — ^Introduction  of  fountain*  into  modern  theatre*  and  churebea  ra<.««imende<l- 
Fountain*  in  the  apartment*  of  Eaatern  prineea— Water  conveyed  through  pipea  by  th>  xieieota  into 
Sold*  for  the  uae  of  their  cattle- 'Three  and  fonr-way  cocka. 

Artificial  fountains  and  jets  d'eau  are  of  extreme  antiquity  :  althoug-h 
they  were  not  (like  natural  ones)  objects  of  worship  among  toe  ancients, 
they  were  at  least  held  in  great  estimation,  and  unusual  care  was  often 
taken  in  designing  and  decorating  them.  Indeed  no  other  hydraulic 
devices  have  ever  been  so  greatly  and  so  variously  enriched  wiili  ornament. 
The  pipes  of  supply  were  concealed  in  columns,  &c.  and  their  orifices 
wrought  into  numerous  emblematic  figures,  (see  page  lic^,)  while  the 
basins  that  received  the  fluid  were  generally  of  pohehed  nwirble.  Some- 
times the  pipes  terminated  in  statues  of  men,  women,  children,  animals, 
birds,  fishes,  vases,  gods,  goddesses,  &c.  From  them  tho  fluid  spouted 
high  in  the  air,  or  was  discharged  directly  into  receivers,  or  broken  in  its 
descent  by  intervening  objects  :  oftentimes  it  was  made  to  flow  over  the 
rim  of  a  vase,  to  issue  from  others  that  seemed  to  have  been  accidentally 
overturned,  and  not  infrequently  the  figure  of  a  female  poured  it  from  a 
pitcher. 

From  tho  facility  of  applying  water  as  a  motive  agent  another  feature 
was  added.  Various  automata  were  put  i^^  motion  by  mechanism  con 
cealed  in  the  base  or  pedestal  from  which  the  fluid  issued — figures  o^ 
men  blew  trumpets  and  played  on  organs,  and  automaton  birds  warbled 
forth  notes  on  aojacent  trees.  (Such  devices  are  described  by  Heron.) 
All  the  senses  were  often  gratified  at  these  fountains ;  the  sultry  atmo- 
sphere was  cooled  and  rendered  grateful  to  the  feeling-— the  sparklibg 
liquid  quenched  the  thirst — sight  was  gratified  in  contemplating  the  design 
and  execution  of  the  whole,  and  noticing  the  ever-changing  forms  assumed 
by  the  moving  fluid — tie  pleasure  derived  from  the  sound  of  falling  water 
has  ever  been  noticed  by  poets— and  not  to  forget  the  sense  of  smelling^, 
in  those  fountains  that  were  designed  only  to  nKxierate  the  temperature  of 
the  air,  the  water  was  often  petfumcd. 
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Tho  taste  of  ord  landscape  gardeners  for  fountains  and  cascades,  ser- 
pentine streams,  and  other  "  piecew*  of  water-works**  although  derived 
from  the  East,  had  its  origin  in  nature.  '*  Even  as  Paradise  itself  (say's 
^'unfTer)  must  have  been  deemed  an  immodelled  and  imperfect  plan,  had 
It  not  been  watered  by  the  same  Omnicient  hand  which  first  made  it,  so 
o'.r  gardens  and  Belds,  the  nearest  epitomy  and  resemblance  to  that  happy 
plac  *  which  is  to  be  met  with  here  below,  cannot  be  said  to  be  any  way 
perfect  or  capable  of  subsisting  without  it."  These  men  contemplating 
the  >^  )r  d  as  a  garden  endeavored  to  copy  it  in  miniature.-  They  con- 
structed lawns  for  deer  and  reared  diminutive  forests  for  game — they 
formed  lakes  and  stocked  them  with  fish — walks  were  made  on  the  margin 
n{  brooks,  torrents  fell  from  artificial  mountains,  and  tiny  streams  wound 
their  way  through  labyrinths  of  reeds  and  of  sedge.  Springs  were  seen 
bursting  out  of  rocks  rudely  piled  up,  as  if  thrown  together  by  nature, 
while  aquatic  birds  sported  in  basins  below.  But  they  went  further,  for 
ascending  jets  were  thrown  up  so  as  to  resemble  bundles  of  reeds,  othere 
were  crested  like  wheat  sheafs,  or  branched  out  like  trees.  Sometimes 
the  streams  were  directed  so  as  to  form  avenues  and  alcoves,  as  of  chrystal-, 
^  which  when  the  sun  shone  produced  a  magical  effect.     Even  hedges  and 

r  borders  of  gardens  were  imitated.     "  The  hedge  of  water  (says  Evelyn) 

in  forme  of  lattice- worke  which  the  fontanier  caused  to  ascend  out  of  the 
'  earth  by  degrees  exceedingly  pleased  and  surprised  me." 

^  Giving  the  reins  still  more  to  their  imaginations,  these  artists  were  hur- 

"  ried  into  singular  puerilities.    They  made  the  fluid  to  spout  from  the  sides 

of  ships,  the  mouths  of  birds>  and  other  incongruous  ^gures.  Swarms  of 
heathen  deities  were  also  pressed  into  their  service  ;  and  not  content  with 
a  Triton  blowing  water  through  his  shell,  or  Neptune  pouring  it  from  an 
urn,  fig^ires  of  the  latter  were  made  to  rise  from  the  bottom  of  deep  basins, 
and  drawn  by  spouting  dolphins  and  accompanied  with  Amphitrite  and  a 
legion  of  sea  nymphs,  .sailed  over  his  fluid  domains  to  allay  the  tempest 
that  called  him  up  ! 

Old  treatises  on  water-works  are  full  of  such  things.  In  "  Art  and 
Nature,"  Neptune  is  figured  "  riding  on  a  whale,  out  of  whose  nostrils,  a« 
also  out  of  Neptune's  trident  the  water  may  bee  made  to  spin  thorow  small 
pin  holes."  Other  devices  consisted  of"  divers  forms  and  shapes  of  birds, 
beasts,  or  fishes;  dragons,  swans,  whales,  flowers,  and  such  like  fretiy 
conceits,  having  very  small  pin  holes  thorow  them  for  the  water  to  spin 
out  at."  The  15th  and  16th  plates  of  Decaus'  Forcible  JMovements 
represent  the  mechanism  of  "  an  engin  by  which  Galatea  is  drawn  upon 
the  water  by  two  dolphins,  going  in  a  right  line  and  returning  of  herself, 
while  a  Cyclope  plaies  upon  a  flajolet."  And  the  17th  and  18th  plates 
shew  Nef/iune  drawn  by  sea  horses,  preceded  and  followed  by  Tritons, 
sailing  round  a  rock  on  which  Amphitrite  is  reposing,  and  from  which 
water  is  gushing  forth. 

'fountains  for  supplying  the  inhabitants  of  AwCTt*  and  cities  are  frequently 
mentioned  in  scripture,  but  it  is  difficult  to  discriminate  between  artiBcial 
ones  and  those  that  were  natural.  In  the  early  history  of  Rome  some  are 
mentioned.  The  news  of  the  victory  obtained  over  the  Tarquins  and  the 
people  of  Latium  was  <  onveyed  in  an  incredibly  short  time  by  two  young 
men,  paid  to  have  been  Castor  and  Poll'ix,  who  were  met  "  at  the  fountain 
in  the  rnarket-plaret**  at  which  their  hor:ses  foaming  with  sweat  were  drink- 
ing. (Plutarch  in  Paulus  ^milius.)  Statues  of  Jupiter  Pluvius,  of  the 
Egyptian  god  Canopus  and  others,  were  erected  over  fountains,  the  liquid 
issuing  from  different  and  sometimes  from  all  parts  of  the  bodies.  On  the 
dav  Ja  iu8  Cassar  was  assassinated,  he  was  implored  by  Calphurnia  in 
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consequence  of  a  dream,  to  remain  at  home  instead  of  meeting  the  sena 
tors  according  to  appointment,  a  circumstance  to  which  Shakespeare  thus 

alludes : — 

DeoMS.    Most  mighty  Cssar,  let  me  know  some  cause, 
Lest  1  be  laughed  at  when  I  tell  them  so. 

Ceuar.     Calphnrnia  here,  my  wife,  stays  me  at  home  ; 
She  dreuint  lo-iiight  she  saw  my  iUUue, 
Which  like  ajountniuj  with  a  humirtd  spouts, 
Did  run  pure  blood,  and  many  lusty  Rouians 
Came  smiling,  and  did  bathe  their  hauds  in  iL 

Pliny  (xxxi,  2.)  speaks  of  a  fountain  from  which  water  ran  "  at  many 
pipes**  From  excavations  made  at  Pompeii,  it  appears  that  in  almost  every 
Hreet  there  was  a  fountain,  and  that  bronze  statues,  through  which  the 
water  issued  were  common.  Several  have  been  found — four  or  five  are 
boys  of  beautiful  workmanship ;  the  fluid  issued  from  vases  resting  on  their 
shoulders  or  held  under  their  arms,  and  in  some  cases  from  masks.  Paint 
ings  of  elegant  fountains,  from  which  the  water  issued  in  perpendiculai 
jets  from  vases,  have  also  been  discovered  both  at  Herculaneum  aad 
Pompeii. 

A  circumstance  mentioned  by  Suetonius  in  his  Life  of  Claudius,  the 
successor  of  Caligula,  although  not  directly  related  to  this  part  of  our  sub- 
ject, shows  that  Roman  engineers  were  quite  at  homa  in  devices  analogous 
to  those  moving  and  musical  statues,  which  two  centuries  ago  were  5  0 
common  in  European  fountains.  Previous  to  drawing  off  the  waters  of 
the  lake  Fucinus,  the  emperor  exhibited  a  naval  coilflict,  in  which  19,000 
criminals  were  engaged  against  each  other  in  two  fleets.  An  imm^^ose 
multitude  of  spectators  attended.  Claudius  presided  dressed  in  a  cobt  of 
mail,  and  with  him  was  Agrippina  in  a  mantle  of  cloth  of  gold.  When 
the  two  Beets  were  ready  to  engage,  a  Triton  of  silver  rose  up  in  the  midst 
of  the  lahe  and  soumled  llie  cliarge. 

Of  modern  street  fountains  many  curious  ones  are  to  be  seen  in  Italy. 
France  and  Germany,  while  descriptions  of  others,  no  longer  extant,  may 
be  found  in  Misson,  Blalnville,  and  oiher  writers  of  the  last  century.  Thirty 
folding  plates,  representing  some  of  the  most  remarkable,  are  attached  to 
Switzer's  Hydrostatics.  A  colossal  statue  of  Jupiter  Pluvius,  in  a  singu- 
lar stooping  position,  was  designed  for  a  fountain  at  Tratolino,  by  John  of 
Bologna.  The  extremities  are  of  stone,  but  the  trunk  is  formed  of  bricks 
overlaid  with  cement  that  has  acquired  the  hardness  of  marble.  A  u am- 
ber of  apartments  are  constructed  within  it — one  in  the  head  is  lighted 
through  the  eye-balls,  which  serve  as  windows.  To  add  to  the  extraordi 
nary  effect,  a  kind  of  crown  is  formed  by  little  jetteux  that  drop  on  the 
shoulders  and  trickle  down  the  figure,  shedding  a  sort  of  supernatural 
lustre  when  irradiated  by  the  sun.  One  hand  of  the  figure  rests  on  the 
rock  as  if  to  support  itself,  while  the  other  Is  placed  on  the  head  of  a  lion, 
from  the  mouth  of  which  the  ptincipal -stream  issues. 

A  fountain  designed  by  Michael  Angelo  is  described  by  Sir  Henry 
Wotton  as  *  a  matchless  pattern,'  being  *  the  figure  of  a  sturdy  woman,  wash- 
ing and  winding  linen  clothes ;  in  which  act  she  tarings  out  tlie  water  tliat 
made  the  fountain,  which  was  a  graceful  and  natural  conceit  in  the  arti- 
ficer, implying  this  rule  that  all  designs  of  this  kind  should  be  proper.' 

Of  remarkable  fountains  at  Nuremberg,  Blainville  has  noticed  several. 
Of  one  he  observes,  '  Its  basin  is  an  octagon  in  the  middle  of  which  standi 
a  large  brass  pillar ;  from  its  chapiters  project  six  muzzles  of  lions,  each 
of  which  spurts  watei  into  the  air  out  of  a  twisted  pipe.  On  the  cornUh 
are  the  six  cardinal  virtues,  which  squirt  water  from  their  breasts.    On  tl  ia 
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pillar  etamls  a  less  ono  Rutcd,  upon  which  arc  six  infants,  every  one  of 
whom  leans  on  an  escutcheon  bearing  the  arms  of  the  empire,  those  of 
Nuremberg  and  other  towns  ;  they  are  all  of  tliem  sounding  trumpets,  out 
of  which  water  jets  in  plenty.  On  the  top  of  this  second  pillar  is  a  fine 
statue  of  Justice,  with  her  sw^ord  in  one  hand  and  her  balance  in  the  other; 
she  likewise  sends  waXer  from  her  breasts,  and  supports  herself  u])on  a 
large  ostrich  which  spouts  water  most  bountifully.  All  this  is  in  brass 
surrounded  with  an  iron  grate  carved  and  gilt."     (Travels,  i,  197.) 

Another  at  Augsburg  he  thus  describes  :  **  In  the  middle  of  the  basin  is 
a  double  pedestal,  at  the  foot  of  which  are  several  sphinxes  and  statues 
jetting  water  into  the  basin,  some  by  the  mouth,  others  by  their  breasts, 
and  three  by  trumpet-marines.  On  the  four  corners  of  the  first  pedestal 
are  four  fine  statues  big  as  life  ;  their  feet  rest  upon  four  very  large  shells 
into  which  they  pour  water,  some  out  of  vases,  others  in  another  fashion. 
Upon  the  top  of  the  second  pedestal  is  a  Hercules  combating  tlie  Lernean 
Hydra."     (Ibid.  291.) 

Old  writers  represent  Brussels  as  well  supplied  with  water  150  years 
a^o  as  Rome  itself.  There  were  twenty  pu})lic  fountains  at  the  corners 
of  the  principal  streets,  and  all  adorned  with  statues.  In  the  herb-market 
were  figures  of  four  beautiful  females  "  squeezing  water  out  of  their 
breasts" — a  favorite  device,  and  another  equally  popular  was  adopted  in 
a  snVndid  fountain  near  the  Carmelite  church  in  the  same  city  :  **  Tout 
p)*es  de  cette  Eglise  est  le  Manneke-pis,  c'est  la  statue  d'un  gar^on,  clevee 
sur  ane  colonne  ;  du  haut,  de  laquelle  il  jette  de  Teau,  commc  s*il  pissoit, 
par  sa  pipe,  jour  et  nuit,  dans  un  bassin  qui  est  au  pied  de  la  colonne. 
C*^st  une  des  sept  merveilleuses  fontaines  de  la  ville."  (Le  Curieux 
Anti(]uaire,  tome  i,  175.) 

Shakespeare  often  alludes  to  the  figures  of  old  English  fountains.  In 
Winter's Talfe,  Act  iv,  Scene  I,  he  compares  the  old  shepherd  to  "  a  weather 
bitten  conduit  of  many  king's  reigns  ;"  that  is,  to  a  statue  from  which  the 
water  flowed.  Henley  in  commenting  on  the  passage  observes  :  "  Con- 
duits representing  a  human  figure  were  heretofore  not  uncommon.  One 
of  this  kind,  a  female  form,  and  weather  beaten  still  exists  at  Hoddei^don  in 
Herts."  In  As  You  like  It,  Rosalind  says,  .she  will  weep  **  like  Diana  in 
the  fountain" — an  allusion  to  that  erected  at  Paul's  Cross,  where,  after  the 
religious  images  had  been  destroyed,  (see  page  106,)  **  there  was  set  up 
a  curious  wrought  tabernacle  of  gray  marble,  and  in  the  same  an  alabaster 
image  o£  Diana,  and  water  conveyed  from  the  Thames,  prilling  from  h/^r 
naked  breast," 

IT^ayton,  a  poet  contemporary  with  Shakespeare,  alludes  to  fountuns 
and  their  basins  in  his  Quest  of  Cynthia. 

At  length  I  on  a  fountain  light, 

WhoAO  brim  wiUi  pinka  was  platted, 
Th«  bankri  with  dafTodilies  dight 

With  graan,  like  tleave  was  matted. 

And  Spencer  in  the  Fairy  Queen — 

And  in  the  midat  of  all  a  fonntaine  ftood, 
Of  richest  siibitance  that  on  earth  might  bee, 

8o  pure  and  shiny,  that  the  silver  flood 
Through  every  channel  running  one  might  swi. 

Fountains  have  always  been  indispensar«e  adjuncts  m  oriental  gardaa, 
ar;d  they  doubtless  formsd  conspicuous  objects  in  those  of  Babylon.  The 
two  fountains  in  the  gardens  cf  Alcinous,  from  their  elevated  position  and 
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the  abunianco  of  water  they  poured  forth,  must  have  greatly  contributed 
to  the  beauty  and  effect  of  tiie  surrounding  scenery. 

Two  pleiiteoas  fountains  the  whole  proRpect  crown'd  : 

This  ttirongh  the  garden  leads  its  streams  around, 

Visits  fsach  plant  and  waters  all  the  ground  ; 

While  that  in  pipes  beneath  the  palace  fiows, 

And  thence  its  current  on  thd  town  bestows.         Ody.  vii.     Papa. 

The  younger  Pliny's  description  of  his  Tuscan  villa  contains  the  only 
detailed  account  extant  of  an  ancient  Roman  garden.  As  might  be  sup- 
posed, fountains  and  jets  d*eau  fref|Ui»r;*ly  occur.  The  front  of  the  house 
J:icod  the  south  and  had  several  porticos.  The  terrace  was  embellidhedi 
with  hedges  of  box,  and  the  lawn  overspread  with  the  soft  acanthus.  At 
one  end  of  the  front  portico  a  dining  room  opened  on  the  terrace,  and 
opposite  the  centre  of  the  portico  there  was  a  small  area  shaded  by  four 
plane  trees,  "  in  the  midst  of  which  a  fountain  rises,  from  whence  the 
water  running  over  the  edges  of  a  marble  basin,  gently  refreshes  the  sur- 
rounding plane  trees  and  the  verdure  underneath  them."  In  the  same 
vicinity  he  describes  "  a  little  fountain  playing  through  several  small  pipes 
into  a  vase."  S[)eaklng  of  the  view  from  the  front  windows  of  a  spacious 
chamber,  he  observes,  they  look  **  upon  a  cascade,  which  entertains  at  ones 
both  the  eye  and  the  ear,  for  the  water  dashing  from  a  great  height  foams 
over  the  marble  basin  that  receives  it  below." 

After  mentioning  bathing  rooms  and  other  apartments,  walks,  meadows, 
groves,  trees,  &c.  Pliny  continues — "  In  one  place  you  have  a  little  mea- 
dow, in  another  the  box  is  cut  into  a  thousand  different  forms,  someumes 
into  letters^  expressing  the  name  of  the  master,  sometimes  that  of  the  artist ; 
whilst  here  and  there  little  obelisks  rise,  intermixed  alternate  with  fruit 
trees ;  when  on  a  sudden  in  tfie  midst  of  this  elegant  regularity  you  are 
surprised  with  an  imitation  of  the  negligent  beauties  of  rural  nature.  In 
the  centre  is  a  spot  surrounded  with  a  knot  of  dwarf  plane  trees.  Beyond 
these  is  a  wall  planted  with  the  smooth  and  twining  acantiius,  where  the 
trees  are  also  cut  into  a  variety  of  names  and  sha[)es.  At  the  upper  end 
IS  an  alcove  of  white  marble  shaded  with  vines,  supported  by  four  small 
Carystian  pillars.  From  the  bench  [or  triclinium,  a  species  of  couch  on 
which  the  Romans  reclined  to  eat]  the  water  gushing  through  severa- 
little  pipes,  as  if  it  were  pressed  out  by  the  weight  of  tlie  persons  who 
repose  themselves  upon  it,  fulls  into  a  stone  cistern  underneatli^  whence  it 
is  received  into  a  fine  polished  marble  basin,  so  artfully  contrived  that  it 
is  always  full  without  ever  Dverflowing.  When  I  sup  here  this  basin 
serves  for  a  table,  the  largest  <jort  of  dishes  being  placed  round  the  margin, 
while  the  smaller  ones  swim  about  in  the  form  of  little  vessels  and  water 
fowls.  Corresponding  to  this  is  a  fountain  which  is  incessandy  emptying 
and  filling ;  for  the  water  which  it  throws  to  a  great  height,  falling  hack 
into  it,  is  by  means  of  two  openings  returned  as  fast  as  it  is  received*^ 
This  must  have  been  either  a  modification  of  Heron's  fountain,  (No.  163,) 
in  which  the  water  would  appear  to  be  returned,  or  some  concealed  force 
pump  threw  it  back. 

The  practice  of  eating,  and  even  of  sleeping,  in  gardens  during  the 
summer  months,  has  always  been  more  or  less  common  in  the  East.  In 
Solomon's  Song  it  is  obviously  alluded  to.  **  Thou  that  dwellest  in  the 
j^ardens,"  that  "  foedeth  among  the  lilies,  in  a  fountain  of  gardens,"  or 
rather  a  garden  of  fountains.  Indeed  a  great  part  of  this  song  seems  to 
refer  to  that  season,  (and  anxiety  for  its  aporoach,)  when  the  custom  was 
for  the  wealthy  to  remove,  like  Pliny,  to  tiheir  country  villas.  It  was  very 
common  with  the  rich  Greek«  and  Romans,  as  wel!  8j$  with  ths  Jews  a  id 
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other  Asiatics,  "  when  the  winter  was  past,  the  rain  over  and  gone ;  wher 
the  flowers  appeared  on  the  earth,  and  the  time  of  the  singing  of*  birds 
was  come,  and  the  voice  of  the  turtle  heard  in  the  land  ;  when  the  fig  tree 
out  forth  her  green  figs,  and  the  vines  with  tlie  tender  grapes  gave  a  good 
smell" — to  hie  away  to  their  vlll&s,  and  in  the  figurative  language  of  the 
Cast,  to  dwell  in  gardens  and  foed  among  liLes.  The  custom  is  based  on 
some  of  the  finest  feejint^^s  of  cur  nature,  and  h  is  on  such  occasions  only 
tliat  we  can  r.ealize  some  of  the  most  exquisite  pleasures  which  our  pn»- 
gen'tors  in  Eden  enjoyed.  Motezuma,  we  are  informed  by  Soils,  took 
peculiar  pleasure  in  supping  in  his  gardens,  iii  vhich  were  numaousjbun 
tains  and  flowers  "  of  delightful  variety  and  fragrance  " 

That  the  Jews  had  fountains  in  their  gardens  and  often  washed  in  the 
basins  during  the  heats  of  summer,  we  learn  ^:om  the  accounts  of  Bath- 
shelia  and  Susannah.  The  fountains  doubtless  beinof  shaded  with  foliasre 
and  trees  like  those  mentioned  by  Pliny. 

Cato  the  censor,  that  terrible  scourge  of  the  luxurious  Romans,  ren- 
dered himself  generally  obnoxious  by  the  reformations  he  introduced. 
Among  other  measures,  **he  cut  off  the  pipes  by  which  people  conveyed 
water  from  the  public  fountains  into  their  houses  and  gardens**  probably 
on  account  of  its  excessive  waste  in  ornamental  water- works.  Plutarch 
has  quoted  an  epigram,  from  which  we  learn  that  the  physiognomy  of  this 
celebrated  man,  like  that  of  Socrates  and  Phocion,  was  not  very  pre- 
possessing. 

With  eyes  no  grey  and  hair  Bf  red, 

WitK  tuskff  KO  sharp  and  keen, 

TL  a  '1  fright  the  shades  when  tnou  art  dead, 

And  iieJl  wont  let  thee  in.  Langhome^s  Trans 

To  give  an  account  of  modem  street  and  garden  fountains  would  be 
an  endless  task.  J)e6criptions  of  the  moat  remarkable,  as  those  in  the 
gardens  of  Frescati  and  Versailles,  are  too  commcr.  to  need  repetition  here. 
Wq  shall  therefore  merely  notice  a  few  singular  ones. 

There  is  no  doubt  that  the  general  features  and  essential  parts  of  ancient 
'ancy  water-works  were  preserved  in  those  of  modern  Italy,  whence  they 
were,  including  water-organs,  spread  ovet  the  rest  of  Europe.  A  sketch 
of  those  in  the  gardens  at  Pratolino  will  give,  says  an  old  writer,  a  general 
idea  of  other  Italian  works  of  the  kind.  "  Besides  Tritons,  Cupids,  and 
other  statues  which  on  a  sudden  cover  you  with  water,  other  streams 
isfiue  from  between  rows  of  trees.  &c.  You  are  led  into  a  grotto,  of 
which  the  roof  alone  is  tiaid  to  have  cost  30,0C0  ducats,  being  all  of  coral, 
mother  of  pearl,  and  other  costly  materials ;  the  walls  are  lined  with  the 
same,  and  tne  pilasters  adorned  with  an  organ,  which  by  means  of  water 
plays  several  tunes.  Here  your  eyes  are  diverted  with  a  great  variety 
ct  moving  figures  :  the  god  Pan  strikes  up  a  melodious  tune  with  his 
r.couth,  at  the  sight  of  his  mistress  standing  before  him.  In  another  grot, 
an  angel  carries  a  trumpet,  puts  it  to  his  mouth,  and  gives  you  a  tune  upon 
:L  In  another,  a  clown  carries  a  dish  of  water  to  a  serpent  ,  which  lifts  up 
Its  head  and  drinks  it.  Here  you  have  a  mill  grinding  olives — in  another 
a  paper  mill  with  the  hammers  going.  The  grotto  of  Galatea  shows  her 
comin"»  out  of  a  door  in  a  sea  chariot  with  two  nymphs,  and  having  sailed 
a  while  upon  the  water  she  returns  the  way  she  came.  In  the  basin  is  a 
large  dolphin  carrying  a  naked  woman  on  his  back,  and  swimming  about 
with  several  other  figures,  all  moving  as  if  alive.  In  another  place,  you 
•':^c  8.  cupi'us  round  table  tit  to  receive  fifteen  guests,  having  a  fountain 
placing  xn  tns  midst,  while  other  streams  play  between  every  two  persona 
and  (Supply  them  with  water  to  cool  their  wine.     The  tvoman  of  Samariu 
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aopeard  next,  coming  out  of  her  house  with  two  bucketSi  and  having  filled 
them,  goes  back  the  same  way.  Meantime  you  are  diverted  with  smiths 
thumping,  mills  going,  and  birds  chirping  an  tret^ — all  which  are  set  to 
work  by  the  water.*' 

In  Dr.  H.  Brown's  Travels,  (Lond.  1685,)  are  figures  of  one  or  two 
ancient  fountains — one,  in  CaHnthia,  of  the  form  of  a  aragon,  from  whose 
mouth  the  water  issue*!. 

In  the  year  916,  an  embassy  proceeded  from  Constantinople  to  Bagdad 
and  was  received  with  much  pomp  by  the  Caliph  Moctauer.  "  In  the 
midst  of  the  great  hall  in  which  he  gave  audience  to  the  ambassadors 
was  a  tree  of  massy  gold^  which  had  (amongst  others)  eighteen  principal 
branches,  whereon  were  birds  of  gold  and  silver,  which  clapped  their 
wings,  and  warbled  various  notes." — (Martigny's  History  of  the  Arabians, 
iii,  323.) 

Marco  Paulo,  in  the  13ih  century,  mentions  a  ibuntain  in  the  gardens 
of  the  "  Old  man  of  the  Mountain/'  which  gave  out  wine,  milk,  and  a 
mixture  of  honey  and  water. 

Rubriques,  in  the  same  century,  saw  a  silver  tree  at  the  court  of  the 
Great  Khan,  which  poured  forth  milk  and  wines  of  diflferent  kinds.  At 
the  foot  were  four  lions,  through  each  of  which  passed  a  tube.  On  the 
summit  was  the  figure  of  an  angel  holding  a  trumpet,  and  which  by  some 
interior  mechanism  was  made  to  sound.  It  was  the  work  of  a  French 
goldsmith. 

This  predilection  for  trees  as  ornaments  for  fountains  and  gardens  seems 
to  have  been  of  a  more  ancit)nt  date.  The  palm  tree  of  brass,  which  was 
consecrated  to  Apollo  by  Nicias,  and  placed  in  a  field  or  garden  purchased 
by  him,  probably  served  for  a  fountain.  It  must  have  been  of  enormous 
dimensions,  since  a  fragment  that  was  blown  off  by  a  storm  of  wind,  "  fall- 
ing upon  a  large  statue  demolished  it."  (Plutarch  in  Nicias.)  The 
pedestal  of  this  statue  has  been  discovered.  A  golden  statue  of  Pallas, 
JPlutarch  observes,  was  erected  in  the  temple  of  Delphi  on  a  palm  tree 
of  brass,  which  had  golden  fruit.  There  are  two  other  celebrated  trees 
mentioned  in  history,  but  their  uses  are  not  indicated.  We  learn  from 
Herodotus,  vii,  27.  that  Pythius,  a  native  of  Lydia,  presented  Darius  with 
a  plane  tree  o^ gold.  It  was  worth  5J  millions  sterling  according  to  Mont- 
faucon.  The  golden  vine  of  Aristobolus  was  valued  at  400  talents.  It 
was  carried  through  Rome  in  Pompey's  third  triumph,  and  afterwanl 
deposited  in  the  temple  of  Jupiter  Capitolinus.  Another  one,  which 
Alexander  took  at  the  sack  of  Thebes,  wa.s  preserved  at  Rome  in  the 
temple  of  Apollo  in  Pliny's  time.  This  author  has  a  remark  on  the  decay 
of  the  art  of  working  brass,  which  may  here  be  noticed.  He  observes, 
in  former  times  the  artists  worked  to  vtmfame  and  glory,  "  but  now  as  in 
all  things  else  for  gain  and  lucre  only,"  (xxxiv,  chap.  2.) 

One  of  the  fountains  at  Versailles  was  in  the  form  of  an  oak  tree,  from 
which  the  liquid  was  dispersed  in  all  directions.  (It  is  figured  in  one  of 
the  plates  attached  to  Swilzer's  work.) 

Among  the  garden  water- works  at  Chats  worth  were,  "  1.  Neptune  with 
his  nymphs,  who  seem  to  sport  in  the  waters,  let  out  by  a  cock  in  several 
columns,  and  falling  upon  sea-weeds ;  2.  a  pond  where  sea-horses  con- 
dnually  roll ;  3.  a  tree  of  copper,  resembling  a  willow,  and  by  the  turning 
of  a  cock  every  leaf  drops  water,  which  represents  a  shower;  4.  a  grove 
of  cypress  and  a  cascade  with  two  sea  nymphs  at  top  with  jars  under 
their  arms  ;  5.  at  the  bottom  of  the  cascade  a  pond  with  an  artificial  rose^ 
through  which  by  the  turning  of  a  cock  the  water  asce  ids,  and  hanga  iq 
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the  air  in  the  figure  of  that  flower ;  6.  another  pond  with  Morcury  point* 
ing  at  the  gods  and  throwing  up  wator." — Lond.  Mag.  1752,  p.  7. 

Bell,  in  his  account  of  the  Russian  embassy  to  Ispahan,  notices  those  in 
the  gardens  of  the  Scah.  In  front  of  the  Hall  of  Audience  was  "  a  large 
fountain  of  p'j.'*-  vvater,  which  springs  upward  in  three  pipes  and  falls 
into  a  basir.  filled  with  roses,  jessamines,  and  many  other  fine  flowers." 

In  one  of  the  public  gardens  of  Brussels,  among  other  water- works  was 
an  hydraulic  organ. — (Le  Curieux  Anticjuair^,  tome  i,  175.) 

The  old  device  of  artificial  music  combined  with  fountains,  is  thus  men- 
tioned in  the  17th  Proposition  of  Worcester's  Century  of  Inventions : — 
"  How  to  make  upon  the  Thames  a  fioating  garden  of  pleasure,  with  trees, 
flowers,  banqueting  houses  and  fountains,  stews  for  all  kinds  of  fishes,  q 
reserve  for  snow  to  keen  wine  in,  delicate  bathing  places  and  the  like ; 
with  music  made  with  mills,  and  all  in  the  midst  of  the  stream  where  it  is 
most  rapid. 

Fountains  were  often  placed  within  ancient  public  buildings  as  well  as 
r.ear  them.  They  were  common  appendages  to  temples,  and  the  custom, 
as  mentioned  in  our  first  book,  is  still  retained  by  the  Turks  and  other 
Asiatics.  Henry  Blount  visited  Adrianople  in  1624,  and  in  describing 
the  mosque,  says,  there  were  "  (enne  conduits  with  cocks  on  the  north 
side,  and  as  many  on  the  south  for  people  to  wash  before  divine  ser- 
vice ;  to  which  use  also  on  the  west  side  in  the  church-yard,  are  thirty  or 
forty  cocks  under  a  fountain,  so  sumptuous,  as  excepting  one  at  Palermo. 
I  have  not  seen  a  better  in  Christendome."— {A  Voyage  into  the  Levant, 
Lond.  1638.) 

During  hot  weather,  Augustus  the  Roman  emperor  slept  (observes 
iiueronius)  with  his  chamber  doors  open,  "and  frequently  in  a  portico  with 
waters  playing^  around  him." 

"  In  the  middle  of  the  sc  uare  of  the  Coliseum  is  a  pretty  remarkable 
piece  of  antiquity,  (says  Biainville,)  though  very  little  minded  by  most 
people.  Here  stood  anciently  a  beautiful  fountain,  adorned  with  the  finest 
marbles  and  columns ;  and  on  the  top  was  a  bronze  statue  of  Jupiter, 
from  which  issued  great  plenty  of  water,  as  may  be  seen  on  the  reverse 
of  one  of  Titus'  iiedals.  They  called  it  Mcta  Sudans  :  tnctat  because  it 
was  made  in  the  form  of  a  goal ;  and  sudans ^  sweating,  because  o^  the 
water  running  from  the  several  parts  of  the  statue.  This  fountain  was  of 
great  use  both  to  the  spectators  and  the  gladiators  in  the  amphitheatre  to 
refresh  themselves.  Pope  Alexander  VII.  caused  it  to  be  repaired,  but 
since  his  time  it  has  been  entirely  neglected." — (Travels,  vol.  ii,  535.) 

The  theatres  of  the  Romans  were  fitted  up  with  numerous  concealed 
pipes  that  passed  in  every  direction  along  the  walls,  and  were  connected 
to  cisterns  of  water  or  to  machines  for  raising  the  latter.  Certain  parts  of 
the  pipes  were  very  minutely  perforated,  and  were  so  arranged  that  by 
turning  one  or  more  cocks,  the  liquid  escaped  from  them  and  descended 
upon  the  audience  in  the  form  of  dew  or  extremely  fine  rain.  This  effec- 
tually cooled  the  heated  air,  and  must  have  been  exceedingly  refreshing 
to  the  i-mmense  multitudes,  especially  in  such  a  climate  as  Italy.  On 
some  occasions  the  water  was  scented  with  the  richest  perfumes.  Thus 
Hadrian,  in  honor  of  Trajan  his  father,  commanded  water  impregnated 
with  saffron  and  balsam  to  be  sprinkled  on  the  people  at  the  theatres. 
The  dining  rooms  of  Nero's  golden  house  were  ceiled  in  such  a  manner, 
that  the  attendants  could  make  it  rain  either  flowers  or  liquid  perfumes. 
At  one  feast  \ 00,000  crowns  were  expended  in  perfumed  waters.  Sue- 
tonius says  they  w<»re  discharged  from  **  secret  pipes.**  The  statues  that 
tdorned  the  interior  of  the  theatres  were  made  to  sweat  perfumes  on  the 
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Audience.  This  was  accompUslied  by  making  them  hollow,  drilling"  in 
them  an  innnite  number  of  small  holes,  and  connecting  them  by  secret 
rabes  to  reservoirs  of  scented  waters.  The  practice  is  alluded  to  by  severai 
acthors,  ard  among  others  by  Lucan  in  the  following  passage  : — 

As  when  mighty  Rome's  spectators  meet 
In  the  full  theatre's  capacioas  seat; 
At  once  by  secret  pi^es  and  channels  fed 
Rich  tinctures  gash  from  every  antique  head  ; 
At  once,  ten  thousand  saffron  currents  flow, 
And  rain  their  odors  on  the  crowd  below. 

Sometimes  rich  people  left  by  their  wills  sums  of  money  to  fumiah 
these  perfumes  and  the  apparatus  for  dispersing  them.  An  example  Is 
given  oy  MafFei  in  his  *  History  of  Ancient  Amphitheatres.'  (Lond.  1730, 
p.  168.)  A  Roman  lady  bequeathed  funds  to  celebrate  a  hunting  of  wild 
beasts  in  the  amphitheatre,  and  she  ordered  that  salientes  should  be  made. 
This  term  Maffei  understood  to  mean  "  those  hidden  channels  or  pipes  by 
which  with  wonderful  artifice,  [as  is  twice  mentioned  by  Seneca,J  they 
caused  odoriferous  liquid  to  spring  up  from  the  bottom  to  the  top  of  the 
amphitheatre,  which  then  jetted  and  spread  itself  in  tlie  air  like  a  verv 
fine  shower  of  rain."  \ 

The  custom  might  be  adopted  with  advantage  in  modern  theatres  :  it 
would  render  visits  to  these  crowded  places  more  agreeable  and  less  in- 
jurious to  health.  Why  can't  the  managers  announce  it  in  their  "bills,** 
among  other  inducements,  just  as  their  predecessors  did  eighteen  centuries 
since  '{  One  of  the  notices  of  a  public  entertainment  in  Pompeii  has  been 
found  written  on  the  walls  of  a  bath  in  that  city.  It  is  in  these  words  : — 
"  On  occasion  of  the  dedication  of  the  baths,  at  the  expense  of  Cnseus 
Alleius  Nigidius  Maius,  there  will  be  the  chase  of  wild  beasts,  athletic 
contests,  sprinkling  of  perfumes ^  and  an  awning.*' — (Pompeii,  vol.  i,  148.) 

Fountains  for  cooling  the  air  should  constitute  part  of  the  ordinary  ap- 
pendages to  churches,  as  much  as  apparatus  for  heating  and  lighting  them. 
They  should  be  considered  by  us,  as  they  were  by  the  ancients,  essential  to 
the  health  as  well  as  comfort  of  large  assemblies  of  people.  They  certainly 
are  as  necessary  here,  especially  in  the  Southern  states,  as  they  were  m 
southern  Europe.  Their  construction  is  so  simple,  their  modificarions  so 
various,  their  application  so  universal,  and  their  effects  so  beneHcial  and 
cheap,  that  it  is  surprising  they  have  not  been  introduced.  We  don't  see 
why  a  person  might  not  be  as  innocently  employed  in  pumping  water 
during  worship  to  supply  a  fountain  or  jet  d'eau,  as  in  pumping  air  into  the 
pipes  of  an  organ.  But  it  is  unnecessary,  for  where  the  fluid  would  not 
rise  sufficiently  high  from  public  reservoirs  or  pipes  that  pass  through  the 
streets,  it  might  be  elevated  into  a  reservoir  in  the  roof  the  day  previous 
to  the  sabbath.  In  this  use  of  fountains  ancient  architects  were  clearly 
in  advance  of  ours. 

The  custom  of  cooling  the  air  in  private  apartments  is  of  great  antiquity 
in  Asia,  and  is  still  kept  up  in  the  dwellings  of  princes.  See  a  plate 
in  Generale  Histoire,  tome  xiti,  p.  311,  representing  a  private  apartment 
in  the  seraglio  of  one  of  the  generals  of  Aurengzebe.  An  octagon  basin 
with  a  handsome  jet  is  in  the  centre  of  the  room,  with  in'ages  of  birds 
floating  in  the  water.  On  the  borders  of  the  basin  are  trays  with  refresh- 
ments, and  the  company  reclining  around  on  carpets,  much  in  the  same 
manner  in  which  Pliny  represents  himself  and  friends  feasring  arouod  a 
fountain  in  his  garden. 

Henry  Blount  describing  one  of  the  palaces  at  Cairo  in  1624,  observes, 
^  In  the  chiefe  dining  chainber,  according  to  the  capacitie  o^  the  roome^  ie 
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made  one  or  more  richly  gilt  fjuntains,  which  th.-aueh  secret  pipes  sup- 
plies in  ihe  middle  of  the  roome  a  daintie  poole,  which  is  so  neatly  kept, 
the  water  an  cleare,  as  makes  apparent  the  exquisite  mosaik  at  the  bat* 
tomo      Herein  are  preserved  fish  which  have  often  taken  bread  out  of  my 

SorLntimes  the  jet  is  made  to  fall  into  basins  filled  with  flowers,  the 
odor  of  which  is  dispersed  in  the  spray.  Bell  describes  the  ball  of  audi- 
ence at  Ispahan  as  a  most  magnificent  room,  lined  with  mirrors  of  various 
sizes,  the  floor  covered  with  carpets  of  silk  interwoven  wilh  branches 
and  foliage  of  gold  and  silver.  In  the  centre  were  two  basins  in  which 
several  pipes  spouted  water  that  fell  among  roses  and  other  flowers  and 
produced  a  fine  effect.  Another  fountain  at  the  entrance  threw  the  water 
so  high  that  it  fell  like  a  thick  rain  or  dew  which  concealed  the  Schah  from 
those  on  the  opposite  side. 

See  remarks  on  tlie  introduction  of  portable  founltuns  into  ^cafc  dwcl- 
linKs  at  page  361. 
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That  ancient  farmers  occasionally  conveyed  water  through  pipes  into 
tields  for  the  use  of  their  stock,  as  is  now  sometimes  done,  appears  from 
the  above  cut,  from  a  basso  relievo  preserved  in  one  of  the  muaeumB  at 
Rome. — (D'Aeincourt's  History  of  the  Fine  Arts.     Sculp.  Plate  I.) 

It  has  already  been  remarked,  (pp.  163,  170,)  that  ihe  old  Mexicans  and 
Peruviana  had  fountains,  from  which  the  fluid  issued  through  figures  of 
snakes  and  crocodiles. 

There  is  reason  to  believe  that  three  end  four  way-cocka  were  anciently 
employed  in  fountains  ;  they  are  to  bo  found  in  the  old  water-works  o( 
Italy  and  France  .-—(See  L'Art  du  Plombier  in  Arts  et  M^tieKs,  <to.  ed't. 
p.  6C0,  plar«he  xiii.) 
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CHAPTER    VIII. 

<li»BYnRA  amdHydkavlic  ORCAWSt  Time  mbMured  bj  the  kuii— Obelkk*— Dial  l«  S'yraeiit*— 
Time  measured  in  the  night  by  slnw  matches,  eandlea,  &c.->Mode8  oraanouncinf  thtf  hours— *'Jftei  ol 
Ihe  clock'*— Cltp«ydrae— Their  curious  origin  in  Efyptp— Their  variety— Used  by  the  Slameao,  Hindooib 
ChideEA,  Ate— Ancient  hour-gIaue»— Indexes  to  water-clocks— Sand  docks  in  China— Masicai  clock  of 
Piato — Clock  carried  in  triumph  by  Pompey— Clepsydra  of  Ctesibius— Clock  presented  to  Charles  V. 
M'Tderu  Clepvydrse- Hour-glasses  in  coffins — Dial  of  the  Peruvians.  Hydraulic  Orcans:  Imperfectly 
described  by  Heron  and  Vitruvius — Plato,  Archimedes,  Plutarch,  Pliny,  Suetonioi*,  St.  Jeromo— Organa 
sent  from  Constantinople  to  Pepin — Water  organs  of  Louis  Debounaire — A  wottan  expired  in  ecstacioa 
ariile  hearing  one  play— Organs  made  by  monks— Old  Regal. 

Clefsydrjs  and  water  organs  are  not  strictly  included  in  the  general 
design  of  this  volume ;  but  as  they  are  ancient  devices  in  which  watei 
performed  an  important  part,  and  as  they  undoubtedly  contributed  to  the 
improvement  of  hydraulic  machinery,  and  moreover  gave  rise  to  clocks 
and  watches,  we  were  unwilling  to  omit  them. 

Sun-dials  were  the  earliest  means  employed  to  note  the  lapse  of  time. 
Country  people  in  all  ages  have  marked  the  passing  hours  by  the  shadow 
of  a  tree,  a  post,  the  corner  of  a  house,  or  any  other  permanent  object ; 
^iiese  were  natural  gnomons,  while  the  ground  upon  which  their  shadows 
were  thrown  served  as  dials.  In  cities,  artiBcial  objects  were  necessary  ; 
hence  the  obelisks  of  the  Egyptians  and  other  ancient  people.  These  gno- 
mons were  placed  in  open  ana  conspicuous  places  for  public  convenience, 
and  many  of  them  from  their  great  elevation  threw  their  shadows  to  a 
considerable  distance.  Sometimes  their  pedestals  formed  magnificent 
buildings.  When  Dion,  after  delivering  the  Syracusans,  spake  to  them 
on  the  tyranny  of  Dionyslus,  Plutarch  says,  he  stood  upon  a  lofty  sun-dial 
erected  by  the  tyrant :  "  at  first  it  was  considered  by  the  soothsayers  ft 
good  omen  that  Dion,  when  he  addressed  the  people,  had  under  his  feet 
the  stately  edifice  which  Dionysius  had  erected  ;  but  upon  reflecting  that 
this  edifice  on  which  he  had  been  declared  general,  was  a  sun-dial,  they 
were  apprehensive  his  present  power  might  fall  into  speedy  decline.'* 
"  The  dial  of  Ahaz"  seems  to  have  been  a  public  building  of  a  similar 
description.  The  governors  of  provinces  in  (Jhina  assemble  on  the  "  time- 
telling  towers"  on  public  occasion.  (Atlas  Chinensis  of  Montanus,  p.  594.) 
The  Peruvians  had  pillars  erected  for  measuring  time  by  the  sun.  Small 
dials  were  anciently  made  of  brass  or  other  metals  and  placed  upon  columns, 
or  were  attached  to  public  buildings.  Vitruvius  has  described  several 
in  bonk  ix.  of  his  Architecture,  and  among  them  one  by  Berosus  the 
Chaldean. 

But  dials  are  only  serviceable  while  the  sun  shines.  During  cloudy 
weather  and  after  sun-set  they  arc  useless ;  otheJSdevices  are  therefor© 
i«5quired  to  mark  the  fleeting  hours.  Of  ancient  contrivances  for  this  pur- 
pose there  were  two  whose  action  depended  one  upon  fire  and  the  other 
on  water,  viz :  by  burning  slow  matches,  powder,  or  candles,  and  by 
water-clocks.  The  former  were  used  by  the  Anglo-Saxons,  (see  p.  350,) 
ind  arc  still  common  in  Japan,  and  probably  other  Asiatic  countries 
N'teiihofl*,  in  his  account  of  the  Dutch  embassy  to  China,  says,  the  Chinese 
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havo  iMtruments  to  show  the  hour  of  the  day  which  operate  by  Bre  and 
water.  Those  that  depend  upon  Hre  "  are  made  of  perfumed  ashes." 
(Ojilby's  Trans.  1673,  p.  159.)  This  is  too  vague  to  convey  an  idea  ot 
their  construction  ;  but  from  Thunberg's  account  of  those  he  saw  in  Japan, 
we  at  once  learn  what  they  were.  For  the  mensuration  of  time,  observes 
that  enlightened  traveler,  the  Japanese  use  the  bark  of  the  skimmi  (*mise 
tree)  finely  powdered,  A  box,  12  inches  long,  being  filled  wit^h  ashes, 
small  furrow  s  are  made  in  the  ashes  from  one  end  of  the  box  to  the  other, 
and  so  on  backwards  and  forwards  to  a  considerable  numl>er.  In  these 
furrows  is  strewed  fine  powder  of  skimmi  bark,  and  divisions  are  made 
for  the  hours.  The  powder  is  ignited  at  one  end  of  a  groove,  it  consumes 
very  slowly,  and  the  hours  are  proclaimed  by  striking  the  bells  of  the 
tempies.  (Travels,  iii,  228.)  Time  is  also  measured  m  Japan  by  burn* 
ing  matches,  twisted  like  ropes  and  divided  by  knots.  When  one  of  these 
after  being  lighted  has  burned  down  to  a  knot,  and  thereby  denoted  the 
lapse  of  a  certain  portion  of  time,  an  attendant  announces  it  by  a  certain 
number  of  strokes  on  bells  near  their  temples,  if  in  the  day  time  :  but  in 
the  might,  by  striking  two  pieces  of  wood  against  each  other. — (Ibid.  88.) 

In  ail  ancient  devices,  the  passing  hours  were  announced  by  men  ap- 
pointed for  the  purpose,  a  custom  still  continued  over  all  Asia.  Sometimes 
it  was  done  by  the  voice.  Thus  the  Turks  have  an  officer  (with  strong 
lungs)  on  the  top  of  every  mosque  who,  stopping  his  ears  with  his  fingers, 
proclaims  with  a  loud  voice  the  break  of  day,  noon,  three  in  the  afternoon, 
and  twilight.  Martial  the  Roman  satirist,  refers  to  a  similar  practice,  and 
Athenaaus  mentions  "  a  mercenarv  hour-teller."  Allusions  to  the  same 
custom  are  to  be  found  in  the  Bible — that  which  ye  have  spoken  in 
closets  "shall  be  proclaimed  upon  the  house  tops."  But  the  more  genera! 
mode  was  that  which  is  still  so  common  in  the  East,  viz.  by  striking  a  bell, 
drum,  pong,  or  some  other  sonorous  instrument,  and  distinguishing  the 
different  hours,  as  in  our  clocks,  by  the  number  of  strokes.  In  modern  ages 
in  Europe  before  the  striking  parts  of  town  clocks  were  invented,  men 
struck  the  hour  on  a  bell,  and  long  after  these  officers  were  dispensed  with 
figures  of  men  were  made  as  ornaments  to  perform  the  same  duty.  To 
these  "  Jacks  of  the  clock,"  Shakespeare  and  other  writers  of  his  age  often 
refer.  Such  clocks  are  still  extant :  the  one  attached  to  St.  Dunstan's 
church  near  Temple  Bar,  London,  is  oflen  mentioned  by  writers  of  the 
last  century,  and  we  believe  is  still  to  be  seen. 

Some  authors  attribute  the  invention  of  water-docks  to  Ctesibius,  and 
others  suppose  they  were  first  used  under  the  Ptolemies ;  but  both  are 
misjtakes :  they  were  doubtless  greatly  improved  by  the  Alexandrian 
mathematician,  and  probably  reached  the  acme  of  perfection  under  the 
successors  of  Alexander.  In  India,  Egypt,  Chaldea  and  China,  clepsydrsd 
date  back  bcjyond  all  records.  They  were  known  at  an  early  period  in 
(jS  recce.  Plutarch  mentions  them  in  his  life  of  Alcibiades,  who  nourished 
in  the  fifth  century  B.  C.  when  they  were  employed  in  the  tribunals  at 
Athens  to  measure  the  time  to  which  the  orators  were  limited  in  their 
addresses  to  the  judges.  Demosthenes  and  his  great  rival  u^schinca 
alludw  to  this  use  of  them.  Plato  had  water-clocks,  and  to  him  was  attri- 
buted their  introduction  into  Greece.  Plutarch  in  his  Philosophy,  obi«erve», 
that  Empedocles  illustrated  the  act  of  respiration  by  "  a  clepRidr<r  water 
iiour-glass."  (Opin.  «)f  Philos.)  Julius  Cnsar  found  the  Britons  in  pos- 
session of  them.  Pliny  (book  vii,  60.)  says,  men  announced  with  the  voice 
the  hours  from  the  shadow  of  the  sun,  and  that  Scipio  Nasica  set  up  the  first 
clepsydra  **  to  diviile  the  hours  of  both  day  and  night  equally,  by  water 
distilling  xni  dropning;^  out  of  one  vessel  into  another." 
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The  ancientfl  had  various  modifications  of  water-clocks,  some  wore  ex- 
ceedingly simple,  and  others  elaborately  constructed,  and  the  forms  ar«.l 
decorations  wonderfully  diversified ;  but  the  principle  was  more  or  lesii 
the  same  in  all,  viz.  water  trickling  through  a  minute  channel  from  one 
vessel  into  another.  The  instruments  were  made  of  various  materials 
from  glass  to  gold,  and  of  sizes  differing,  like  modern  clocks,  from  large 
ones  permanently  erected  for  public  use  to  such  as  were  carried  in  the 
hand. 

Valerianus,  who  wrote  in  the  16th  century,  says  the  priests  of  Egypt 
divided  the  day  into  twelve  hours,  because  the  cynocephalus,  a  sacred  ani- 
mal, was  observed  to  make  a  violent  noise  at  those  tinges,  and  to  void  urine 
as  often.  Cicero  mentions  a  tradition  of  Trismegistus  observing  the  same 
thing.  The  Egyptians,  therefore,  ornamented  their  water-clocks  with 
figures  of  apes,  and  some  were  of  the  form  of  those  animals  urinating ; 
hence  it  would  seem  that  this  singular  people  not  only  derived  enemas 
frCiU  studying  the  habits  of  the  ibis,  but  were  led  to  construct  clepsydrsd 
from  noticing  those  of  monkeys. 

As  it  is  impossible  to  give  anything  like  a  history  of  these  machines  m 
this  volume,  we  shall  notice  a  few  only,  but  sufficient  to  give  a  general  idea 
of  their  construction  and  variety.  Sometimes  an  empty  basin  with  a 
minute  opening  through  its  bottom  was  placed  floating  in  a  cistern  of 
water;  the  fluid  gradually  entering  filled  it  in  an  hour,  half  an  hour,  or 
some  other  determinate  time.  It  was  then  emptied  and  allowed  to  swim 
as  before  ;  as  soon  as  it  became  Blled,  a  gong  or  other  instrument  was 
sounded  for  the  information  of  the  public. 

"  The  Siamese  measure  their  time  by  a  sort  of  water-clock,  not  like  the 
clepsydra  of  old,  wherein  the  water  descended  from  above,  but  by  forcing 
it  upwards  through  a  small  hole  in  the  bottom  of  a  copper  cup  placed  in 
a  tub  of  water.  When  the  water  has  sprung  up  so  long  that  the  cup  ia 
full,  it  sinks  down,  and  those  that  stand  by  it,  forthwith  make  a  noise  with 
basons,  signifying  that  the  hour  is  expired."  (Ovington's  Voyage  to  Surac 
in  16S9,  p.  281.) 

The  ghurree  ul,  or  clepsydra  of  the  Hindoos,  consists  of  a  thin  brass  cup 
having  a  hole  in  the  bottom.  ''A  large  vessel  is  filled  with  water  and  this 
cup  placed  on  the  surface  ;  the  water  rises  through  the  hole,  and  when  it 
has  reached  a  height  marked  by  a  line  previously  adjusted,  the  watchman 
strikes  the  hour  with  a  wooden  mallet  on  a  pan  of  bell  metal." — (She* 
berl's  Hind,  v,  157.) 

In  other  devices,  time  was  measured  by  emptying  the  vessel.  Valeria- 
nus observes,  that  the  priests  of  Acanta,  a  town  beyond  the  Nile,  poured 
water  every  day  into  a  vessel,  by  the  dropping  of  which  through  a  small 
hole  they  measured  the  hours. — (Harris'  Lex.  Tech.) 

Dr.  Fryer,  wno  visited  India  in  the  17th  century,  observed  the  Hin- 
doos measuring  time  "  by  the  dropping  of  water  out  of  a  brass  basin."— 
(Travels,  1S6.) 

It  is  obvious  that  by  adapting  the  size  of  an  opening  in  the  bottom  of  a 
vessel,  the  entire  contents  of  the  latter  might  he  made  to  flow  out  in  a 
certain  time  and  with  tolerable  accuracy ;  but  in  refilling  it  great  care 
was  required  to  introduce  precisely  the  same  quantity.  To  accomplish 
this,  both  the  vessel  and  receiver  were  closed  on  all  sides  and  connected 
together,  so  that  when  the  proper  quantity  of  fluid  was  once  introduced, 
it  could  neither  escape  by  leakage  or  evaporation.  Both  vessels  were 
shaped  like  a  pear  ana  united  at  the  smaller  ends,  through  which  the  passage 
for  the  fluid  was  made ;  and  sometimes  sand  was  used  instead  oi  water 
Hence  the  hour-glass  of  modern  days,  the  only  mod tfica turn  of  ancient 
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clepsydrcB  which  modern  nations  continue  to  use.  Nieuhoff  observes  of 
Chinese  water-clocks,  "  they  bear  a  resemblance  to  some  great  hour- 
glasses in  shape ;"  and  he  says,  in  several  sand  was  used  instead  of  water. 
On  an  ancient  bas-relief  at  Rome,  representing  the  marriage  of  Thetis  and 
Peleus,  Morpheus  holds  an  hour-glass  ;  and  from  Athenseus  we  learn  that 
the  ancients  carried  portable  ones  about  with  them  somewhat  as  we  do 
watches. 

In  another  variety  of  clepsydrae,  the  sides  of  the  vessel  fVom  which  the 
fluid  escaped  were  graduated,  somewhat  like  chemists'  measuring  glasses, 
and  the  hours  announced  as  the  descending  surface  of  the  fluid  reached 
the  marks.  If  the  vessel  was  of  a  cylindrical  or  cubical  figure  the  distance 
between  the  marks  was  not  uniform,  because  the  water  escaped  fastest  at 
first,  in  consequence  of  the  greater  pressure  of  the  column  over  the  orifice, 
^hich  pressure  constantly  diminished  with  the  elHux ;  the  surface  of  the 
fluid  could  not  therefore  descend  through  equal  spaces  in  equs.1  times. 
When  such  formed  vessels  were  used,  the  relative  aistances  of  the  marks 
were  probably  determined  by  experiment,  although  they  might  have  been 
by  calculation.  Sometimes  the  vessels  were  funnel-shaped,  the  angle  of 
their  sides  being  so  adjusted  that  an  equal  distance  could  be  preserved 
between  the  marks— unequal  quantities  of  the  fluid  escaping  in  equal 
times.  These  instruments  were  generally  made  of  glass,  and  a  cork  or 
some  floating  image,  to  which  a  needle  was  secured,  pointed  out  the  hoar 
as  the  water  ^sunk.  Pancirollus  says,  the  small  holes  were  edged  with 
gold. 

In  some  clepsydrsB  the  fluid  was  received  into  a  separate  vessel  to  raise 
a  floating  image  that  pointed  as  an  index  to  the  hours.  Sometimes  a  boy 
with  a  rod.  Time  with  his  sc^^the,  and  Death  with  a  dart.  In  this  variety 
of  the  instrument,  it  was  desirable  that  the  quantity  of  fluid  discharged  into 
the  vessel  should  be  uniform  at  all  times ;  and  to  eflect  this,  the  floating 
siphon.  No.  239,  was  sometimes  used.  Such  we  presume  was  the  clepsydra 
of  Orontes,  which  was  made  '*  in  the  form  of  a  small  ship  floating  on  the 
water,  and  which  emptied  itself  by  means  of  a  siphon  placed  in  the  middle 
of  it."  Dr.  Harris,  not  aware  of  the  property  of  a  floating  siphon,  could 
not  perceive  how  the  hours  were  made  equal  by  this  contrivance,  which, 
he  observes,  Orontes  devised  to  remedy  the  unequal  flow  of  water  from 
an  open  vessel. — (Lex.  Tech.) 

Nieuhoif  noticing  the  numerous  towns  in  China,  upon  the  greater  part 
of  which,  he  observes,  were  clepsydrae,  says,  "  upon  the  clock-house  tur- 
rets stands  an  instrument  which  shows  the  hour  of  the  day  by  means  of 
water,  which  running  from  one  vessel  into  another  raises  a  hoards  upon 
which  is  portrayed  a  mark  for  the  time  of  day  ;  and  you  are  to  observe, 
there  is  always  a  person  to  notice  the  time,  who  every  hour  signifies  the 
same  to  the  people  by  beating  upon  a  drum,  and  hanging  out  a  board  with 
the  hour  writ  upon  it  in  large  letters.'*  (Ogilby,  Trans.  196.)  Montanus 
says  these  letters  were  **  a  foot  and  a  half  long."  See  also  Purchas'Pil- 
grimage,  499. 

In  another  class  of  ancient  clepsydrae,  the  water  dropped  upon  an  over- 
sliot  wheel,  which  turned  an  index  in  the  centre  of  a  circle,  round  which 
the  hours  were  marked  ;  hence  our  clock  and  watch  dials.  "  The  Chinese 
have  other  instruments  to  know  the  hour  of  the  day,  being  somewhat  like 
our  clocks  with  wheels,  and  they  are  made  to  turn  with  sand  as  mill- 
wheels  are  with  water."  (Nieuhoff.)  At  last  solid  weights  were  intro- 
duced in  place  of  water,  and  by  means  of  cords  eave  motion  to  the  index, 
and  thus  opened  the  way  still  more  for  the  introduction  of  modern  clocks. 

It  would  appear  from  the  description  of  clepsydrae  by  Vitruvius  and 
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other  writers,  that  the  ancients  had  carried  these  machines  to  very  great 
perfection ;  and  as  regards  ornament,  they  probably  excelled  many  of 
our  mantel  time  pieces.  They  were  even  combined  with  music.  Thus 
Plato  had  one  that,  during  the  night,  when  the  index  of  the  dial  could  not 
be  seen,  announced  the  time  by  playing  upon  flutes.  Athenseus  also  con 
Btructed  one  that  indicated  the  hours  by  sounds,  produced  by  the  com- 
pression and  expulsion  of  air  by  water — the  same  principle  as  Plato's. 
Petrarch  in  enumerating  the  spoile  of  Asia  which  Pompey  exhibited  at 
his  third  triumph,  besides  cups,  chests  and  beds  of  gold,  a  mountain  of  the 
same  metal,  with  statues  of  harts,  lions  and  other  beasts ;  trees,  and  all 
kinds  of  fruits  formed  of  pearls  suspended  from  golden  branches,  &c. 
continues,  *'Of  the  same  substance,  there  was  a  cl-ocket  so  cunningly 
wrought  that  the  woorkmanshyp  excelled  the  stuffe,  and  which  conti- 
nually moved  and  turned  about— a  right  woonderfull  and  strange  sight.'* 
— ("  Phisicke  against  Fortune,"  translated  by  T.  Twyne.  Lond.  1.579, 
F.  120.) 

The  want  of  uniformity  in  the  going  of  ancient  water-clocks  was  noticed 
by  Seneca,  and  compared  to  the  dinerences  o£  opinions  entertained  by 
philosophers  ;  and  Charles  V.  after  shedding  rivers  of  blood  to  make  men 
believe  the  dogmas  he  wished  to  impose,  amused  himself  in  his  retire- 
ment in  the  construction  of  watches,  and  was  surprised  that  he  could  not 
make  two  go  alike. 

No.  272  represents  one  of  the  improved  clepsydrae  of  Ctesibius,"  from 
Perrault's  Translation  of  Vitruvius.*>  It  presents  several  interesting  par- 
ticulars relating  to  the  state  of  the  useful  arts  upwards  of  twenty  centuries 
ago,  and  is  better  calculated  to  impart  information  to  mechanics  respect- 
mg  the  ingenuity,  and  even  the  workshops  and  tools,  of  their  ancient 
brethren,  than  reams  of  letter-press.  Besides  carving,  turning,  found- 
ing, &c.  &c.— it  shows  the  practical  application  ^  water  to  move  over-, 
shot  wheels— the  art  of  transmitting  motion  and  of  changing  its  direction 
by  toothed  wheels — it  exhibits  the  same  principle  of  measuring  time  as 
practised  by  our  clock  and  watch-makers,  viz.  by  proportioning  the  num- 
ber of  teeth  on  wheels  to  those  on  the  pinions  between  which  they  work. 
The  application  of  the  siphon  is  also  interesting,  being  the  same  as  is  used 
to  illustrate  the  action  of  intermitting  springs.  Upon  this  instrument  the 
renewal  of  the  diurnal  movements  of  the  machinery  depended :  its  effec* 
being  similar  to  that  of  winding  up  an  ordinary  clock. 

This  clepsydra  consisted  of  a  cylindrical  column  placed  on  a  square 
Dedestal,  within  which  the  mechanism  was  concealed.  The  hours  for 
both  day  and  night  were  marked  upon  the  column ;  their  inequality  at 
different  seasons  being  measured  by  unequal  distances  between  the  curved 
lines  and  by  the  revolution  of  the  column  round  its  axis  once  a  year.  Ou 
the  pedestal  are  seen  the  figures  of  two  boys,  one  of  which  was  immovo 
able,  but  the  other  rose  and  pointed  out  the  different  hours  with  his  wand. 
Water  (supplied  from  some  reservoir  by  a  concealed  pipe)  continually 
dropped  from  the  eyes  of  the  figure  on  the  left,  and  falhng  into  a  disk 
was  conveyed,  by  a  horizontal  channel,  under  the  feet  of  the  other  figure, 
where  it  trickled  into  a  deep  vessel,  or  large  vertical  tube,  whose  lower 
end  was  closed.  In  this  tube  a  float  was  made  to  rise  and  fall  with  the 
water,  and  being  attached  to  the  feet  of  the  figure  with  the  wand  caused 
It  tC'  rise  also,  and  thus  to  indicate  the  lapse  of  time.  .  At  the  end  of  ^i 

*  There  was  another  ancient  phi1<Mopher  of  the  same  name,  Cteaibins  of  Chalcia. 
^  In  Bnrbarn's  Vilrnviua,  Venice,  1567,  there  are  figures  of  two  others  equally  io^*- 
aious,  ant  rather  more  complex. 
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hour*  the  tube  would  be  filled,  and  the  figure  near  the  top  of  the  column. 
It  was  then  that  the  siphon  came  into  play.  lis  short  leg,  as  repreBcnied 
in  the  cut,  was  connected  to  the  lower  part 
of  the  tube  that  contained  the  float,  and  iti 
V>end  reached  as  high  na  the  upper  end  of 
the  tube.  When  the  latter  therefore  wa« 
full  the  siphon  would  he  charged,  and  the 
contents  of  the  tube  discharged  by  it  into 
one  of  the  buckets  of  the  wheel.  The  figure 
with  the  wand  would  then  descend,  having 
nothing  to  support  it.  The  wheel  having 
six  buckets  only,  performed  a  revolution  in 
six  days.  To  its  at  is  was  secured  a  pinion  of 
six  teelh  that  worked  into  a  wheel  with  sixty, 
and  on  the  shaft  of  this  wheel  a  pinion  of 
ten  teeth  drove  a  wheel  of  sixty-one  teetli, 
which  last  wheel  by  its  a.tis  turned  th« 
column  round  once  in  365  days. 

As  the  accuracy  of  such  a  clock  depended 
upon  the  size  of  the  orifices  in  the  weeping 
figure,  whence  the  water  escaped,  to  pre* 
.  vent  their  enlargement  hy  the  friction  of  the 
liquid,  Ctesibius  bushed  them  with  jewels. 

About  the  year  807,  the  Caliph  Harouit 
sent  some  valuable  presents  to  Charlemagne, 
and  among  them  a  water-clock,  which  struck 
the  hours  by  means  of  twelve  little  braai 
balls  falling  on  a  bell  of  the  same  metal. 
There  were  also  twelve  figures  of  soldiers, 
which  at  the  end  of  each  hour  opened  and 
shut  doors  according  to  the  number  of  the 
hour.— (Marligny's  HisL  Arabians,  iii.  92.) 

There  is  a  very  simple  clepsydrairKircher'a 
Mundus  Suhterraneus,  tom.  i,  167.  M.  Amon- 
tons  devised  another.  M^m.  Acad.  Science, 
A.D-16S9,p.Sl.  Seeal8oPhil.Trans.vol.xlv, 
p.  171,  and  Fludd's  Simia.  Decaus has  given 
"  a  clepsydra  in  the  fifth  plate  of  his  Forcible 
No.ra.   cicwdr.bycw.il.™.      Movements.     A  water  pendulum  is  figured 

in  Ozanam's  Recreations,  p.  388. 
Hour-glasses  were  formerly  placed  in  coffins  and  buried  with  the  corpse, 
probably  as  symbols  of  mortality — the  sands  of  life  having  run  out.  See 
OenL  Mag.  vol.  xvi,  646,  and  xvii,  264.  Lamns  found  in  ancient  seiiul- 
chres  were  possibly  interred  with  tlie  same  view — to  indicate  the  lamp 
of  life  having  become  extinguished. 

Garcilasso  mentions  a  dial  by  which  the  Peruvians  ascertained  the  time 
when  the  sun  entered  the  equinox  :  whether  these  people  or  the  Mexicans 
had  water-clocks  we  have  not  been  able  to  ascertain. 

HyihaiJic  Orgaiu  do  not  appear  to  be  of  so  high  antiquity  as  clepsydrw, 
but  their  origin  is  equally  uncertain.  Perhaps  they  were  derived  from 
musical  water-clocks. 

The  first  organs  were  probably  nothing  more  than  simple  corabinationa 
of  flutes,  pipes,  and  other  primitive  wind  instruments.  What  the  cir- 
cumstances were  that  led  to  the  idea  of  uniting  a  number  of  these,  and 
supplying  tliem  with  wind  frombe"pwiins>.cad  of  tberoouth  can  hardly  be 
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conjectured.  The  first  step  was  probably  bag-pipes,  and  the  second  the 
addition  of  keys  or  valves.  In  process  of  time,  the  instruments,  instead 
of  being  made  of  reeds  or  other  natural  tubes,  were  formed  of  metal ;  and 
their  number,  variety,  and  dimensions  increased  until  organs  became  the 
most  powerful  and  harmonious,  and  consequently  the  most  esteemed  of 
all  musical  machines.  The  organs  mentioned  in  the  Bible  were  probably 
portable  ones,  similar  to  the  modern  regal.  The  ancients  divided  them 
into  two  classes — pneumatic  and  hydrauliCf  or  wind  and  water  organs. 
The  difference  consisted  merely  in  the  modes  of  supplying  the  wind — in 
one  it  was  by  means  of  water,  while  in  the  other  bellows  were  worked 
by  men. 

Water  was  employed  in  various  ways  in  ancient  hydraulic  organs. 

1.  By  falling  through  a  pipe,  it  carried  down  air  into  a  reservoir,  as  in 
tht.  trombe  or  shower  bellows,  (No.  198.)  Here  it  not  only  furnished 
the  air  but  forced  it  through  the  pipes.  According  to  Kircher,  it  was  then 
discharged  on  a  wheel,  and  gave  motion  to  drums  on  whose  peripheries 
were  projecting  pins,  which  depressed  the  keys  of  the  instrument,  as  in  tlie 
mt)dern  barrel  orgdn. 

2.  It  was  discharged  upon  an  overshot  wheel,  and  by  cranks  and  levers 
merely  worked  common  bellows.  This  may  seem  strange  to  some  readers, 
but  it  must  be  remembered  that  these  instruments  were  often  of  enormous 
dimensions.  Even  so  rude  a  people  as  the  Anglo-Saxons,  had  organs 
that  required  "  seventy  strong  men**  to  work  the  bellows. 

3.  Sometimes  water  was  only  used  in  an  open  tank  or  cistern,  into 
which  a  smaller  one  constituting  the  ai^-chamber  was  inverted.  The  air 
was  then  forced  by  ordinary  or  piston  bellows  into  the  latter,  and  dis* 
placing  the  water  caused  it  to  rise  in  the  outer  vessel,  where  its  constant 
pressure  urged  the  air  through  the  organ. — See  No.  110,  and  p.  245. 

4.  *The  vapor  of  boiling  water  or  steam  was  also  used,  and  which  of 
course  supplied  the  place  of  both  wind  and  bellows.  The  extent  to  whick 
steam  was  used  is  unknown.  It  was  probably  confined  chiefly  to  the 
temples. 

The  details  of  the  mechanism  of  ancient  organs  that  have  come  down 
are  very  imperfect.  Their  description  by  Vitruvius  and  Heron  b  obscure, 
and  in  some  parts  unintelligible ;  and  they  admit  that  the  construction  was 
too  complex  to  be  easily  comprehended  except  by  those  familiar  with 
them. 

The  earliest  distinct  notice  on  record  of  any  thing  like  a  water-organ, 
is  the  musical  clepsydra  of  Plato.  There  is  no  reason  to  suppose  it  was 
invented  by  him,  but  rather  the  contrary,  for  he  contemned  all  mechani- 
cal speculations.  He  probably  met  with  it  in  Egypt,  and  having  intro- 
duced it  to  his  countrymen,  was  (as  usual  with  them)  considered  its  author. 

Tertullian,  in  a  Treatise  on  the  Soul,  speaks  of  an  organ  invented  by 
Archimedes,  but  of  its  construction  little  is  known. 

From  Vitruvius'  account  of  hydraulic  organs,  and  from  the  last  two 
Problems  in  Heron's  Spiritalia,  we  learn  that  they  were  very  elaborate 
machines.  Decaus  has  amplified  some  of  Heron's  devices  for  producing 
music  by  water. 

Plutarch  in  comparing  Cato  and  Phocion,  after  observing^  that  their 
severity  of  manners  was  equally  tempered  with  humanity,  and  their  valor 
with  caution ;  that  they  had  the  same  solicitude  for  others,  and  the  same 
disregard  for  themselves ;  the  same  abhorrence  of  every  thing  base  and 
dishonorable,  &c.  observes,  that  to  mark  the  difference  in  their  charac- 
ters would  require  a  very  delicate  exprefsion,  like  the ^finefyd**crimtnated 
mmnds  of  the  organ.      This  is  supposed  by  Langhorue  to  r.ave  been  a 
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water-organ.  The  elder  Pliny  refers  to  them  in  book  ix,  cap.  8.  Speak 
ing  of  dolphins,  he  observes,  they  are  fond  of  music,  especially  '*  the  sound 
of  the  water  instrument,  or  such  kind  of  pipes."  We  noticed,  page  245, 
a  representation  of  an  hydraulic  organ  on  a  medal  of  Valentinian.  The 
silver  Triton,  mentioned  in  the  chapter  on  Fountains,  that  by  machinery 
was  made  to  rise  out  of  the  lake  ana  sound  a  trumpet,  may  be  considered 
a  modification  of  these  instruments,  and  so  may  the  whistling  clock  of 
Athenasus  mentioned  in  the  last  one. 

Suetonius,  in  nis  Life  of  Nero,  mentions  an  hydraulic  organ  which  that 
emperor  took  particular  pleasure  in.  It  must  have  been  a  magnificent 
affair,  since  even  Nero  cfeemed  it  of  sufficient  importance  to  form  the 
principal  object  vowed  by  him,  when  the  empire  was  in  danger  from  the 
rebellion  of  Vindex.  Inviting  some  of  the  chief  Romans  to  a  consultation 
on  public  affairs,  "  he  entertained  them  the  rest  of  the  day  with  an  organ 
of  a  new  kind,  and  showing  them  the  several  parts  of  the  invention,  and 
discoursing  about  the  nature  and  difficulty  of  the  instrument,  he  told  them 
he  designed  to  introduce  it  upon  the  theatre,  if  Vindex  would  permit  him." 
In  this  passage  Suetonius  does  not  state  that  the  machine  was  a  umter- 
organ ;  but  in  a  subsequent  one  he  observes,—"  Towards  the  close  of 
Nero's  life,  he  publicly  vowed  that  if  the  empire  was  secured  to  him  (by 
overcoming  the  rebels)  he  would  bring  out  at  the  games,  for  his  obtaining 
the  victory,  a  water-organ,  a  chorus  of  flutes  and  bag-pipes,"  &c. 

The  author  of  a  letter,  attributed  to  St  Jerome,  speaks  of  a  large  organ  at 
Jerusalem,  the  sounds  of  which  could  be  heard  at  the  distance  of  a  thousand 
paces,  or  to  the  Mount  of  Olives.  It  consisted  of  two  elephant  skins,  or 
rather  perhaps  resembled  two  of  those  animals.  There  were  twelve  large 
bellows  and  fifteen  brasa  pipes.  The  two  animals  were  said  to  represent 
the  Old  and  New  Testaments— the  pipes  the  patriarchs  and  prophets,  and 
the  bellows  the  twelve  apostles.  The  particulars  of  its  construction  are 
not  known. 

Organs  were  used  more  or  less  throughout  the  dark  ages,  during  which 
several  were  brought  into  Europe  from  the  East. 

In  757,  the  Greek  emperor  Constantine  sent  two  organs  to  Pepin,  king 
of  France.  Mezeray  says,  they  were  the  first  seen  in  that  country. 
Another  was  sent  from  Constantinople  to  Charlemagne  in  812;  but  nothing 
is  known  of  their  construction,  except  that  the  last  imitated  the  sounds  of 
thunder,  the  lyre  and  cymbal. 

In  the  ninth  century,  Louis  Debonnaire  had  a  water-organ  made  for  his 
palace  at  Aix-la-Chapelle,  by  a  Venetian  priest  named  George.  Another 
organ,  in  which  water  is  supposed  not  to  have  been  employed,  he  erected 
in  one  of  the  churches  of  that  city,  and  its  sounds  are  said  to  have  been  so 
ravishing^,  that  a  woman  died  in  ecstacy  under  their  influence.-*— (See  Pre- 
face to  L'Art  du  Facteur  D'Orgues  ;  Arts  et  Metidres,  folio  edit.  1778.) 

At  page  401,  we  mentioned  an  organ  made  by  Gcrbert,  in  which  steam 
was  employed  instead  of  air. 

We  find,  says  Fosbroke,  organs  with  pipes  of  box-wood,  of  gold,  and 
organs  of  alabaster  and  glass ;  and  some  played  on  with  warm  water. 
Brass  pipes  and  bellows  are  mentioned  by  William  of  Malmsbury.  ''  The 
monks  of  Italy,  of  the  orders  devoted  to  manual  labor,  applied  themselves 
to  the  fabrication  of  organs ;  and  in  the  tenth  century,  a  maker  was  sent 
into  France,  whence  they  insensibly  spread  over  all  the  western  churches." 

Of  modern  hydraulic  organs  it  is  unnecessary  to  enlarge.  Several  have 
been  noticed  in  the  chapter  on  Fountains.  They  have  become  nearly 
extinct.  See  Kircher's  Musurgia  Universalis,  Flndd's  Simia,  Decau^ 
Forcible  Movements ;  Misson,  Blainville,  Breval,  and  Keysler's  Travelst 
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The  old  Regal,  a  dioiinative  species  of  organ,  still  used  in  some  parts 
of  £urope,  was  sometimes  acted  on  by  water ;  at  least  so  it  would  seem 
from  a  remark  of  Lord  Bacon  in  his  Sylca.  Speaking  of  music,  be  par- 
ticularizes the  tones  from  the  percussion  of  tnelals,  as  in  bells — of  air,  as 
in  the  voice  while  singing,  in  whistles,  organs,  and  stringed  instruments — 
"  and  of  water,  as  in  the  nightingale  pipes  of  regalU,  or  organs,  and  other 
hydraulics,  which  the  ancients  had,  and  Nero  did  so  much  esteeme,  bat 
are  now  lost" — CenL  ii,  102. 


CHAPTER    II. 

Bbbst  LbaD:  Lead  early  known— Boaan  pif  lead— Ancient  uaea  of  lead—Leaden  and  iron  eoAnn^ 
Ca«(iaf  thaet  lead— Solder — Leaden  booka — ^Rooft  covered  with  lead— loTention  of  rolled  lead — Load 
abeathinf.  Lbaoen  Pipbs:  Of  freat  antiquity— Made  from  sheet  lead  by  the  Romana—Ordinanee  of 
Jnatioiaa— J^eaden  pipea  in  Spain  in  the  ninth  centnry-Damaacua— Leather  pipe*— Modern  iron  pipen 
— Inrention  of  caat  leaden  pipes — Another  plan  inFraneo— Joints  nnited  withont  solder— Inrention  of 
drawn  leaden  pipes— Burr's  mode  of  makinf  leaden  pipe*— Antiquity  of  window  lead— Water  ii^nrod 
bypassiog  throufh  leaden  pipes— Tinned  pipes.  Valtss:  Their  antiquity  and  variety — Nnremborf 
esf  ineers.  Cocns :  Of  f  rent  variety  and  materials  in  ancient  times— HorapoUo— Cocks  attached  to  the 
lover  of  brass  and  the  braxen  sea— Also  to  golden  and  silver  cisterns  in  the  temple  at  Delphi — Found  w 
Japanese  bath^— Fif  ore  of  an  ancient  bronze  cock — Superior  in  its  construction  to  modem  ones — Cock 
AtMu  a  Roman  fountain— Numbers  found  at  Pompeii— Silver  pipea  and  cocks  in  Roman  baths— Oolden 
and  silver  pipes  and  cocks  in  Peruvian  baths — Sliding  cocks  by  the  nntkor.  WATKn-CiAMBTC.  Of 
ancient  date— Comason  in  the  Ease    Tkaps  for  drniaa,  Ac. 

A  FEW  subordinate  inventions,  but  such  as  are  of  some  importance  m 
practical  hydraulics  have  been  reserved  for  this  chapter,  viz  :  sheet  lead, 
pipes,  valves  and  cocks,  water-closets  and  traps. 

Lead  was  probably  worked  before  any  other  metal.  Its  ores  abound 
in  most  countries,  and  frequently  reach  to  the  surface ;  they  are  easily 
reduced;  the  metal  fuses  at  a  low  temperature  ;  it  is  soft  and  exceedingly 
plastic.  Lead  is  mentioned  as  common  at  the  time  of  the  Exodus.  It 
was  among  the  spoils  taken  by  the  Israelites  from  the  Mtdianites,  and 
articles  made  of  it  were  ordered  to  be  melted  up.  The  Phenicians  ex- 
ported tin  and  lead  from  Britain.  Both  are  enumerated  in  the  graphic 
account  of  the  commerce  of  Tyre,  in  the  27th  chapter  of  Ezekiel.  The 
Romans  worked  lead  mines  in  France,  Spain  and  Britain ;  Pliny  says, 
those  in  the  former  countries  were  deep  and  the  metal  procured  with 
difficulty;  but  in  Britain  it  was  abundant,  and  "  runneth  ebb  in  the  upper- 
most coat  of  the  ground."  Several  Roman  mining  tools  and  pigs  of  lead 
have  been  found  m  England.  In  1741,  two  pigs  were  dug  up  in  York- 
shire. Their  form  was  similar  to  that  in  which  the  Missouri  lead  is  cast, 
but  more  than  twice  the  weight  Each  weighed  150  lb.  and  was  inscribed 
in  raised  letters  with  the  name  of  the  reigning  emperor,  Domitian.-^Phil 
Trans.  Abrid.  ix,  420.) 

The  uses  to  which  lead  was  put  by  the  ancients  were  much  the  same  as 
at  present.  The  fishermen  of  Egypt  sunk  their  nets  with  it  just  as  ours 
do.  A  portion  of  a  net  with  "  sinkers"  attached  is  preserved  in  the  Berlin 
Museum.  Leaden  statues  are  ancient.  There  was  one  of  Mamurius  at 
Roms.  They  probably  preceded  those  of  bronze,  and  perhaps  formed 
part  of  the  spoil  of  the  Midianites  mentioned  above.  The  Romans  had 
leaden  coffins ;  a  device  adopted  more  or  less  in  all  ages.     Double  leadei; 
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cotfins  ((ohscrves  Fosbroke)  occur  in  the  Anglo-Saxon  era,  not  made  of 
plain  lead,  but  folded  in  a  very  curious  and  handsome  manner.  For  the 
Diode  of  making  cofHns  and  their  singular  forms,  consult  L'Art  du  Plom- 
bier.  Arts  et  M^lieres,  tome  xiii,  a  Neuchatel,  178 1.* 

The  art  of  casting  lead  into  sheets  on  beds  of  sand,  as  now  practised  by 
plumbers,  is  of  immense  antiquity.  The  terraces  of  Nebuchadnezzar's 
hanging  gardens  were  covered  with  sheets  of  lead  soldered  together,  to 
retam  moisture  in  the  soil.  The  composition  of  ancient  solder  for  lead, 
we  know  from  Pliny,  was  the  same  as  ours.  It  is  uncertain  whether  the 
art  of  uniting  lead  by  "  burning."  that  is,  by  fusing  two  edges  together 
(without  solder)  was  known.  Pliny  says,  "  two  pieces  of  lead  cannot 
poss**bIy  be  soldered  without. tin  glass."  Either  therefore  the  ancienti 
had  not  the  art  of  "burning"  pieces  of  lead  together,  or  Pliny. was  not 
aware  of  it. 

Tablets  of  lead  were  anciently  used  to'  write  on.  Job  alludes  to  ihem. 
Books  composed  of  leaden  leaves  are  Bgured  by  Montfaucon.  To  such 
tablets,  we  presume,  Pliny  refers,  when  he  speaks  of  lead  "  driven  with 
the  hammer  into  thin  plates  and  leaves." — (Nat.  Hist,  xxxiv,  17.) 

The  employment  of  sheet  lead  as  a  covering  for  roofs  ascends  to  the 
earliest  ages  in  the  East.  It  is  still  extensively  used  there.  Tavernier, 
in  speaking  of  the  mosques  at  Aleppo,  says  their  domes  were  covered 
with  lead,  and  so  was  the  roof  of  the  great  hall  of  the  Divan  at  Constanti- 
nople. He  mentions  an  inn  or  caravansary,  the  roof  of  which  was  covered 
with  the  same  metal.  Henry  Blount,  who  traveled  in  Eerypt  and  Turkey 
•n  1634,  found  the  roofs  of  the  mosques  and  seraglios  at  Adrianople  covered 
with  lead.  Count  Caylus  mentions  ancient  sheet  lead  half  a  line  thick 
taken  from  the  inner  dome  of  the  Pantheon.  Gregory  of  Tours  describes 
an  old  temple  of  the  Gauls,  which  was  extant  in  the  time  of  the  Emperor 
Valerian,  and  had  a  leaden  roof.  (Montfauc.  Supp.)  Paulinus  built  a 
church  at  Catarick,  Eng.  which  was  burnt  by  the  Pagans  ;  he  built  another 
of  wood,  which  was  tlie  mother  church  of  British  Christianity,  **  and  en- 
closed the  whole  building  with  a  covering  of  lead."  The  churches  and 
castles  of  Europe  in  the  middle  ages  were  almost  uniformly  covered  with 
this  metal.  In  a  statute  passed  in  the  fourth  vear  of  Edward  I.  ef  Eng- 
land, (A.  D.  1276,)  to  ascertain  the  value  of  real  estate,  commissioners 
were  appointed  to  visit ''  castles,  and  also  other  buildings  compassed  about 
with  ditches  [to  determine]  what  the  walls,  buildings,  timber,  stone,  lead^ 
and  other  manner  of  covering  is  worth." — (Statutes  at  large.) 

Leaden  seals  on  woolen  cloth  were  used  in  Henry  IV.'s  reign. 

It  is  uncertain  whether  the  ancients  were  acquainted  Avith  the  process 
of  forming  lead  into  sheets  by  passing  it  between  rollers.  If  they  were, 
the  art,  like  many  others,  became  lost,  and  was  not  revived  till  the  17th 
century.  A  close  examination  of  specimens  of  ancient  sheet  lead  might 
determine  the  question. 

Rolling  or  "  milling"  of  lead  was  invented  by  Mr.  Thos.  Hale,  in  1670, 
about  which  time  the  first  mill  was  erected  at  Deptford.  The  inventor 
met  with  violent  opposition  from  shipwrights,  because  the  lead,  from  its 
smooth  surfhce,  uniformity  of  thickness,  and  low  price,  be^an  to  be  gene- 
rally adopted  for  sheathing,  vessels,  in  place  of  the  old  wooden  and  leather 
sheathing.     And  as  it  was  used  also  for  gutters  and  roofs  of  houses,  *'  the 

*  About  twenty  yean  ago  iron  coffins  v/ere  introduced  in  England  and  secnred  by 
patent ;  but  they  were  not  then  by  any  means  a  new  thins[  under  the  sun  :  for  the  Par 
■ees  of  India  for  nge(<  buried  their  dead  in  them.  "  CeH  idolatres  adoreni  Ip  feu  cotnine 
rie  divinity.  consid(*rant  le  boiti  comme  fia  viande ;  d*oik  il  vient  qu'ils  ne  inettant  paa 
lenrs  urortd  dars  les  cercueiU  de  bou.  maw  dtjtr  "•— (C.  Ant<inaire  iii  H46.) 
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plumbers  were  as  industrious  as  the  shipwrights  to  Jecry  the  lead;"  but 
finding  their  opposition  in  a  great  measure  fruitless,  *'  some  of  them  now 
begarj  to  cry  it  up,  and  have  set  up  engines  to  mill  it  themselves."—* 
(Collier's  Diet.  Art.  England.) 

A  pa[>er  in  the  Phil.  Transactions,  1674,  erroneously  attributes  the  in- 
vtntion  to  Sir  Philip  Howard  and  Major  Watson.  These  gentlemen  were 
associated  with  Hale  in  the  patent,  and  merely  contributed  their  m- 
tiuence  to  introduce  the  new  manufacture,  especially  to  sheathe  the  pub- 
lic ships.  (Abrid.  i,  596.)  The  large  ship  built  by  Archimedes  was 
sheathed  with  lead. 

Pipes  for  the  conveyance  of  water  have  been  made  of  earthenware, 
stune,  wood  and  leather,  but  more  generally  of  lead  and  copper.  Leadem 
pipes  extend  back  to  the  dawn  of  history.  They  were  more  or  less  com- 
mon in  all  the  celebrated  nations  of  old.  In  the  old  cities  of  Asia,  Egypt, 
Greece,  Syria,  &c.  they  were  employed  to  convey  water  wherever  the 
pressure  was  too  great  to  be  sustained  by  those  of  earthenware.  The 
same  practice  is  still  followed  :  thus  in  Aleppo,  both  leaden  pipes,  and 
those  of  stoneware  are  used,  and  in  all  probability  just  as  they  were  when 
this  city  was  known  to  the  Greeks  as  Bercea,  and  to  the  Jews  in  David'a 
time  as  Zobah.  Archimedes  used  pipes  of  lead,  to  distribute  water 
by  engines  in  the  large  ship  built  for  Hiero ;  and  the  same  kind  were 
doubtless  employed  in  conveying  water  to  the  different  terraces  of  the 
famous  gardens  of  Babylon.  The  great  elevation  to  which  the  fluid  waa 
raised  would  render  earthenware  or  wooden  pipes  entirely  inapplicable. 

We  have  no  information  respecting  the  mode  of  making  leaden  pipes 
previous  to  the  Roman  era ;  but  as  that  people  adopted  the  arts  and  cus- 
toms of  older  nations,  we  may  be  assured  that  their  tubes,  as  well  as  their 
pumps  and  other  engines,  were  mere  copies  of  those  made  by  the  plumbers 
of  Babvlon  and  Athens,  Egypt  and  Tyre.  All  ancient  pipes  yet  dis- 
covered are  said  to  have  been  made  from  sheet  lead  ;  viz  :  strips  of  suffi- 
cient width  folded  into  tubes  and  the  edges  united  by  solder.  We  learu 
from  Vitruvius  that  Roman  plumbers  generally  made  them  in  ten  feet 
lengths,  the  thickness  of  the  metal  being  proportioned  to  their  bore,  accord- 
ing to  a  rule  which  he  gives  in  book  viii,  cap.  7.  of  his  Architecture. 
Large  quantities  of  Roman  leaden  pipes  have  been  found  in  different  parts 
of  Europe,  varying  in  their  bore  from  one  to  twelve  inches.  Some  of 
them  are  very  irregularly  formed,  their  section  being  rather  egg-shaped 
than  circular.  Montfaucon  has  engraved  several  specimens.  On  large  ones 
belonging  to  the  public,  the  name  of  the  consul  under  whom  they  were 
laid  was  cast  upon  them.  Others  that  supplied  the  baths  of  wealthy  indi- 
viduals have  the  owners'  names ;  and  sometimes  the  maker's  name  was 
cast  on  them.  Of  small  leaden  pipes,  Frontinus  mentions  13,594  of  one 
inch  bore  that  drew  water  from  one  of  the  aqueducts.  Pompeii  was  hut 
a  small  provincial  town,  of  which  not  more  than  one-third  has  been  ex- 
plored, and  yet  a  great  many  tons  of  pipes  have  been  found.  The  con- 
sumption of  lead  for  pipes  must  have  been  enormous  in  old  Rome,  not 
only  from  their  great  number,  but  on  account  of  the  large  dimensions  of 
the  principal  ones.  Pliny  might  well  observe,  "  Lead  is  much  used  with 
us  for  sheets  to  make  conduit  pipes." — (xxxiv,  cap.  17.) 

An  ordinance  of  JuRtinian  respecting  a  bagnio  erected  at  Constantinople 
by  one  of  the  dignitaries  of  the  empire  is  extant :  "  Our  imperial  will  and 
pleasure  is,  that  the  leaden  pipes  conducting  the  water  to  the  Achillean 
bagnio,  contrived  by  your  wisdom,  and  purchased  by  your  muniBcence^ 
be  under  the  same  reg^ulations  and  management  as  have  been  appointed 
in  the  like  cases  ;  and  that  the  said  pipes  shall  only  supply  such  bagnioa 
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«Tid  nymplispa  as  you  shall  think  fit,"  &c.  Constantinople  has  for  ages 
l>een  supplied  with  water  through  leaden  pipes.  The  Sou-terazi  or  water 
towers,  are  mere  contrivances  to  facilitate  the  ascent  and  descent  of  the 
fluid  through  pipes. 

Leaden  pipes  have  been  uninterruptedly  employed  in  some  or  other  of 
European  cities  since  the  fall  of  the  empire.  In  the  middle  of  the  ninth 
century  water  was  conveyed  by  them  to  supply  Cordorva,  in  Spain,  under 
the  Caliph  Abdulrahman  11.  who  also  caused  that  city  to  be  paved.  This 
is  the  oldest  pavement  on  record  in  modern  cities.  Benjamin  of  Tudela, 
who  visited  Damascus  in  the  12th  century,  says,  the  river  Pharpar  (see 
2  Kings,  chap,  v,)  slideth  by  and  watereih  the  gardens  ;  "  but  Ahana  is 
more  familiar  and  entereth  the  citie,  yea,  by  helpe  of  art  in  conduits  [pipes) 
visiteth  their  private  houses." — (Purchas*  Pilgrim.) 

The  ancient  inhabitants  of  the  island  Arados  ingeniously  obtained  fresh 
water  from  the  bottom  of  the  sea.  They  sunk  down  over  the  spring  a 
large  bell  of  lead,  to  the  upper  part  of  which  was  attached  a  pipe  of  leaUier 
that  conveyed  the  fluid  to  the  surface. — (Pliny,  v,  31.) 

Some  of  the  Roman  earthenware  pipes  were  made  to  screw  into  each 
other.  Old  leaden  pipes  laid,  A.  D.  1236,  to  supply  London,  are  men- 
tinned  at  page  294.  Most  modern  pipes  of  large  bore  are  now  made 
of  cast  iron.  The  largest  sizes  now  laying  to  supply  this  cit^,  are  nine 
feet  in  length,  three  feet  internal  diameter,  and  weigh  from  3500  to  3800 
pounds. 

The  first  improvement  on  the  ancient  mode  of  making  leaden  pipes  was 
matured  in  England  in  1539.  ^It  consisted  in  casting  them  complete  in 
short  lengths,  in  molds  placed  in  a  perpendicular  position.  After  a  number 
were  cast,  they  were  united  to  each  other  in  a  separate  mold,  by  pouring 
hot  metal  over  the  ends  until  they  run  together.  The  device  for  "  burn- 
ing" or  melting  the  ends  was  exceedingly  ingenious,  and  such  pipes  are 
still  made  to  some  extent  in  Europe.  In  the  30th  year  of  Henry  VIII. 
(observes  Baker  in  his  Chronicles  of  the  Kings  of  England,)  "  the  manner 
of  casting  pipes  of  lead  for  conveyance  of  water  under  ground  without 
using  of  soder,  was  first  invented  by  Robert  Brocke,  clerk,  one  of  the 
king's  chaplains,  a  profitable  invention  ;  for  by  this,  two  men  and  a  boy 
will  do  more  in  one  day»  then  could  have  been  done  before  by  many  men 
in  many  days.  Robert  Cooper,  goldsmith,  was  the  first  that  made  the 
instruments  and  put  this  invention  m  practice."— -(Edit,  of  1665,  p.  317.) 

Five  years  afterwards,  Ralph  Ha^e  and  Peter  Bawde  made  the  first 
articles  o(  r€Ut  iranin  England. — (Ibid.) 

In  the  reign  of  Henry  IV.  of  France,  a  native  of  St.  Germain,  deviseu 
another  mode  of  casting  pipes  and  burning  them  together.  The  mold  was 
used  in  a  horizontal  position,  and  the  metal  poured  in  at  one  end.  When 
a  pipe  was  cast,  it  was  not  drawn  entirely  out  of  the  mold,  but  one  or  two 
inches  were  left  near  the  spout  where  the  metal  entered,  so  that  when 
another  length  was  cast;  the  hot  metal  running  over  the  end  of  the  pre- 
vious pipe  fused  it,  and  both  became  as  one.  The  tube  was  then  drawn 
nearly  out  and  another  one  cast  and  united  to  it  in  like  manner,  and  so 
on  till  any  required  length  was  attained. — (See  Planche,  vii.  L'Art  du 
Plombier  in  Arts  et  M^tieres.) 

Sometimes  pipes  formed  of  sheet  lead  have  their  seams  united  by 
"  burning."  *A  strip  of  pasteboard  is  packed  against  the  inside  of  the 
seam,  and  the  tube  (if  small)  filled  with  sand  ;  the  ed^cs  are  then  melted 
with  a  soldering  iron,  and  the  defltiency  made  up  with  a  bar  of  lead,  in 
the  same  way  as  when  a  bar  of  solder  is  used.  The  old  mode  of  burning 
these  seams  was  by  pouring  hot  lead  upon  them,  and  generally  a  projeo* 
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don  of  metal  was  left  along  the  seam.  The  ancient  pipis  6gured  hy 
Montfaucon  have  a  similar  projeclion. 

The  plan  of  dmwing  leaden  pipes  through  dies  like  hollow  wire  wa« 
first  proposed  by  M.  Dalesme,  in  the  Transactions  of  the  French  Academy 
of  Sciences,  in  1705.  It  was  subsequently  brought  forward  by  M.  Fayolle 
in  1728;  but  it  was  not  till  1790  that  such  pipes  were  made.  In  that  year, 
Mr.  Wilkinson,  the  celebrated  £nglish  iron  master,  took  out  a  patent  for 
drawing  them,  since  which  period  they  have  become  general  in  England, 
France,  and  the  U.  States. — (See  Reper.  of  Arts,  1st  series,  vol.  xvi.) 

In  1820,  a  singular  mode  of  making  leaden  pipes  was  patented  in  Kng* 
land  by  Mr.  T.  Burr.  A  large  and  very  strong  cast  iron  cylinder,  in  which 
a  metallic  piston  is  made  to  work,  is  secured  in  a  vertical  position.  To 
the  underside  of  the  piston  a  strong  iron  rod  is  fixed,  its  lower  end  lieing 
cut  into  a  screw  or  formed  into  a  rack  for  the  convenience  of  forcing  the 
piston  up,  either  by  means  of  a  steam  engine  or  any  other  suitable  first 
mover.  To  the  upper  side  of  the  piston  is  secured  a  polished  cylindrical 
rod,  rather  longer  than  the  cylinder,  and  of  the  same  diameter  as  the  bore 
of  the  pipe.  The  cylinder  forms  a  mold  in  which  the  pipe  is  first  cast, 
and  this  rod  is  the  core.  The  bottom  of  the  cylinder  may  be  open  ;  hut 
the  top  is  strongly  closed,  with  the  exception  of  a  circular  and  polished 
opening  at  the  centre,  of  a  size  equal  to  the  external  diameter  of  the  pipe. 
Suppose  the  piston  now  drawn  down  to  near  the  bottom  of  the  cylinder, 
the  upper  end  of  the  polished  rod  will  stand  a  little  above  the  circular 
opening,  and  an  annular  space  will  be  left  between  them  equal  to  the 
required  thickness  of  the  tube.  The  cylinder  is  then  to  be  filled  with 
fused  lead  through  an  opening  at  the  top,  (which  is  to  be  stopped  up  by 
a  screw-plug  or  any  other  device,)  and  as  soon  as  the  metal  begins  to 
assume  the  solid  state,  the  piston  is  slowly  raised ;  this  necessarily  forces 
the  lead  through  the  annular  space  in  the  form  of  a  tube,  which  is  then 
wound  on  a  reel  as  fast  as  formed. 

Various  cylinders  are  employed  according  to  the  different  sized  tubes. 
For  half  inch  pipe,  one  18  inches  long,  six  or  seven  inches  internal  diame- 
ter, and  the  sides  three  or  four  inchea  thick  would  be  required.  Plates 
with  openings  of  different  sizes  may  be  adapted  to  one  cylinder.  They 
may  be  made  to  slide  in  recesses  cast  in  the  top. 

This  mode  of  forming  leaden  tubes  is  the  same  in  principle  as  that  by 
which  some  of  earthenware  have  been  made  :  the  clay  being  put  into  a 
square  and  close  trunk,  is  forced  by  a  piston  through  an  annular  space, 
adapted  to  the  thickness  and  bore  of  the  tubes  required.  At  first  sight 
the  process  appears  difficult.  It  also  seems  strange  that  solid  lead  can 
thus  be  squeezed  through  an  aperture  into  the  form  of  a  tube  ;  but  it  should 
be  remembered  that  this  metal  is  extremely  soft  when  heated  to  near  the 
fusing  point ;  and  that  the  mode  only  differs  from  that  of  making  clay 
pipes  in  requiring  a  greater  force.  Tubes  made  in  this  way  are  in  general 
more  solid  than  others.  This  arises  from  the  large  body  of  metal  of  which 
they  are  formed  being  poured  while  very  hot  mto  the  cylinder,  so  that 
there  is  little  danger  of  flaws  or  fissures.  These  pipes  may  also  be  made 
in  much  greater  lengths  than  by  any  other  plan.  A  manufactory  of  them 
has  recently  been  established  m  Philadelphia. — (See  Repertory  of  Arts, 
for  1820,  vol.  xli,  p.  267.) 

From  the  quantities  of  pipes  used  of  old,  it  appears  singular  that  the 
art  of  drawing  them  was  not  discovered,  especially  as  the  Tire-Pioruf*  of 
glazier's  vise  for  drawing  "  window  lead"  is  of  ancient  date — a  most  beau* 
dful  machine,  and  one  far  more  inc^enious  and  interestingr  than  the  draw* 
bench ;  one  too  by  which  lead  is  worked  at  a  single  operation  into  ver^ 
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difficult  forms,  and  such  as  require  the  metal  of  differec    thickness  in  the 
same  piece.* — (See  L'Art  du  Vitrier,  pi.  v,  Arts  et  M^tieres.) 

It  has  long  been  known  that  water  conveyed  through  leaden  pipes  be« 
comes  more  or  less  imprrjrnated  with  a  poisonous  solution  of  that  metal; 
a  fact  of  which  the  ancients  were  fully  aware,  and  which  made  them  very 
scrupulous  in  using  it  for  purposes  of  domestic  economy.  Hippocrates 
and  Galen  denounced  its  employment  both  for  cisterns  to  contain,  and 
tubes  through  which  to  conduct  water.  Ancient  architects  were  of  che  same 
opinion  ;  thus  Vitruvius  observes,  that  water  drawn  from  leaden  tubes  is 
very  pernicious,  and  adds,  "  we  should  not,  therefore,  conduct  waccr  in 
pipes  of  lead  if  we  Would  have  it  wholesome."  The  Medical  Transacci  ms 
of  modern  times,  and  works  on  mineral  poisons  abound  with  examples  of 
the  fatal  effects  of  drinking  water  from  reservoirs  and  pipes  of  this  meUil. 

Several  modes  have  been  devised  to  render  leaden  pipes  innoxious.  In 
1804,  an  English  patent  was  obtained  for  coating  their  interior  surfaces 
with  tin.  This  was  clFectcd  in  the  following  manner : — Suppose  a  work- 
man engaged  in  making  tubes  of  half  an  inch  bore ;  he  first  pours  lead  into 
an  iron  mold  and  forms  a  pipe  two  feet  long,  an  inch  thick,  and  nearly  an 
inch  in  the  bore  :  as  soon  as  the  lead  poured  in  becomes  solid,  he  witli- 
draws  the  steel  mandril  which  formed  the  interior  of  the  tube,  throws  in 
a  little  rosin  dust,  and  inserts  a  half  inch  mandril,  between  which  and  the 
inside  of  the  tube  a  certain  space  is  left.  Into  this  space  he  then  pours 
melted  tin,  which  as  it  collects  below,  causes  the  rosin  to  float  on  its  sur- 
face, as  it  rises  to  the  top,  and  lubricates  the  hot  sides  of  the  leaden  tube. 
Both  metals  thus  become  united,  and  when  the  tin  becomes  solid  the  man- 
dril is  taken  out ;  and  the  tube,  thus  plated  with  tin,  is  passed  to  the  draw 
bench,  and  drawn  out  to  the  required  length  like  an  ordinary  leaden  uibe. 
There  is  some  difficulty  in  making  the  tin  unite  uniformly  to  the  lead,  and 
when  this  does  not  take  place  the  pipes  are  apt  to  be  broken  in  drawing ; 
for  as  the  two  metals  do  not  stretch  equally,  the  thin  lining  of  tin  is  pulled 
apart ;  and  if  the  lead  does  not  separate  at  the  same  place,  its  surface  is 
exposed,  and  the  strength  of  the  tube  greatly  diminished  at  such  places.— 
(Repertory  of  Arts,  2d  series,  vol.  v.) 

In  1620  another  English  patent  was  issued  for  a  similar  plan,  the  dif^ 
ference  consisting  chiefly  in  a  mode  of  better  securing  the  union  of  tlie  tin 
with  the  lead. — Ibid.  vol.  xxxviii. 

In  1832,  the  author  of  this  volume  took  out  a  patent  for  coating  leaden 
pipes  with  tin,  by  passing  them,  after  being  drawn  and  otherwise  finishedi 
through  a  bath  of  the  fluid  metal.  As  there  is  a  difference  in  the  fusing 
points  of  tin  and  lead  of  about  200^  Fahrenheit,  there  is  no  difficulty  in  the 
process.  By  this  plan  tubes  are  effectually  tinned  both  inside  and  out,  and 
any  imperfections  or  fissures  are  soldered  up.  The  operation  is  exceed- 
ingly simple  and  the  expense  trifling.  The  process  is  patented  in  England, 
where  the  tubes  are,  we  believe,  more  extensively  used  than  in  this  coun- 
try.— (See  Journal  of  the  Franklin  Institute  for  November,  1832,  and 
May,  1835.) 

Valves  and  Cocks  are  too  essential  to  hydraulic  engines  to  be  omitted 
in  this  work.  The  principle  of  the  valve  has  always  been  in  use  for  a 
variety  Df  purposes.  Doors  are  valves,  and  were  so  named  by  the  ancients. 
Those  of  the  private  apartments  of  Juno  were  contrived  by  Vulcan  to  close 
of  themselves.     Thus  Homer  sings  : 

*  In  one  of  the  apartmentfl  of  a  villa  at  Pompeii,  there  was  a  larite  glazed  bow-win 
dow.  The  glam  wan  thick,  tinged  with  green,  and  *'  set  in  lead  liicA  a  modern  casement. 
-  (See  Encye.  Autitj.  pp.  57,  3U8.) 
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Toucbdd  wiih  tho  socret  koy,  tho  doora  unfold ; 

Self-closed  behind  her  shut  the  valves  of  gold.*  JUad,  x\v. 

It  18  probable  that  all  valves  wero  originally  in  the  form  of  Jourd  ;  that 
le,  mere  flaps  or  clacks  moving  on  a  hinge,  and  either  laying  horizoiiuiUy 
like  a  trap-door,  inclined  like  some  of  our  cellar  doors,  opening  vertically 
as  an  ordinary  door,  or  suspended  by  hinges  from  the  upper  edge  ;  an  J 
Miruetimes  they  consisted  of  two  leaves  like  folding  doors.  Examples  of 
all  these  are  still  common.  Isis  was  represented  by  the  ancient  Egyptians 
wich  '*  the  key  of  the  sluices  of  the  Nile"  in  her  hand  ;  the  instrument  by 
wnir.h  the  doors  or  valves,  like  the  locks  in  our  canals  were  opened  and 
closed. 

The  most  anci'^nt  musical  wind  instruments  known  in  the  Eastern  world 
are  provided  w'th  valves,  as  the  primitive  bag-pipes,  and  the  Chinese 
variation  of  this  instrument,  which  Toreen  describes  as  consisting  of  "  a 
hemisphere  to  which  thirteen  or  fourteen  pipes  are  applied,  and  catching 
tho  air  blown  into  it  by  valves."  The  pabtoral  flute  of  Pan,  from  its 
expressing  thirty-two  parts,  he  supposes  to  have  been  of  a  similar  con- 
struction. (Osbeck's  Voyage,  ii,  248.)  Valves  were  of  course  employed 
in  the  organs  of  Jubal,  as  well  as  in  the  bellows  belonging  to  his  celebrated 
brother  and  other  antediluvian  blacksmiths.  The  ninth  problem  of  th« 
Spiritalia  relates  to  valves.  Conical  metallic  valves  were  used  by  Ctesi* 
bins  in  the  construction  of  clepsydrsa.  In  most  of  the  old  representationa 
of  pumps,  haps  of  leather,  loaded  and  stiffened  with  pieces  of  wood  or 
lead  are  ligured.  Agricola  has  given  figures  of  no  other.  These  clacks^ 
as  ihey  are  named,  are  in  most  cases  preferable  to  the  most  perfect  spheri- 
cal or  conical  valves  of  metal :  the  smallest  particle  of  sand  adhering  to  these 
makes  them  leak  ;  besides  which,  they  are  liable  to  stick.  We  have  known 
them  replaced  with  common  clacks.  Amontons,  in  experimenting  with 
a  forcing  pump,  found  the  valves,  which  were  of  highly  polished  metal 
and  well  fitted,  adhere  so  strongly  to  their  seats,  that  he  had  to  substitute 
leather  clacks  for  them. 

The  spindle  valve,  or  such  as  have  a  lon^  shank  to  prevent  their  rising 
too  high,  and  guiding  them  when  descending,  is  said  to  be  of  French 
orisfin. 

We  have  sometimes  used  a  simple  valve  on  the  lower  box  of  a  pump. 
It  consisted  of  a  short  pipe  of  thin  and  very  soft  leather  secured  to  the 
upper  side  of  the  box.  When  the  sucker  was  raised,  the  water  rushed 
through  this  pipe,  and  when  the  stroke  ceased,  it  was  instantly  collapsed 
by  the  pressure  of  the  fluid  above  it,  and  then  fell  down  on  one  side  of 
the  box. 

Cocks  are  a  species  of  valve,  but  not  self-acting  like  the  latter.  In 
pumps  and  bellows  the  momentum  of  the  entering  fluids  opens  the  valves, 

*  Doors  opened  and  closed  by  secret  machinery  were  formerly  much  in  voj^iie.  Heron 
made  those  of  a  temple  thas  to  act.  Vitruvius  speaks  of  doors  that  closed  by  themselves, 
(and  when  opened,  rose  sufficiently  high  to  clear  the  carpet.)  In  the  old  cities  of  Eu- 
rope, the  gates  were  moved  by  concealed  mechanism  to  prevent  a  surprise.  Those  at 
Augsburg  were  famous.  A  single  person  only  could  enter  at  a  time,  ana  he  was  inclosed 
between  two  gales  till  the  object  of  his  visit  was  ascertained.  As  soon  as  he  approached 
the  first  one,  it  opened  of  itself,  he  entered,  **  and  it  closed  upon  his  heels."  On  reach- 
ing the  second  it  acted  in  like  manner.  During  these  operations,  the  visitor  saw  do 
person,  although  he  was  exposed  to  the  scrutiny  of  officers  within.  The  magistrates  of 
Nuremburg,  desiring  to  have  a  sate  of  the  same  kind  for  the  security  of  their  city,  sent 
■ORH*  engineers  to  take  a  model ;  but  after  several  examinations,  they  returned  home 
and  reported  "that  without  pulling  down  the  walls,  and  all  the  masonry,  it  was  not  in 
the  power  ofBtdzMb  himself  to  tind  out  how  it  was  contrived,  or  to  make  one  liko  it 
in  a  tliousand  yean."— (Blaiuville  s  Travels,  i,  250.) 
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while  their  own  weight  serves  to  close  them  ;  but  in  ordinary  cocks,  the 
plugs  must  be  turned  by  some  external  force.  Cocks  of  wood,  brass,  and 
other  metals,  and  made  on  the  principle  of  those  now  in  use  are  extremely 
ancient.  There  is  reason  to  believe  that  ancient  modifications  both  of  valve 
and  plug  cocks  were  quite  as  numerous  as  modem  ones.  It  is  certain 
that  the  Greeks,  Romans  (and  most  probably  the  Babylonians  and  Egyp- 
tians also)  had  far  richer  specimens  of  these  instruments,  both  as  regards 
the  material  and  workmanship  than  any  thing  of  the  kind  in  modern  days. 

Horus  Apollo,  or  Horapollo,  an  Egyptian  of  the  fourth  ceritury,  wit)le 
a  work  "  Concerning  the  Hieroglyphics  of  the  Egyptians,"  and  he  informs 
us  that  the  priests  gave  the  form  of  a  lion  to  '*  the  mouths  and  stops  [cocks] 
of  consecrated  fountains,"  because  the  inundation  of  the  Nile  occurred 
when  the  sun  was  in  Leo. — (Encyc.  Anti.  i,  185,  note.) 

The  contents  of  those  enormous  metallic  vases  mentioned  in  both  sacred 
and  profane  history,  were  undoubtedly  discharged  through  cocks,  although 
these  are  not  always  indicated  :  as  the  laver  of  brass  made  by  Bezaleel 
out  of  the  mirrors  of  the  Israelitish  women  :  the  brazen  sea  also,  which 
was  cast  by  a  Tyrian  brass-founder  for  Soloii.on.  This  unrivaled  vase 
was,  according  to  Joseph  us,  of  an  hemispherical  form.  It  was  sixteen 
feet  in  diameter  and  between  eight  and  nine  in  depth  ;  "  an  hand-breadth" 
in  thickness,  and  contained  about  15,000  gallons.  The  brim  was  wrought 
like  the  brim  of  a  cup,  with  flowers  of  lilies ;  "  and  under  the  brim  of  it 
round  about,  there  were  knops  cast  in  two  rows  when  it  was  cast."  It 
was  supported  on  a  pedestal  which  rested  on  twelve  brazen  statues  of 
oxen,  from  whose  mouth  the  liquid  is  supposed  to  have  been  drawn. 
This  splendid  vessel  was  removed  from  oif  the  statues  by  Ahaz — "he 
took  down  the  sea  from  off  the  brazen  oxen  that  were  under  it,  and  put  it 
upon  a  pavement  of  stones."  It  was  subsequently  carried  to  Babylon  by 
Nebuchadnezzar. 

When  Sylla  pillaged  the  temple  of  Delphi,  he  found  a  vase  of  silver  so 
large  and  heavy  that  no  ordinary  carriage  could  support  it.  He  therefore 
had  it  cut  up.  (Plutarch  in  Sylla.)  Herodotus,  i,  51,  in  enumerating  the 
gifts  of  Croesus  to  the  same  temple,  mentions  a  cistern  of  gold,  and  une 
of  silver  of  immense  dimensions,  (perhaps  the  same  taken  by  Sylla,)  also 
silver  ca^ks  and  basins — that  these  had  cocks  is  certain,  for  he  observes 
that  a  statue  of  a  boy  was  attached  to  one  of  them,  and  the  water  was 
discharged  through  one  of  his  hands.  This  shows  how  variegated  were  the 
figures  and  orifices  of  ancient  cocks.  The  Japanese  indulge  a  similar  taste, 
and  have  doubtless  inherited  it  from  their  remote  progenitors.  Some 
of  their  bronze  idols  are  made  to  serve  as  JhuntainSy  and  the  water  issues 
from  tJie  fingers  of  some,  while  others  hold  a  vase  from  which  it  flows,  as 
in  the  Greek  and  Roman  designs  of  Oceanus  and  Neptune.  The  Dutch 
on  first  visiting  the  Japanese  found  the  baths  of-  these  people  supplied 
with  cold  and  warm  water  by  means  of  pipes  "  and  copper  cocks." — 
(Montanus*  Japan,  translated  by  Ogilby,  pp.  94,  279,  449,  and  Thunberg's 
travels,  iii,  102.) 

Bronze  or  brass  cocks  were  as  common  in  old  Rome  and  probably  other 
ancient  cities,  as  they  are  in  any  modern  one.  The  immense  number  of 
pipes  that  conveyed  water  to  the  houses,  baths,  fountains,  &c.  must  have 
kept  a  great  number  of  founders  constantly  at  work  in  making  and  re- 
pairing them.  We  learn  from  Vitruvius  that  every  main  pipe  that  passed 
throuffh  the  streets,  had  a  large  cock,  by  which  the  water  was  let  in  or 
excluded,  and  that  these  cocks  were  turned  as  similar  ones  now  are,  with 
an  in)n  key.  Several  specimens  of  ancient  cocks  are  extant.  Among 
these,  a  very  large  one  discovered   in  the  ruins  of  a  temple  built  by 
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Tiberius  at  Capri,  and  preserved  ia  the  Museum  at  Naples,  is  nut  th* 
least  interesting.  No.  273  Is  a  figure  of  it.  The  plug  has  become  by 
tune  immoveahle,  and  having  been  shut 
when  last  used,  the  water  within  it  it 
Slill  confineil.  This  is  made  evident, 
for  when  two  men  raise  the  cock,  the 
\  splashing  sound  of  the  fluid  is  distinctly 

I       This  cock  was  found  attached  to  a 
reservoir,  but  in  what  manner  it  was  con- 
nected we  know  not— by  solder  ?  screws  ! 
— particulars  that  cannot  be  determined 
-,»_,.,,  u  „,,  by  the  sketch.     Had  we  an  opportunity 

vt  examming  it  we  would  endeavor  to 
ascertain  its  weight,  dimensions,  &c. — whether  the  substance  of  the  plug  and 
chamiier  are  the  same,  and  if  the  former  is  secured  in  the  latter  by  slightly 
riveting  its  lower  edge,  as  in  our  small  cocks,  or  by  a  washer  and  screw 

The  mode  of  forming  the  hand!e,  or  that  part  by  which   the  ping  is 
turned,  in  a  separate  piece  from  the  latter,  is  decidedly  superior  to  the 


z  both  ii 


ej)>e 


to  throw  aside  a  cock  and  replace  it  with  a  new  one,  simply  because  th'ii 
part  has  lieen  broken  from  the  plug,  and  can  only  be  remedied  by  replacing 
the  latter  with  it.  Now  this  would  never  occur  if  cocks  were  made  like 
this  ancient  one,  for  the  part  alluded  to  might  be  renewed  with  the  same 
facility  as  the  key  of  a  door  or  the  handle  of  a  hammer.  Tho  mode  of 
attaching  this  part  to  the  plug  by  sliding  it  between  two  dope'laUed  groovet, 
is  ingenious,  amiple,  and  very  effective. 

In  a  great  portion  of  modern  cocks  the  area  oFihe  opening  through  the 
plug  seldom  exi'.peds  one  half  of  that  through  ihe  chamber;  but  in  the 
above  one,  the  chamber  is  sufHciently  large  to  allow  a  uniform  passage- 
way throughout. 

The  modem  name  of  these  instruments  is  supposed  to  have  arisen  froin 
their  having  been  made  in  the  form  of  the  male  of  the  domestic  fowl ; 
hence  weather-cock,  the  cock  of  a  gun,  tec. 

The  lusury  of  the  Romans  under  the  empire  led  them  to  monstroua 
excesses,  particularly  with  regard  to  baths  ;  the  water  to  supply  which 
was  often  conveyed  through  pipes  of /«[r<  *i7(w,  and  of  course  through 
eocki  of  Che  tame.  Seneca,  in  a  letter  to  Lucilius,  describing  the  humble 
villa  of  the  great  Scipio,  deplores  this  degenerncy  of  his  countrymen.  "  I 
write  to  you  [he  saysj  from  the  villa  of  Scipio  Africanus,  where  I  at  present 
am,  and  have  worshipped  his  manes  and  his  altars ...  I  surveyed  this  villa, 
which  is  built  with  square  stone  and  surrounded  with  a  wall.  I  viewed 
the  grooves  and  towers  planted  and  erected  on  each  side  ;  a  capacioui 
cistern  and  basin  for  water  is  below  the  house  and  gardens,  large  enough 
to  supply  a  whole  army;  next  a  small  bath,  and  that  something  dusky. 
It  was  a  sensible  pleasure  to  compare  the  manners  of  Scipio  with  oura. 
In  this  little  hole,  this  corner,  did  that  terror  of  Carthage,  to  whom  alone 
Rome  owed  her  not  being  taken  a  second  lime,  wash  and  refresh  himself 
»fter  being  tired  with  his  country  toils  ;  for  he  used  the  country  exercises 
mnd  ploughed  his  ground  himself,  as  the  ancients  were  wont  lo  do.  Be- 
neath this  humble  roof  he  stood,  and  this  plain  unartful  floor  supjKirted 
him.  Who  now,  in  our  days,  would  endure  so  mean  a  bath  1  Every  man 
DOW  thinhl  himself  poor  if  the  walls  of  his  bath  shine  not  with  large  orbs 
of  precious  stones— unless  the  Alexandrian  marble  be  embossed,  crusted 
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over  and  varied  wiih  NumiJIan  borderings — unless  th«y  are  coTered  with 
Mosaic — if  the  vaulted  roof  be  not  of  glajs — unless  the  Thuiian  stone, 
formeriy  so  rare  and  only  to  be  found  in  same  particular  temple  or  public 
building.  line  the  cistern,  into  which  he  descends  after  sweating,  wiihoul 
•ou)  or  life,  if  tlie  water  pours  not  on  him  from  tUver  coniluiU.  I  speak 
now  only  of  tlw  pipes  and  baths  of  the  vui^r ;  but  what  shall  I  say  when 
1  come  to  those  of  the  freed-men  T  How  many  statues !  How  many  row» 
of  pillars  supporting  no  weight,  but  placed  there  merely  for  the  sake  of 
expente  and  ornament  I"  Sec,  ice. 

No.  S74  is  another  ancient  cock 
from  the  third  volume  of  Moiiifau- 
con's  Antiquities.  It  will  serve  aa 
a  specimen  of  the  richness  and  va> 
riety  of  ornamonl  with  which  these 


rated.  The  ligure  standing  on  the 
head  of  a  dolphin,  and  which  form- 
ed the  handle  by  which  the  cock 
was  opened  and  closed,  is  supposed 
to  have  rcprcscnicd  the  Genius  of 
the  garden,  in  which  the  fountain 
was  placed.  Another  highly  orna- 
mented cock,  or  rather  part  of  one, 
is  also  engraved  in  the  same  work; 
but  as  it  appears  to  be  merely  that 
part  by  which  the  plug  was  turned. 
It  is  omitted.  There  are  several 
bronue  jet  pipes  for  fountains  ex- 
tant, and  in  great  variety  of  shapes. 
They  were  sometimes  plated  with 
J  gold,  as  appears  from  traces  of  it 
'  left  on  some  of  them. 
I(s.n4   Aa^Mt laau osok.  Much  additional  information  re- 

Bpeciing  the  use  of  cocks  among  the 
Romana  has  been  obtained  from  the  rums  of  Herculaneum  and  Pompeii. 
Several  have  been  found  in  the  houses  and  liHtlis.  Some  were  allached  In 
pijiea,  fountains,  and  to  boilers  on  largo  moveable  tripods,  or  braxiers,  and 
also  to  urns  or  vases,  similar  to  our  tea  and  coffee  urns.  Most  of  them 
are  ornamented  with  lions'  heads,  &c.     In  one  brazier,  the  cock  is  quite 

flain,  and  resembles  those  which  are  known  to  plumbers  aa  ttnp-cork*. 
n  Eome  of  the  braziers,  the  graie  bars  are  fiollow,  that  the  water  might 
ciroilaie  through  them,  and  the  cocks  are  inserted  just  above  the  bottom 
of  the  boilers,  that  a  little  water  might  always  be  retamed  to  prevent  the 
fire  friira  destroying  them. 

In  the  baths  of  Clandcvt  the  water  ran  through  pipft  oftilrer.  At  liB 
nuvium,  in  the  ruins  of  a  villa  of  Afitrminui  Pivi,  a  silver  cock  was  found 
which  served  for  a  fountain.  It  weighed  thirty-five  Roman  pounds,  and 
was  inscribed  "  Faustina;  Nostrte."— (Encyc.  Anliq.  vol.  i,  456.)  I  was 
ahown,  says  Bkeval,  in  his  "  Remarks  on  Europe,"  several  curious  frag- 
ments that  had  been  dug  out  of  the  gardens  of  Mscenas.  Among  these, 
were  some  Jiuge  leaden  pipes  that  conveyed  the  water  from  the  Claudian 
aqueducts  into  a  subterraneous  bathing-room.  The  magnificence  of  the 
place  must  have  been  suitable,  no  doubt,  to  the  immense  wesllh  and  deli- 
cacy of  s  Roman  of  his  rank  ;  especially,  if  what  I  was  assured  was  Cm 
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fact,  that  some  lesser  tubes  discovered  among  the  same  rubbish  were  of 
iciid  silver. 

Nothing,  says  Blainville,  could  equal  in  richness  the  apartments  of  Ca- 
racalld's  baths.  Columns,  statues,  rarest  marbles  and  jaspers,  and  picturea 
of  an  immense  value  were  lavished  on  every  one  of  them.  The  very  pipes, 
both  large  and  small,  which  conveyed  water  into  the  bathing  apartments, 
were  all  of  i\ie  JineH  silver.  This  particular  is  recorded  by  several  [ancient] 
authors,  and  among  others  by  Statins. 

Otho,  in  a  feast  given  to  Nero,  almost  deluged  his  guests  with  a  most 
precious  liquid  perfume,  which,  "  by  opening  certain  C0f;ks,**  gushed  out 
of  silver  and  golden  tubes  that  were  placed  in  different  parts  of  the  room. 

As  water  was  conveyed  by  pipes  into  the  houses  and  temples  of  ancient 
Mexican  and  Peruvian  cities,  it  might  thence  be  concluded,  in  the  absence 
of  direct  testimony,  that  corkSf  at  least  wooden  spigots,  were  in  use  also  ; 
but  there  is  evidence  of  the  fact.  We  are  informed,  that  in  a  palace  of 
Atabajipa,  there  was  a  bath  or  "  golden  cisterne,  whereto  were  by  two 
pipes  from  contrary  passages,  brought  both  cold  water  and  hot,  to  use 
them  mingled  or  asunder  at  pleasure."  (Purchas*  Pilgrim,  1073.)  Now 
that  these  pipes  were  furnished  with  cocks,  is  expressly  asserted  by  Gar- 
cilasso,  in  a  passage  we  have  already  quoted.  (See  page  170.)  Cisterna 
and  pipes,  both  of  silver  and  gold  were  used  in  the  temple  at  Cusco. 

**  Golden  pipes"  are  mentioned  by  the  prophet  Zechariah,  iv,  2  and  12. 

We  gave  a  figure  of  a  siphon  cock  at  Nos.  265-6,  and  shall  here  descnb»3 
a  sliding  one,  contrived  and  used  by  us  several  years  ago.  A,  No.  275  re- 
presents  a  short  brass  or  copper  tube,  with  a  stuffing-box  fitted  to  its  uppe* 
end :  the  lower  end  is  soldered  to  a  pipe  proceeding  from  a  reservoir, 
or  from  a  main  in  the  street.  B  a  smooth  and  smaller  tube,  having  its 
lower  end  closed,  works  through  the  stuffing-box  :  to  its  upper  end, 
which  is  also  closed,  a  knob  or  handle  is  fixed,  and  just  below,  there  is  a 
spout  for  discharging  the  water.  At  the  middle  of  B,  a  number  of  holes 
are  drilled  through  its  sides,  or  they  may  be  in  the  form  of  slits.  Now 
while  these  openings  are  kept  above  the  stuffing-box  (as  shown  in  tho 
cut)  no  water  can  be  discharged  ;  but  as  soon  as  B  is  pushed  down,  so  as 
to  bring  them  below  tlie  stumng-box,  the  fluid  rushes  through  them  and 
escapes  at  the  spout.  To  stop  the  discharge  B  is  then  raised,  as  in  the 
figure.  There  snould  be  one  or  two  small  projecting  pieces  near  the  lower 
end  of  B  to  prevent  its  being  pulled  entirely  out  of  A.  The  pressure  of 
the  water  tends  to  keep  B  from  sliding  down,  when  the  instrument  is  not 
in  use,  even  if  the  friction  of  the  stuffing-box  were  not  sufficient  The 
external  edges  of  the  slits  should  be  smooth  to  prevent  them  from  catch- 
ing hold  of  the  packing  while  passing  through  it  Of  this,  there  is  however 
but  little  danger  in  small  cocks,  and  in  those  of  larger  size,  that  part  of  B 
through  which  they  are  made  might  be  slightly  contracted. 

No.  276  represents  one  of  these  cocks  attached  to  a  cistern,  with  the 
openings  within  the  stuffing-box,  and  consequently  the  fluid  escaping. 
The  length  of  the  slits  should  always  be  less  than  the  depth  of  the  packing. 

No.  277  exhibits  a  stop-cock,  or  one  whose  ends  are  straight  and  alike, 
(such  as  plumbers  solder  in  the  middle  of  pipes.)  A  straight  tube  C  D 
is  closed  by  a  partition  or  disk  in  the  middle  of  its  length  :  as  the  water 
which  flows  from  the  reservoir  always  remains  in  the  end  C,  the  object  is 
to  open  a  communication  for  it  to  pass  into  D.  To  accomplish  this,  slits 
or  other  shaped  openings  are  made  through  the  pipe  on  both  sides  of  the 
disk,  and  a  shorter  but  wider  tube  E,  with  a  stufiing-box  at  each  end  is 
fitted  to  slide  over  C  D.  Thus,  to  allow  water  to  pass  into  D,  all  that  is 
required  is  to  move  E  (by  the  two  projecting  handles)  till  both  series  o! 
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openings  are  mclosed  hy  It ;  wliile  to  stop  the  flow  through  D,  E  must 
be  moved  back  towardii  C  as  in  the  ^ure.  The  upper  ligure  in  the  cut 
U  another  form  of  the  sani<>  thing.  The  sliding  tube  H  U  the  smallest, 
and  has  one  end  closed  like  Nos.  STfi  and  276,  while  F  and  G  are  sepa- 
rste  pieces.     Its  action  will  be  sufficiently  obvious  from  the  preceding 


\'i 


Large  cocks  on  this  principle  may  be  made  for  half  the  cnat  of  ordinary 
ones,  while  the  expense  of  keeping  them  in  order  is  loo  trifling  to  te 
noticed — occasionally  to  renew  the  packing  is  all  thai  coutd  be  re<)uired. 
Water- Clot  fit  have  been  graotly  improved  by  modern  artists,  but  they 
are  an  ancient  and  probably  Asiatic  device.  The  summer  chamber  of 
Eglon,  king  of  Moab,   (Jud^ps,  iii,  20-25)  is  supposed  Ki  have  been  one. 
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Water-closets  seem  to  have  lieen  always  used  in  the  East,  and  f.ir  rt h 
B<>ns  which  Tavernier  and  other  oriental  travelers  have  assigned.  Kumbers 
are  erected  near  the  mosques  and  temples.  A  similar  custom  prevailed  in 
olrl  Rome,  Constantinople,  Smyrna,  and  probably  all  ancient  cities.  In 
;he  city  of  FeE,  "  round  about  the  mosques,  are  150  common  bouses  of 
ease,  each  furnished  with  a  cock  and  marble  cistern,  which  scourelh  and 
keepeth  all  neat  and  clean,  as  if  these  places  were  intended  for  Bom« 
Bft-eeter  employmenl."— (Ogilby's  Africa,  1670,  p.  88.)  In  his  "  Relation 
of  the  Seraglio,''  Tavernier  describes  a  gallery,  in  which  were  severtJ 
wmer-ctosets.  "  Every  seat  [he  observes]  has  a  little  cock."  He  mention* 
others,  in  which  the  openings  were  covered  by  a  plate,  which  by  means 
of  a  spring  "turned  one  way  or  tlie  other  at  the  falhng  of  t)ie  least  weight 
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Pronce  Ifeflire  beiii^  known  in  England.  Those  which  ne  has  figured  am 
howm-er  on  the  ajioient  plan,  witliiiuf  tra]H,  and  such  are  still  Co  be  found 
in  firmnial  cities.  They  are  not  to  bn  ciimpared  with  the  modern  ones. 
(See  r/An  du  Henuisier,  folic,  edit.  1770.  PI.  C9  ;  Gell's  Po.npenna  ;  A 
Disserltttion  <in  Places  of  Reliremenl,  Lond.  1751  [  Flyer's  Travels  in 
India  and  Persia,  Lond.  1698.) 

Devices  for  preventing  the  ascent  of  offensive  vapors  from  einltri,  sewers, 
drains,  &c.  are  named  trapi.  As  these  are  simple  in  construction,  and 
applicable  under  ail  circumstances,  and  yet  are  llltle  known,  we  Imve 
insiTicil  a  sketch  of  a  few  of  the  most  conunoo.  They  are  all  modiAca- 
lions  of  ihe  same  jirincipie. 


A  A  represent  a  floor  or  covering  of  a  sink  or  sewer,  and  the  ohjcct  is 

to  discharge  refuse  water  or  slops  of  any  kind  into  the  latter  without 
allowing  currents  of  air  lo  rise  through  the  passage.  No.  278  is  a  leaden 
pipe  bent  at  one  part  into  the  form  of  a  letter  S,  which  part  constitutes 
the  trap.  One  extremity  enters  the  sink,  and  to  the  other,  which  is  turned 
Up  perpendicularly,  the  basin  of  a  water-closet,  or  a  common  funnel  is 
attached.  The  flexures  of  the  tube  must  be  such,  that  whatever  liquid  is 
thrown  down  the  basin,  a  portion  will  aiways  remain  in  the  bent  part 
below  aoa»  lo  seal  the  pat^/i^K  n-mpletely,  as  shown  in  the  cut.  The  basin 
and  trap  may  be  placed  in  a  room  at  any  distance  above  the  sink  or  sewer, 
provided  both  are  connected  by  an  air-lighl  tube. 

No.  S79  is  named  a.  D  trap,  from  its  resemblarce  to  that  letter.  It  is 
of  the  kind  generally  used  in  water-closets,  for  which  purpose  it  is  alwaya 
made  of  lead,  and  about  twelve  inches  long,  five  wide,  and  ten  or  eleven 
deep.  The  pipe  that  enters  the  sink  is  soldered  to  one  end  and  near  the 
top.  The  other  one  to  which  the  basin  is  attached  descends  six  or  seven 
inches  through  the  top  at  the  opposite  extremity  of  the  trap.  By  thia 
arrangement  water  is  retained  within  to  a  level  with  the  lower  edge  of  the 
pipe  that  enters  the  sink,  while  the  perpendicular  pipe  dips  between  one 
and  two  inches  below  the  surface.  Hence  although  impure  air  in  the  sink 
can  readily  ascend  into  the  trap,  it  cannot  enter  the  tube  on  which  the 
basin  is  placed  ;  for  to  do  so,  it  would  have  to  descend  through  two  inches 
of  the  water  to  leach  the  orifice  of  the  tube  ;  and  then  to  ascend  through 
an  equal  column  within  the  latter  before  it  could  rise  into  the  basin. 

No.  280  is  a  tJirm  of  trap  used  over  the  openings  of  street  sewers,  for 
vhich  purpose  they  are  commonly  constructed  of  stone  or  brick  and  IJni'd 
with  cement.  The  figure  is  that  of  a  square  box  open  at  lop.  A  pipe  i<! 
inserted  through  the  bottom  at  one  side  to  connect  it  with  ihe  sewer.  This 
pipe  stands  about  ball"  way  up  the  inside  of  the  box,  and  above  it  there  ia 
B  bent  rectangular  partition  aiiaciied  si  three  of  its  sides  to  the  box,  while 
tlie  fi/urth  side  extends  ioio  the  middle  and  dips  two  inches  below  the 
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crlfice  of  the  pipe,  and  consequently  that  depth  in  water,  thus  CLtting  off 
all  external  communication  with  the  air  in  the  sewer.  A  loose  grate  Rta 
into  a  recess  on  the  edge  of  the  box,  and  is  occasionally  i*emoved  to  take 
out  the  dirt  that  passes  the  grate.  Small  traps  of  the  kind,  and  made  of 
cast  iron,  are  sometimes  used  in  the  drains  of  private  houses. 

No.  2S1  is  named  a  bell  trap  from  its  figure.  Such  are  generally  of 
small  dimensions,  and  are  mostly  used  in  kitchens,  over  the  channels  or 
tubes  through  which  refuse  fluids  are  discharged  into  sinks  or  drains.  The 
end  of  the  pipe  projects  two  or  three  inches  into  the  trap,  consequently  a 
quantity  of  water  must  always  remain  within  at  the  same  elevation.  Over 
the  pipe  a  bell  or  inverted  cup  dips  about  half  an  inch  into  the  water,  and 
is  of  such  a  size  as  to  leave  sufficient  room  for  the  fluid  to  descend  between 
it  and  the  sides  of  the  trap,  and  also  to  pass  under  its  edge  and  rise  into 
the  pipe,  and  so  escape  into  the  drain.  The  cup  or  bell  is  coimected  to  a 
brass  grate  that  drops  into  a  recess  cast  round  the  inner  edge  of  the  trap. 

The  origin  of  traps  is,  we  believe,  unknown.  The  principle  is  precisely 
the  same  as  in  the  water-luto  of  old  chemists.  Glauber  used  contrivances 
identical  with  Nos.  27S  and  281,  instead  of  cocks  to  close  retorts,  &c.  In- 
stead of  water  he  sometimes  used  mercury,  when  the  contents  wore  of  a 
oormsive  nature. 
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iofea  B«w— Pbo«ioii--W«ll  wonhfp— Wells  with  ■tair»*-To«ni«-t-iochi>— RaUiny  wtter  by  ■  ter«i^- 
PerptttMai  moiionfl^-Chun  pampa  la  ihipa— Sprinkling  pots— Old  frictionlew  pamp— Water  po«r«r« 
Vttlean'«   trip-hamm«rv~>BoUpilea— Blow.pip«->Pliiloaoplitcal  beU3wi ~Charf iug  eolipile*— Eollpilla 
idols  referred  to  in  the  Bible— Palladian—Labaa*!  imaf  ea^Expaiuive  force  of  •team— 4toaui  aad  air 
Wiad  mills^lmprieoninf  chain. 

Some  facts  and  observations  having  occurred  to  us  during  the  progrosn 
of  this  work  which  could  not  be  inserted  in  their  proper  places,  a  few  are 
added  by  way  of  appendix.  While  engaged  on  the  last  chapter,  a  large 
collection  of  old  books  was  imported  into  this  city  from  Europe,  in  which 
we  fortunately  found  a  perfect  copy  of  **  Nature  and  Art,'*  mentioned 
at  pp.  821,  421.  From  the  title,  which  is  annexed,  it  will  be  seen  that 
our  conjectures  respecting  its  author  and  date  of  publication  were  correct. 
'•  The  Mysteries  of  Nature  and  Art  in  fuure  severall  parts.  The  first  of 
water- works  :  the  second  of  fire- works  :  the  tliird  of  drawing,  washing, 
limning*,  painting  and  engraving  :  the  fourth  of  sundry  experiments.  The 
tecond  eaitwn,  with  many  additions  unto  every  part  By  John  Bate, 
Lond.  1635.'' 

At  page  19,  we  quoted  an  example  of  frugality  in  Dentatus  cooking  his 
simple  food  while  he  swayed  the  destinies  of  Rome.  There  is  a  parallel 
case  in  one  of  the  most  virtuous  of  the  Greeks,  viz.  P/iocion,  Alexander 
esteemed  him,  but  could  never  induce  him  to  accept  of  gifls,  although  he 
was  always  poor.  At  one  time  the  Macedonian  warrior  sent  him  out  of 
Asia  a  hundi-cd  talents  as  a  mark  of  his  regard  ;  but  when  the  envoys 
arrived  with  the  treasure  at  Athens,  Phocion  was  inflexible— he  would 
not  touch  it.  They  then  followed  him  to  his  house,  and  were  astonished 
beyond  measure  to  Bnd  the  wife  of  this  truly  great  man  making  bread,  and 
himself  drawing  water, 

WorsJdp  o/iVclU,  pp.  33-37.  "  The  worship  of  this  well  of  St.  Edward 
was  particularly  forbid  by  Oliver  Sutton,  bishop  of  Lincoln,  in  the  time 
of  Edward  I.  This  well  worship  is  strictly  forbidden  in  King  Edgar's 
canons,  and  K.  Cnute's  laws,  as  'twas  in  a  council  at  London  under 
Archbishop  Anselm,  in  the  year  IIO.'J ;  and  some  of  our  best  criticks 
observe  that  what  is  translated  wUl-vrovsh\p  in  Colossians,  ii,  23,  should 
be  trc/Z-worship."— Hearne's  Preface  to  Robert  of  Gloucester's  Chronicle.) 

Wells  with  Stairs,  p.  53.  An  extraordinary  well  of  this  kind  was  built 
by  Pope  Clement  VII.  in  1628.— (See  Lond.  Mechanics'  Mag.  vol.  ii,  208.) 

TaurnC'broche,  p.  75.  In  the  33d  year  of  Henry  VI.  A.  D.  1454,  an 
ordinance  was  established  for  reducing  the  expenses  of  the  king  s  house- 
hold. Instead  of  a  larger  number,  only  "  vj  children  of  ye  kechyn  tourne- 
broches"  were  appointed,  i.  e.  to  turn  the  spits. — (Proceedings  and  Ordi- 
jjances  of  the  Privy  Council  of  England,  edited  by  Nichols,  vol.  vi,  229.) 
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Raising  Water  through  a  Screw,  p.  I'lO.  Some  persoTis  deceived  bj 
the  apparent  facility  of  working  a  water  screw,  especially  when  its  jour 
lals  arc  delicately  fitted  to  their  bearings  and  they  turn  with  little  friction, 
*Tuagine  that  it  I  ot  only  elevates  the  liquid  with  a  less  expense  of  force 
(han  any  other  ni  ichine,  but  with  less  than  is  due  to  the  quantity  raised  ; 
hence  it  has  often  been  adopted  in  projects  for  the  {lerpetual  motion.  When 
arranged  so  as  tc  be  turned  by  an  overshot  tc?tecf,  it  constitutes  one  half  of 
the  first  attempts  at  a  solution  of  that  impossible  problem,  under  ths  im- 
pre.<t>ion  that  it  would  raise  and  discharge  upon  the  wheel  all  the  water 
<"xpended  in  moving  it !  The  inclined  |K)sition  of  a  water- screw  is  sup- 
posed to  contribute  to  this  imaginary  result,  for,  say  these  reasoners,  the 
water  then  arrives  at  the  top  by  naturally  flowing  along  each  convolution, 
while  the  force  consumed  is  little  if  any  more  than  would  be  required  to 
turn  the  tube  if  empty  ! — the  fluid  being  thus  raised  in  a  different  manner 
and  with  much  less  force,  than  when  lifted  directly  and  perpendicularly 
by  the  piston  of  an  atmospheric  pump,  or  driven  up  by  that  of  a  forcing 
one ! 

In  these  projects,  the  action  of  the  wheel  depends  of  course  as  much 
upon  the  screw,  as  that  of  the  latter  does  upon  the  wheel ;  in  other  words, 
each  is  designed  to  turn  th«  other  :  but  the  very  idea  of  two  machines 
reciprocally  moving  each  other  at  the  same  time  is  palpably  absurd.  The 
two  forces  will  either  be  equal  or  unequal.  If  they  are  alike  both  would 
be  in  equilibrio,  and  the  machines  would  remain  at  rest ;  and  if  at  any 
time  one  force  exceeded  the  other,  the  same  result  would  necessarily  take 
place,  for  the  smaller  could  not  then  overcome  the  greater.  If  the  wheel 
could  transmit  its  entire  force  to  the  screw,  (undiminished  by  resistance 
from  the  air,  the  friction  of  its  bearings  and  that  of  the  intermediate  me- 
chanism,) it  would  still  be  impossible  for  the  latter  to  return  it,  because  to 
do  so  a  greater  force  than  that  derived  from  the  wheel  would  be  required  ; 
a  machine  cannot  be  moved  and  at  the  same  time  move  its  mover. 
When  moved,  its  force  is  less  than  that  by  which  it  is  moved  ;  and  i£  it 
becomes  the  mover,  its  force  must  exceed  that  of  the  machine  to  which  it 
imparts  motion. 

The  effect  of  any  machinery  composed  of  levers,  cranks,  wheels,  &c. 
and  moved  by  water,  animals,  or  men,  can  never  exceed  the  power  that 
moves  it  for  there  is  nothing  in  wood,  iron  and  brass,  or  in  any  combina- 
tion of  them,  by  which  they  can  create  Jorcc^  or,  what  is  the  same  thing, 
give  out  more  than  is  imparted  to  them.  As  well  might  we  expect  to  sec 
a  carriage  returning  of  itself  from  a  long  journey,  and  laden  with  the  horses 
that  drew  it  from  home. 

i^^ilkins  has  given  a  chapter  in  his  Mathematical  Magic  on  "  composing 
a  perpetual  motion  by  fluid  weights."  His  prominent  plan  was  raising 
water  by  a  screw,  and  discharging  it  on  float  boards  attached  to  the  screw 
itself.  He  quotes  older  authors  who  indulged  the  same  whim.  Visioua 
cf  great  mechanical  discoveries  often  burst  upon  the  ingenious  prelate,  as 
well  as  on  lay  inventors  :  in  such  seasons  he  was  in  ecstacies.  When  he 
r.rsc  thought  of  obtaining  power  by  means  of  a  water-screw,  he  says,  '*  I 
could  scarce  forbear  with  Archimedes  to  cry  out.  Eureka  !  Eureka  f  if 
seeming  so  infallible  a  way  for  the  effecting  of  a  perpetual  motion,  that 
nothing  co'^lJ  be  so  much  as  probably  objected  against  it :  but  upon  triai 
and  eyper.ence  T  fina  it  altogether  insufl^cient  for  any  such  purpose." 

"Jn  the  Gentle  uan's  Magazine  for  1747,  p.  459,  there  is  a  description 
and  figure  of  a  similar  device — either  water  or  balls  were  to  be  raised 
througli  a  screw  and  dropped  upon  an  overshot  wheel.  It  was  devise*^ 
by  a  C  )I  Kranach  of  Hamburgh,  who,  in  a  pamphlet,  declared  he  hal 
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(pent  thirty  years  !n  perfecting  it.  He  pinposed  it  aa  a  substitute)  Tor  wini] 
nnd  wnter-mllla,  and  particularly  for  rai:3ing  water  and  ore  from  minea 
In  tlie  same  work  foi  '751,  p.  448,  there  is  "  a  self-moving  wheel."  And 
at  p.  391.  "  a  solf-tai>vmg  machine;"  the  latt«r  liy  a  Polish  Jesuit;  k  con- 
sisted of  a  wheel,  ropes,  pulleys,  a  pump,  weights,  &c.  and  of  course,  lika 


f  itself  than  a 


any  force  imparted  to  it  than  could  a  collection  of  paving  stones. 

If  a  perpetual  million  could  he  obtained  by  a  water-wheel  and  screw 
as  abnve,  then  it  would  Pillow  that  a  hiicklaycr's  laboi-er  could  convey  a 
hod  of  mnrrar  or  a  bucket  of  water  to  tiie  top  of  a  building  with  a  much 
less  expenditure  of  force  by  traveling  along  a  circular  stair-way,  than  by 
ascending  directly  up  a  ladder,  nnd  whether  he  carried  the  load  on  his 
■hoiilder  or  drugged  it  after  him  by  a  cord.  But  the  fact  is,  a  100  lb.  of 
water  cannot  by  nni/  contrivance  whatever  be  conveyed  lo  the  top  of  a 
building  with  a  force  less  than  would  be  required  to  pull  up  the  same 
weight  of  stone  or  morta"-  in  a  bucket ;  it  can  no  more  be  wheedled  out 
of  its  gravity  by  passing  it  up  an  inclined  plane  than  a  vertical  one — ■ 
tlirough  a  helical  tube  than  through  a  straight  one. 

Ckain-Pamp*  in  Sfti/it,  p.  VH.  John  Bute,  describing  a  chnin-piimp  in 
1633,  says,  a  short  brass  chamlier  smoothly  bored  was  inserted  in  the 
lower  end.  The  pistons  were  fitted  to  this,  and  the  rest  of  the  pipe  was 
of  larger  bore.  The  chain  was  r.*"  iron  and  carried  round  by  a  sprocket 
■wheel.  Ench  piston  consisted  of  a  disk  of  kora  between  two  of  leather. 
Such  a  pump,  he  observes,  "  g  ?e[h  very  strongly,  and  therefore  had  need 
be  made  wiih  wheels  and  wrought  by  horses,  for  so  the  water  is  brought 
up  at  Broken  Wharfe  in  London."  He  names  the  chaiii-pump  "an  engin 
whereby  you  may  draw  water  out  of  a  deep  well,  or  mount  any  river 
water Also  it  is  used  in  great  shi//3,  which  1  have  seen." — (Mys- 
teries of  Nature  and  Art.) 

Atmospheric  SprinUin^  PoU,  p.  194.  When  Louis,  duke  of  Orleans 
and  Milan,  brother  of  Charles  VII.  was  murdered,  (A.  D.  1407,)  his 
widow,  as  a  symbol  of  her  distress  and  an  indication  that  the  rest  ot  her 
life  would  be  spent  in  tears,  adopted  the  chantcpleurc  or  garden  pot  as  an 
berahlic  device  ;  and  which,  with  the  inotto,  plua  nc  raWf  riens,  sh^  had 
engraved  upon  almost  every  thing  in  her  house.  No.  9S3  is  a  fguro  of 
the  instrument.  {Devises  Horoiques,  par  M.  C.  Paradin,  A  Lyon,  LIS?.) 
No.  253  is  another  old  form 
of  the  almospberic  sprinkler, 
from  a  Latin  Collection  of  Em- 
l  blems  of  the  early  part  of  the 
I  17th  century.  The  motto  on 
"  a  flying  scroll  was  Modo  S/n- 
rituf  Adsil.  Air  was  admitted 
through  a  small  opening  near 
the  top,  whicli  was  closed  with 
the  point  of  the  finger. 

The  sixth  and  seventh  pro- 


Ha-va.  two  figures  there  given  are  hol- 

low spheres ;  a  small  circle 
round  the  l:ttom  b«ir.p-  pjrfurated,  and  a  minute  orifice  near  a  ring  or 
handle  on  t-c  "xp.  In  or.?  :;;3re  is  a  partition,  so  that  two  diflerent  lii^uidi 
ni'uld  ;«  contai:.2d  within  :  and  wine,  or  hot  and  cold  water,  discharged 
u  utrt  or  tilt  other  of  the  orifices  at  the  top  was  uncovered. 


Fire-Enginet  and  Bd/aiei  Ttcm.pt,  pp.  241,  321.  No.  284  i«  a  belli  w« 
or  friciionless  pump,  from  the  first  eJitioi)  of  Bate'b  Mysteries  of  Nature 
and  Art,  It  is  identical  with  the  fire  engine  referred  to  in  our  third  book, 
except  being  placed  within  an  open  frame  instead  of  a  cistern  fixeil  upon 
wheels.  For  its  description,  see  pp.  321-2.  (The  leathern  bog  which 
connected  the  two  brass  vessels  ia  not  figured  by  the  old  artist.) 


Water-  Wheeh,  p,  SS3.  There  are  indicatlotis  in  the  Iliad  that  Vulcan 
used  water  power,  and  that  it  was  by  the  desirous  concealment  of  il  and 
the  mechanism  by  which  it  was  transmitted  that  enabled  him  to  excite  in 
so  high  a  degree  tiie  astonishment  of  his  contemporaries,  and  to  give  rise 
to  those  wonderful  stories  of  his  skill  that  are  even  yet  estant.  When 
engaged  at  the  anvil  Homer  represents  him,  like  a  modern  smith,  with  a 
single  pair  of  hellows.  Thus  Thetis  found  him  "  sweating  at  his  bellows 
huge  ;"  but  in  other  scenes,  he  is  exhibited  rather  as  manager  of  extensive 
forges  for  the  reduction  of  meials  ;  the  fires  being  urged  by  a  large  num- 
ber of  bellows  mo\>ed  either  by  water  or  some  other  inorganic  force.  Like 
s  superintendent  of  modern  iron  or  copper  works,  ordering  the  bellows 
to  be  thrown  into  geer,  and  the  blasts  mcreased  or  diminished  as  circuTn- 
stances  require  :  so  Vulcan  "  turning  to  the  fires,  he  bade  the  bellowa 
heave  ;"  then 

Full  11 
B"«ili 

Of  Vulcan's  numerous  works  none  were  more  celebrated  Vy  the  ancients 
than  the  two  aiulroiiU  which  assisted  liin;  et  ;he  anvil.  They  wsre  obvi- 
ously nothing  more  than  ingenious  devices  for  concealing  the  mechanism 
by  which  motion  was  communicated  to  the  sledges  they  held  in  their 
hands  : — in  other  words,  mere  trip  hammer),  and  worked  most  likely  by  s 
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dislaiit  water  wheot.  The  rods  (ir  Invert  whlcTi  comm  mitated  the  motion 
vere  urohftbly  concealed  under  ihc  floor,  and  tenninated  at  the  feet  of  the 
figures,  while  Vulcan  could  easily  throw  them  in  and  oul  of  geer  unper- 
ceived.  It  can  readily  be  imagined  what  the  efTect  of  two  well  executed 
working  ima^s  of  this  kind  must  have  been  in  early  timps. 

Bolipilea/iir  Fating  Metals,  p.  397,  The  surprising  effects  produced  in 
mmlern  days  by  steam  and  those  more  important  ones  which  it  is  destined 
hereafter  to  accomplish,  will  always  render  examples  of  its  early  employ- 
ment in  the  arts  interesting.  The  use  of  eolipiles  as  bellows,  like  that  of 
■imospherii.  sprinklers  for  watering  pota^  has  long  been  discontinued,  and 
both  have  almost  passed  into  oblivion.  We  shall  therefore  offer  no  apology 
for  inserting  the  following  additional  illustrations  of  the  use  of  the  former  in 
bvgone  times.  No,  285  is  a  steam  blow-pipo  from  the  2d  edit,  of  John 
Bate's  work.  His  description  forms  an  admirable  comment  on  Wilkina's 
observation,  (p.  396,)  tliat  eolipiles  were  used  in  melting  glass  and  metals. 
This  remark  of  the  bishop  has  i>een  quoted  by  several  writers,  but  not 
one  has,  to  our  knowledge,  endeavored  to  show  how  steam  was  thiw 
applied,  although  every  mechanic  on  perusing  Wilkina's  book  would,  lik" 
ourselves,  feel  anxious  for  information  on  the  suiiject. 


Kd.389.    Eoliplla  ft>r  (Uu  Uwlaf .  Nd.SU.    EolipHfl  Ibrnuliii  m-iu 


a  of  a  lamp  and  a  copper  ball  or  eolipile,  placed 
on  and  heated  by  a  furnace  or  braxier.  The  apparatus  is  named  "  a  device 
to  bend  glasse  canes,  [tubes,]  or  to  make  any  small  wont  in  glasse."  "  Let 
there  be  a  vessel  of  copper  about  the  bignesae  of  a  common  foot-ball :  let 
it  have  a  long  pipe  at  the  ton,  which  must  be  made  so  that  you  may  upon 
occasion  screw  on  lesser  or  Digger  vents  made  for  the  purpose.  Fill  this 
vne  third  part  with  water,  and  set  it  over  a  furnace  of  coals,  as  B;  and 
■vhen  the  water  beginneth  to  heat,  there  will  come  a  strong  breath  out  of 
^e  nose  of  the  vessel  that  will  force  the  flame  of  a  lamp  placed  at  a  con- 
venient distance,  as  A ;  if  you  hold  your  glasse  in  the  extension  of  the 
flame,  it  will  melt  suddenly  ;  so  you  may  work  what  you  will  thereof." 
fhkte  observes,  that  some  persons  insteail  of  this  apparatus  used  a  pipe 
(the  common  mouth  pipe)  fastened  on  a  bench  between  a  crotched  stick, 
as  figured  at  C  He  himseir  occasionally  employed  this,  but  considered 
it  not  su  cor''3nient  as  the  eolipile. — (Mysteries  of  Nature  and  Art,  Lond. 
1G35.) 

In  1650,  Dr.  Joh.:  French  published  "  The  Art  of  Distillation,  or  a 
Treatise  on  tlie  Choiseat  Spagyrical  Preparations  ....  with  descriptions 
of  the  ohiefost  furnaces  and  vessels  used  by  OHcienl  and  modern  chemists.' 
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Of  old  devi^fl  three  eolipiles  are  figured  :  one  is  precisely  the  same  at 
a  hove  described  by  Bate.  French  observes,  that  it  "  bhjws  a  candle  to 
make  the  flame  thereof  strong  for  the  melting  of  glasses  and  nipping  them 
up.'*  No.  286  is  another  for  fusing  metals.  A  large  eolipile  is  perma- 
nently connected  to  a  furnace,  the  blast  being  conveyed  through  a  brick 
wall.  The  following  is  all  that  he  says  respecting  it :  D  "  signifies  that 
wliich  blows  a  fire  for  the  melting  of  any  metull  or  such  like  operation, 
and  it  blows  most  forcibly  with  a  terrible  noise."  The  water  was  intro- 
duced  through  an  opening  at  the  top.  E  is  a  portable  eolipile  to  be  held 
in  the  hand,  and  the  blast  applied  to  fixed  objects.  It  appears  from 
French,  and  also  from  Broker's  work  on  Metallurgy,  that  eolipiles  when 
ufsed  for  blowing  fires  and  fusing  metals,  were  formerly  known  as  The 
Philosophical  Bellows^  a  circumstance  that  renders  their  disappearance 
from  modern  writings  still  more  singular. 

Since  the  insertion  of  illustration  No.  IS*'),  we  have  met  with  an  En^ 
lisb  translation  of  Ercker's  work,  by  Sir  John  Pettus,  "  of  the  Society  of 
the  Mines  Rnyal,"  under  Charles  II.  but  who  appears  to  have  derived 
little  wealth  from  mining  speculations,  since  he  rendered  Ercker's  book 
into  English  while  confined  in  prison  for  debt.  The  translation  is  illus- 
trated with  fine  copperplate  engravings,  and  a  dictionary  of  technical  terms 
is  subjoined.  Under  the  word  bellows,  Pettus  mentions  the  **  philosophical 
bellows  ;"  the  common  smith's  bellows,  and  very  large  ones  that  were 
worked  by  water-wheels,  and  which,  he  observes,  w^ere  made  **  m  imita- 
tion of  the  nature  of  a  cow  beasts  which  in  drawing  in  and  forcing  out  fier 
breath,  is  said  to  bellow'* — a  quaint  definition  of  bellows,  but  one  which, 
we  believe,  gives  the  true  etymology  of  the  word.  Of  the  antiquity  of 
"  philosophical  bellows"  there  can  be  little  doubt.  They  were  probably 
used  by  the  fancy  glass-blowers  of  Egypt,  Greece  and  Rome,  as  well  as 
by  other  artists  in  the  reduction  of  metals.  The  transition  fforn  blowing 
ordinary  fires  with  eolipiles  to  such  operations  was  obvious  and  easy. 
There  is  a  passage  in  the  book  of  Joshua  which  seems  to  refer  to  the  early 
use  of  them.  In  one  of  the  contests  of  that  warrior  with  the  Canaanites,  it 
i»  said  he  chased  them  to  "  Mizrephoth-maim"— a  word  signifying  "  bvm- 
^^*  rf  ^vaierSf**  and  "Jumaces  where  metals  are  vieltedV  A  place  that 
j»rnbal)ly  derived  its  name  from  extensive  forges  that  were  urged  by  blasts 
from  eolipiles. 

Charging  Eolipiles  by  Atmospheric  Pressure,  pp.  395,  407.  Dr.  French 
observes*  "  You  must  heat  them  very  hot,  then  put  the  noses  thereof 
(which  must  have  a  very  small  hole  in  them,  no  bigger  than  a  pin's  head 
may  go  in)  into  a  vessel  of  cold  water,  and  they  will  presently  suck  in  the 
water."  Roman  eolipiles  were  charged  in  the  same  way,  as  is  clear  from 
their  description  by  Vitruvius,  for  they  had  but  one  opening,  throug^h  which, 
he  says,  they  were  filled  with  water,  and  out  of  which  the  blast  issued. 

EolipHic  Fire-Blotoers  and  Idols,  pp.  39S-400.  In  addition  to  those 
passagpii  of  Scripture  which  we  have  supposed  alluded  to  eolipiles,  a  few 
others  may  be  named.  The  sacred  writers,  it  is  well  known,  often  con- 
trast the  power  an«i  other  attributes  of  God  with  the  impotency  of  idcds  : 
to  adapt  their  instructions  to  idolaters,  they  represent  the  Almighty  as 
excited  with  anger,  wrath,  fury,  &c.  apparently  in  reference  to  such 
passions  being  exhilfited  (as  we  know  they  were)  by  idols,  and  particu- 
larly eolipllic  idols.  Why  should  God  be  represented  as  blasting  or 
consuming  men  with  streams  of  fire  froM  his  motfth,  i,v.l  with  smoke  from 
his  wjsirils  ?  kindling  coals  by  his  breath  ?  Why  is  his  anger  said  to  smoke, 
to  'h?/rn,  to  frax  hot,  &c.  if  it  be  not  in  reference  to  such  idols  as  Pus- 
terich,  or  those  images  described  by  Carpinil  **  By  the  blast  of  God,'*  savs 
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job,  "  the  wicked  perish,  and  by  the  breath  of  his  noiSTils  are  they  con* 
pomcd,"  i.  e.  as  fuel  on  the  hearth  U  consumed  by  the  blast  of  an  eolipile. 
The  Psalmist,  describing  God,  says,  "  there  went  up  a  smoke  out  of  his 
nostrils,  and  fire  out  of  his  mouth  ;  coals  were  kindled  by  it."  **  Behold 
[says  Isaiah]  the  name  of  the  Lord  cometh  from  far  burning  with  his 
anger,  [or  the  grievousness  of  flame  as  the  margin  has  it,]  his  hps  are  full 
of  indignation,  and  his  tongue  as  a  devouring  fire;  and  his  breath  as  an 
overflowing  stream  shall  reach  to  the  midst  of  the  neck."  Again,  **  To- 
phet  is  ordained  of  old,  yea  for  the  king  it  is  prepared :  he  hath  made  it 
deep  and  large :  the  pile  thereof  is  fire  and  much  wood,  the  breath  of  the 
Lord  like  a  stream  oi  brimstone  doth  kindle  il." 

It  appears  to  us  that  here  and  in  similar  passages  are  allusions  to  eoli- 
piles  of  the  human  form,  and  to  such  images  as  Pusterich,  from  whose 
eyes,  mouths  and  nostrils  issued  streams  of  flame,  smoke,  steam,  &c. 
Perhaps  it  will  be  said  the  expressions  are  Jigui'ative  :  true  they  are  so ; 
but  then  there  is  in  them  an  allusion  to  the  things  from  which  the  figures 
are  derived.  When  God  is  said  to  melt  his  people,  to  refine^  to  take  away 
the  dross  from  them,  every  one  perceives  the  allusions  to  metallurgical 
operations,  because  such  operations  are  known  to  all ;  and  equally  clear 
would  the  passages  quoted  above  appear  had  eolipilic  blowers  and  idols 
continued  in  use  to  our  times.  We  should  then  have  perceived  that  such 
expressions  as  the  stvord  of  his  mouthy  swords  of  fire  ^  Jtaming  swords^  &c. 
were  neither  of  figurative  origin  nor  application  only  ;  for  from  the  variety 
of  eolipilic  images,  there  is  little  doubt  that  infiammable  fluids  were  made 
to  issue  from  different  parts  of  them,  and  in  various  shapes — from  their 
mouths  as  tongues  of  fire,  and  from  the  hands  n.s  fiaming  stro/ds,  &c.  We 
know  th».t  ancienpt  priests  were  exceedingly  expert  in  working  prodigies 
by  inflammable  fluids,  of  which  numerous  examples  migiit  be  quoted. 
When  Octavius  was  in  Thrace,  he  consulted  the  oracle  of  Bacchus,  and 
the  ministers  of  the  temple  finding  it  their  interest  to  gratify  him,  con- 
trived that  when  the  wine  was  poured  on  the  altar,  a  body  of  flame  should 
burst  out  and  ascend  above  the  roof  of  the  temple;  a  portent,  observes  Sue- 
tonius, "  that  had  never  happened  to  any  but  Alexander  the  Great,  when 
he  was  sacrificing  at  the  same  altar."  They  could,  of  course,  as  easily  have 
made  the  flame  dart  from  the  mouth  and  eyes  of  an  idol  as  from  the  altar, 
•  their  views  had  so  required  it. 

But  if  it  should  be  contended  that  the  passages  quoted,  rather  gave  rise 
to  idols  like  Pusterich,  i.  e.  were  hints  which  heathen  priests  worked 
from  in  order  to  prodube  or  imitate  the  same  effects,  it  will  not  affect  the 
Inference  we  wish  to  draw  from  them,  viz.  the  antiquity  of  steam  and  vapor 
images.  In  connection  with  this  subject.  It  may  be  observed,  that  the 
famous  Palladium  of  Troy  was  probably  an  eolipHic  idol,  in  which  inflam- 
mable fluids  were  used  ;  for  on  certain  occasions  fiaslies  of  fire  darted 
from  its  eyes^  as  from  the  mouth  and  forehead  of  Pusterich. 

If  biblical  critics  would  pardon  our  temerity,  we  would  also  suggest 
that  the  Lares  o)r  images  which  Rachel  stole  from  her  father's  dwelling 
were,  like  the  small  oaxoL  idol,  (p.  39S,)  and  those  referred  to  in  Isaiah, 
(p.  400)  eclinilic  fire  blowers.  They  have  exceedingly  per^Jexed  com- 
mentators, who  after  suggesting  numerous  explanations,  genepally  conclude 
by  observing  that  their  nature  and  uses  are  unknown  ;  but  hftd  these 
writers  called  to  mind  the  ancient  employment  on  the  domestic  hearth 
of  brazen  eolipiles  of  the  human  form,  they  would  have  perceived  that  the 
name  of  Laban's  images  gave  an  indication  of  what  they  were.  In  all 
incient  languages  proper  names  were  invariably  expressive  rf  some  pro- 
minent featui-c,  attribute,  or  desi^  of  the  objects  name  J  :  so  o^  these 
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images— they  were  nairio J  **  teraphim"  a  word  signifying  "  hlou/ert,*'  from 
teraphf  "  to  blow^  So  also  the  coHpilic  idol  Ptuterich  was  named  iro0i 
fmslen,  "  to  blow."  (See  p.  399.)  Eoli piles,  like  the  haretfy  were  loccilecl 
on  the  hearth,  and  as  they  were  avowedly  made  and  narr  -d  after  a  ?o<i, 
(Eolus,)  and  were  designed  to  imitate  him  in  producing  blasts  of  wmd^ 
(Varro  makes  the  lares  gods  of  the  air,)  it  was  natural  enough  to  adopt 
tnem  as  household  deities.  Rachel  was  evidentiy  an  intelligent  and  very 
shrewd  >yoman ;  and  as  we  have  no  reason  to  suppose  she  was  an  idolater 
after  having  lived  twenty  years  in  the  same  house  with  Jacob,  (if  indeed 
she  ever  was,)  it  is  not  at  all  likely  that  she  coveted  the  images  as  idoU^ 
but  only  as  domestic  utensils  of  real  utility — utensils  which  she  had  long 
been  in  the  habit  of  using,  and  such  as  were  highly  desirable  in  setting  up 
housekeeping  for  herself. 

Expannve  Force  of  Steam,  p.  409.  The  Stoics,  says  Plutarch,  attri- 
buted eartlj^uukes  to  aqueous  vapor  generated  within  the  earth  by  subter^ 
raiiean  heat.  (Opin.  Philos.)  No  stronger  proof  that  the  ancients  were 
J'amiliar  with  the  force  of  steam  could  be  desired  :  the  idea  could  never 
have  occurred  except  to  men  practically  acquainted  with  the  irresistible 
energy  of  this  fluid  when  confined.  If  by  no  other  means,  we  may  be 
sure  they  had  frequent  proofs  of  this  energy  in  the  rupture  of  eolipilea 
when  their  vents  were  closed.  The  hypothesis  of  Plato  respecting  ibe 
conversion  of  water  into  air  and  Jire,  (mentioned  below,)  shows  him  to 
have  been  a  close  experimenter  on  steam  at  different  temperatures.  The 
old  theory  of  boiling  springs  being  forced  from  the  interior  by  steam,  im- 
plies ft-iso  an  acquaintance  with  devices  for  raising  water  by  it. 

Identity  of  Steam  and  Air,  pp.  395-400,  418-421.  This  erroneous 
opinion  doubtless  dates  back  to  the  early  ages,  during  which  it  led  to  the 
invention  of  eolipiles,  and  to  the  Jirst  mechanical  application  of  aqueous 
vapor,  viz.  to  blow  fires,  instead  of  wind  from  bellows.  It  is  singular, 
however,  that  such  an  opinion  should  have  been  maintained  at  so  late  a 
period  as  the  close  of  the  17th  century — that  modem  as  well  as  an- 
cient philosophers  should  have  taught  that  water  rarefied  by  heat  was 
converted  into  air,  and  that  air  condensed  by  cold  was  returned  into 
water.  Besides  the  examples  already  given,  we  add  a  few  more.  Of  the 
elements  into  wliich  philosophers  formerly  resolved  all  things  material, 
viz  :  earthy  water,  air  and  fire,  Plato  suspected  the  last  three  were  but 
modifications  of  one;  at  any  rate,  he  supposed  they  were  convertible  into 
each  other — that  water  attenuated  by  heat  was  dilated  into  air,  (steam,) < 
and  that  this  by  a  higher  temperature  became  an  invisible  and  pl<»wing 
fluid  or  fire.  (Plutarch,  Opin.  Philos.)  Plutarch  himself,  in  his  Treatise 
on  Cold,  observes,  "  aire  when  it  doth  gather  and  thicken  is  converted  into 
water,  but  when  it  is  more  subtile  it  resolveth  into  fire  ;  as  also  in  the 
like  case,  water  by  rarefaction  is  resolved  into  aire."  Pliny,  in  speaking 
of  winds  says,  "  aire  is  gathered  into  a  waterie  liquor."  The  sweating^ 
of  walls,  breathing  on  glass,  moisture  on  the  outside  of  a  tumbler  of  water, 
&c.  were  considered  Droofs  that  cold  condensed  air  into  water.  Lord 
Bacon,  in  his  Sylva,  Expers.  27  and  76,  speaks  of  "  the  means  of  turning 
aire  into  water,'*  and  Exp.  91,  relates  to  **  the  version  of  water  into  aire.** 
Norton,  (a  contemporary  of  Bacon,)  in  his  "  RrSearsal  of  Alchemy,"  versi- 
fies the  old  doctrine  thus  : — 

But  ayre  condons'd  is  tnrnM  to  raine. 
And  water  rarefied  cuinest  ayre  again. 

Wind'Milh,  p.  418.     These   were  known   in  England  in  the    )3t)i 
eentury.    At  the  battle  of  Lewes,  A.  I).  12^4,  "  there  was  many  a  raodro 
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loriic  broglit  to  grniiuJe  and  thekynge  of  Al may ne  was  taken  in  AtDymfe 
my^/c."— (Hearne*9  Glossary  to  Peter  Langtoft's  Ohi-onicle.) 

Inlelligence  of  Animals  exemplified  in  Raising  Water ^  p.  74.  Plutarch 
in  his  comparison  of  land  ana  water  animals,  says,  oxen  were  employe*] 
in  raising  water  for  the  king  of  Persia's  gardens  at  Susa,  "  by  a  device  of 
wheels  which  they  turned  about  in  manner  of  a  windlass.''  £nch  ox  wa^ 
requi**ca  to  raise  one  hundred  buckets  daily,  and  as  soon  as  that  number 
was  completed,  no  efforts  of  the  attendants  could  induce  him  to  add  another. 
Attempts  were  made  to  deceive  the  animals  but  without  effect,  so  accu- 
rately **  did  they  keep  the  reckoning." 

hnprixfmi?ig  Chairs,  p.  429.  Such  devices  are  very  ancient.  The  Jir:ii 
proof  of  Vulcan's  mechanical  ingenuity  is  said  to  have  been  a  throne  or 
chair  of  gold,  with  secret  springs.  This  he  presented  to  his  mother,  and 
no  sooner  was  Juno  seated  in  it  than  she  felt  herself  pinioned  and  un- 
able to  move.  The  gods  interfered,  and  endeavored  to  release  her,  but 
without  effect ;  and  it  was  not  till  the  artist  had  sufficiently  punished  her 
fun  her  want  of  affection  towards  him  that  he  consented  to  let  her  go. 

Nubis,  the  tyrant  of  Lacedemon,  had  a  device  for  extorting  money  from 
the  wealthy.  It  was  a  statue  of  a  female  clothed  in  rich  apparel.  When 
any  one  rt»fused  to  part  with  his  wealth,  the  tyrant  introduced  him  to  the 
image,  which  by  means  of  springs,  seized  him  in  its  arms,  and  put  him  to 
the  most  excruciating  torments,  by  forcing  numerous  bearded  points  into 
his  body. 

liotary  PumpSy  Eolipiles,  Sicam-G-i^ray  &c.  In  "  Mathemcttica]  Recrea- 
tions, or  a  collection  of  sundrie  excellent  problems,  out  of  ancient  and 
modern  philosophers  ;  written  first  in  Greek  and  Latin,  lately  compil'd  in 
French  by  H.  Van  Etten,  and  now  in  English,  Lon.  1674,"  is  a  rotary 
pump  similar  to  the  one  we  have  figured  at  p.  285  :  it  is  named  **  a  most 
soveraign  engine  to  cast  water  high  and  far  off  to  quench  fires."  A  goose- 
neck like  those  now  used  is  also  figured — also  an  atmospheric  garden  oot 
—magic  cups — three-way  cocks — ear  trumpets,  and  eolipiles.  Of  the  last, 
the  author  says,  **  some  make  them  like  a  ball,  some  like  a  head  painted, 
representing  the  wind — some  put  within  an  eolipite  a  crooked  tube  of 
many  foldings  to  the  end  that  the  wind  impetuously  rolling  to  and  fro 
within,  may  imitate  the  voice  of  thunder — some  apply  near  to  the  hole 
small  windmills,  or  such  like,  which  easily  turn  by  reason  of  the  vapors." 
One  problem  relates  to  the  "  charging  of  a  cannon  without  powder." 
This  was  done,  1st,  bv  air  as  in  the  air-gun  ;  and  2d,  by  steafn,  the  latter 
fluid  to  be  generated  n-om  water  confined  in  the  breech. 

Olaus  Magnus  mentions  eolipilic  war  machines,  apparently  similar  to 
those  described  by  Carpini,  (see  page  400.)  They  are  distinguished  from 
every  species  of  guns  :  he  calls  them  "  brazen  horses  that  sjnt  Jire  :  they 
were  placed  upon  turning  wheels,  and  carried  about  with  versatile  engines 
into  the  thickest  body  of  the  enemy  :  they  prevailed  so  far  to  dissolve  the 
enemy's  forces,  that  there  seemed  more  hopes  of  victory  in  them  than  in 
the  souldiers."— (History  of  the  Goths,  book  ix,  chap.  3,  Eng.  l'ranff« 
LorJ   1058.) 


SUPPLEMENT- 
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ORACULAR  AND  FIGHTING   EOLIPILES 


In  consequence  of  a  suggestion  that  a  little  additional  matter  on  Eoli- 
pilic  automata  would  add  interest  to  this  volume,  a  few  specimens  accom- 
panied with  curaory  observations  are  subjoined.  The  figures  themselves 
constitute,  perhaps,  a  better  exposition  than  any  thing  which  can  now  be 
written  on  the  devices  which  they  represent — devices  once  wielded  with 
terrible  effects  by  both  sacerdotal  and  military  engineers. 

Like  extinct  natural  monsters,  oracular  and  v/arring  Eolipiles  have 
disappeared  from  the  earth  and  left  scarcely  any  authentic  vestiges  be- 
hind. They  belonged  to  certain  states  or  conditions  of  society  which 
they  could  not  survive.  Indigenous  to  ages  of  darkness,  they  flourished 
only  in  the  absence  of  light.  Receding,  as  civilization  advanced,  it  may 
be  said  of  them,  as  of  spectres,  they  flutter  at  dawn  and  vanish  as  soon 
as  the  sun  (gf  science)  has  risen.  But  they  are  not  the  less  interesting 
subjects  of  research  because  of  the  evils  they  inflicted  on  our  species, 
any  more  than  are  geological  remains  of  mammoih  beings  which  preyed 
on  inferior  tribes.  Antique  Eolipiles  are  in  some  respects  the  richest  of 
artificial,  as  fossil  bones  are  of  natural,  relics.  Both  are  unique  memo- 
rials of  past  times — vivid  remembrancers  of  strange  beings  and  dark 
deeds.  The  former  afford  proofs  of  stupendous  animals  reigning  as  mo- 
narchs  over  the  woods  and  waters  of  the  old  world ;  and  the  latter  re 
mind  us  of  moral  monsters,  preying  with  surprising  facility  upon  all 
classes  of  men. 

Pictorial  representations  of  idolatrous  and  fighting  eolipiles  are  ex- 
ceedingly rare ;  and  these,  few  as  we  find  them,  if  not  transferred  to  mo- 
dem pages  will  soon  be  irrecoverably  lost.  Those  which  follow,  though 
deplorably  imperfect  and  obscure,  will  be  acceptable  to  most  readers,  if 
not  to  all.  Examples  of  the  employment  of  elastic  and  inflammable 
fluids  under  singular  circumstances,  they  can  haydly  fail  to  elicit  the 
attention  of  inquirers  into  the  origin  and  history  of  motive  mechanism. 
They  may  afford  hints  on  old  and  lost  arts.  Nor  do  they  lack  interest  to 
general,  or  even  learned  readers  ;  for,  besides  illustrating  ancient  society 
and  manners,  they  reflect  light  on  the  darkest  passages  of  poetry  and  ro- 
mance: they  add  strength  to  the  conviction  that  much  which  ancient 
literature  has  failed  to  explain,  a  close  examination  of  ancient  arts  may 
yet  render  clear.  Even  the  Eolipile,  simple  as  it  seems,  promises  to 
conduct  inquirers,  like  the  clew  of  Ariadne,  through  labyrinths  as  per- 
plexing as  those  which  puzzled  old  travellers  to  Egypt  and  Crete. 

Of  all  the  freaks  of  poor  human  nature,  idolatry  is  the  strangest ;  and, 
taken  in  connection  with  evils  springing  from  it,  the  most  infectious  and 
fatal  of  maladies.  Hitherto  ineradicable,  inexpugnable,  it  lias  tainted 
all  epochs,  polluted  all  peo])lo.  Itsj^avages  have  been  more  destructive 
than  war,  more  distressing  than  famine.  It  has  been  the  fertile  source  of 
both.  Superstition,  the  parent  of  idolatry,  is  peculiar  to  man,  unless  de- 
mons be  tormented  by  it,  which  is  not  unlikely*  fnr,  besides  its  associa* 
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tions  being;  truly  diabolical,  (it  has  every  where  erected  altars  lo  Baals 
and  furnished  victims  to  Molochs,)  it  seems  the  natural,  and  may  be  the 
universal  puirishment  of  mental  debasement.  It  is  to  the  mind  what  pre- 
mature decrepitude  is  to  the  body — a  horrible  penalty  for  violating  a 
fundamental  law  of  our  nature,  for  stunting  the  soul's  growth,  for  not 
cultivating  the  intellectual  with  the  physical  faculties,  that  both  ni'glit 
expand  and  improve  together ;  that  infant  puerilities  might  be  succeeviod 
by  youthful  intelligence  and  masculine  knowledge.  Instead  of  this, 
superstition  unites  dwarfed  and  crippled  minds  to  grown  up  bodies — 
stocks  the  world  with  souls  blind  to  their  destinies  and  duties,  and  con- 
sequently to  the  great  purposes  of  existence  Iwt.  Where  else,  then,  can 
such  abortions  be  more  appropriately  consigned  than  to  the  hades  of  ig- 
norance— of  sottish  delusions — to  murky  regions,  where  the  sickly  ima- 
gination sits  an  incubus  on  the  prostrate  judgment,  and  visions  of  insanity 
are  reckoned  as  realities ;  where  the  occupants  wander  among  shades, 
and  mutter  the  gibberish  of  phantoms. 

A  stranger  to  natural  causes,  startling  phenomena  have  ever  filled  the 
barbarian  with  dread.  To  account  for  such  things  he  peoples  the  ele- 
ments with  imaginary  beings,  who  control,  as  he  supposes,  all  mundane 
affairs  at  their  will.  Meteorological  commotions,  pain,  sickness,  death, 
and  every  public  and  private  calamity,  were  held  as  manifestations  of 
their  power  or  their  wrath  ;  hence  the  idea  of  propitiating  beings  so 
mighty  and  malignant ;  hence  idolatry  with  its  direful  progeny,  magic, 
divination,  necromancy,  and  their  congeners ;  and  hence  too  the  rise  of 
those  astute  spirits  who,  from  the  beginning,  have  subdued  the  million 
by  working  cm  their  fancies  and  fears — who  have  raised  themselves  into 
gods  and  sunk  the  rest  of  mankind  into  brutes. 

Idols  were  almost  invariably  modeled  after  hideous  forms,  because 
designed  to  excite  terror.  This  was  in  accordance  with  the  principles 
un  which  demonolatry  was  founded.  As  fear  was  to  be  awakened  it  was 
essential  to  make  them  correspond,  as  nearly  as  could  be,  with  the  evils 
they  had  power  to  inflict  or  emotions  they  were  designed  to  inflame. 
To  have  made  them  more  attractive  than  repulsive  would  have  been 
preposterous,  since  it  would  have  been  neglecting  the  cultivation  of  that 
passion  upon  which  their  efficiency  rested.  Their  makers  knew  theii" 
business  better.  In  nothing  is  the  versatility  of  ancient  getiius  more 
apparent  than  in  representations  of  the  horrible — in  conjuring  up  images 
to  cause  the  timid  to  tremble  and  the  bold  to  recoil — the  most  hideous  of 
hybrids, in  which  were  combined  features  derived  from  every  thing  on  the 
earth  and  in  the  waters  under  the  earth  calculated  to  excite  abhorrence 
and  dread.  Perhaps  it  is  not  too  much  to  say  that  here  also  little  is  left 
for  professors  of  the  Jine  arts  to  do,  except  to  imitate  works  of  old  mas- 
ters. Invention  seems  out  of  the  question.  Our  best  and  worst  specimens 
of  diablerie  and  the  monstrous  are  but  copies  and  caricatures  of^originals 
in  old  gal.eres  of  furies,  minotaurs,  hydras,  chimseras,  centaurs,  sphinxes, 
fauns,  dragons,  griffins,  gorgons,  satyrs,  harpies,  hippogriffs,  and  other 
unearthly  combinations  of  human  bodies  with  those  of  beasts,  birds,  fish, 
rbpdles  and  demons. 

But  jxl'Sistly,  terrific  or  fiendish  fbatures  were  not  always  deemed  suffi- 
cient. It  w^s  expedient  to  communicate  active  qualities,  such  as  might 
influence  ether  senses  than  the  sight,  and  which,  being  appropriate  to 
the  character  an  idol  was  intended  to  sustain,  might  serve  still  further  to 
establish  or  increase  its  fame.  Thus,  some  moved  their  heads,  arms 
hands,  eyes  ;  others  spoke,  groaned,  smiled,  perspired,  laughed,  &c.  &c 
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A  few,  like  the  image  of  Nabis,  squeezed  uB))elieYer8  to  death  in  theii 
arms,  and  others,  like  the  gods  of  the  Zidonians,  in  their  fury  Bwallowecl 
olTenders  alive.  The  repeated  declarations  in  the  Bible  that  gods  of 
stone,  wood  and  metal,  neither  saw, heard,  ate  nor  "spake  through  their 
throats,'*  &c.  imply  that  by  priestly  artifice  these  and  other  functions  were 
imitated.  Had  all  beeu  dumb,  motionless  statues,  this  constant  denial  of 
such  powers  to  them  would  have  been  nugatory. 

The  date  of  androidal  idols  is  unknown :  they  appear  to  have  been 
co-eval  with  the  use  of  metals — ai-e  perhaps  of  a  still  earlier  date,  for 
modern  savages  have  attempted  them.  They  were  found  so  effectual  as 
to  liave  become  important  instruments  in  the  hands  of  rulera  in  antehiA- 
toric  eras ;  while  to  devise  and  work  them  became  the  profession  ot 
pciests.  As  society  advanced  the  treasures  of  states  and  temples  were 
expended  in  their  production,  and  the  influence  of  both  was  exercised  in 
establishing  their  reputation :  a  union  of  wealth  and  intelligence  which 
accounts  for  the  perfection  and  celebrity  of  many  ancient  androids. 

Ever  on  the  look  out  for  novel  and  imposing  devices,  the  founders 
and  fosterers  of  idolatry  were  too  close  observers  to  overlook  the  most 
appalling  of  nature's  displays,  and  too  keenly  alive  to  their  interests  to 
remain  ignorant  of  the  meantfof  imitating  them.  At  an  early  day  those 
gods  were  counted  the  greatest  that  had  power  over  fire  and  controlled 
atmospherical  tempests — that  spake  in  thunder  and  whose  darts  we  «• 
the  electric  fluid.  On  this  belief  Eolipilic  idols  arose,  a  class  certainly 
among  die  most  productive  if  not  among  the  most  ancient.  They  were 
necessarily  the  work  of  the  founder,  not  of  the  carver,  and,  as  already 
intimated,  not  a  iew  of  the  *'  brazen"  or  **  molten"  images  of  the  Old 
Testament  were  more  or  less  allied  to  them — an  inference  justified  by 
numerous  allusions  to  blasts  of  flame,  smoke  and  wind  issuing  from  their 
mouths  and  eyes,  &c.  There  was  probably  less  difRculty  in  the  apotheosis 
of  Eolipilic  images  than  of  others.  When  idolatry  was  univei'sal  few 
could  refuse  subjection  to  deities  that  rivalled  Neptune  in  shaking  :he 
ground — Jupiter  in  his  character  of  the  thunderer;  and  Pluto — the  grim 
and  inexorable — the  sulphur-enthroned  god — in  the  worst  of  his  func- 
tions. To  none  were  apotrophic  hymns  so  fervently  addressed,  for  none 
looked  more  threatening  and  fierce,  or  gave  out  such  awful  manifesta* 
tions  of  wrath. 

Of  their  authors  or  inventors  there  is  no  room  to  doubt.  They  were 
men  whose  intelligence  was  far  in  advance  of  their  times,  who  mono- 
polized knowledge  for  the  sole  interest  of  their  class.  Claiming  kin* 
dred  with  heaven,  freed  from  worldly  cares,  clothed  in  reverend  vest- 
ments, they  lived  apait  from  other  people ;  holy  and  artless  in  appear- 
ance, yet  adepts  in  artifice  and  very  devils  in  craft.  Hiarophantic  magi- 
cians sojourr.ed  in  temples,  feasted  on  tythes  and  got  rich  by  means  of 
idols.  They  mjved  gods  to  compassion  by  wires,  and  roused  them  to 
ai»ger  by  explosive  compounds.  Their  professional  attaimnents  are  in- 
disputable. In  the  roguish  departments  of  physics  they  were  never  sur- 
passed. What  resources  and  talents  did  those  of  Egypt  display  in  com- 
peting with  Moses,  even  to  the  development  of  lower  fgrros  of  life  I 
The  Ul>oratory  was  their  study,  natural  science  the  Volume  over  which 
they  pored,  the  knowledge  of  Iktent  phenomena  their  wealth.  It  is  im« 
possible  to  think  on  the  variety,  magnitude  and  difficulties  ox'sorae  of 
their  impostures  without  conceding  to  them  excelling  ingenuity  and  im- 
pudence sublime.  In  chemistry  and  mechanics  they  were  profound  :  of 
th<)ir  contri  ^ances  few  were  more  successful  thap  those  to  which  botfa 
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sciences  contriliutod ;  Imt  of  a!l  iheir  cberaicd  irrflchanical  prodnL-tiuns 
perhaps  nune  perfor>iie(1  gi-t^aier  deeds  of  renown  t)ian  tlie  Enlijiile. 

To  aci^ompliBli  its  uurpoaca  this  iiiscrutnetit  put  (in  a  sti-a.ii)^e  divci-Hity 
of  shapes,  and  was  cndawua  nith  such  attributes  as  iib  adroit  manogerN 
required;  but,  purposely  disguised  ob  it  was,  and  ilB  mnvemcnts  ini;e- 
ninualy  mnskcd,  itd  foi'mev  tricks  aie  not  entirely  concealeil  liy  tlie  veil 
which  time  has  di-opped  ovt-r  the  atitrinj;  diamaa  of  ancient  life.  It  may 
be  detected,  though  luo  teninie  to  be  distinct.  In  the  deepest  oliHriirity 
itfl  performances  are  too  peculiar  lo  be  mistatien.  It  appears  to  Iihv* 
flourished  in  mythnlogic  and  heroic  agen,  and,  naturally  enough,  ihosn 
were  the  times  of  ita  gi'enlest  achievements.  llesiOes  a  few  minor  en- 
gagements, it  waa  principally  empli>yed  in  personating  thri-e  lemaik- 
ftble  characters  : — a  god,  a  warrior,  and  a  guardian  of  treanui-e.  In  the 
temple  it  descended  »ith  neophytes  into  the  sacred  chambers  and  took 
part  iti  the  lesser  and  sublimer  mysteries,  while  at  the  altar  it  confiim- 
ed  the  faith  of  its  worshipers  by  miracltM)  wrought  in  their  presence. 

In  war  its  ellects  were  once  equally  decisive.  Its  appearance  alone 
sufficed,  like  iho  head  of  Medusa,  to  petrify  opponents  with  horror. 
Superstitious  troops  (iu  early  times  all  were  superstitious)  were  af- 
tounded  at  the  sight  of  au  enemy,  supernatural  in  form,  borne  a.ong  in 
chariots  of  clouds  and  whirlwinds  of  lire  ;  no  stronger  proof  of  the  g.Mia 
being  against  ihem  could  he  adduceil.  Like  the  af!Hgbtod  Pbilistinei' 
under  a  similar  persuasion,  their  hearts  would  melt  within  them,  and 
ere  they  fled  they  exclaimed  with  the  warriors  of  Canaan,  '■  W"  ^tnto 
us  !     Who  shall  deliver  us  out  of  ihe  hands  of  these  mighty  ginU  t" 

As  a  serpent  or  dragon,  it  couched  hy  ilie  portals  of  palaces  or  !.iy 
at  the  entrance  of  caverns  to  protect  the  plunder  its  ownei's  bad  potti-i 
together. 

The  annexed  figures  and  subsequent  remarks  may  serve  to  elucidate  It 
■  feeble  degree  a  few  of  its  periorraances  under  each  of  these  characler- 

Idols,  especially  Eolipilic  ones,  helorg  to  a  department  of  ecclesias- 
tical bistoi-y  hitherto  little  examin^-d  'and  less 
understood.  True,  they  recall  no  very  pleasing 
oEsnciutions.  yet  they  make  us  acquainted  with 
many  curious  transactions.  This  figure  is  a  le- 
i>resentati<)n  of  Pusterich,  a  bronze  Eolipilic 
god  of  the  ancient  GerT.ana,  described  at  page 
'i99,  to  which  the  reader  is  referred.  The  burn- 
ing fluids  and  flame  issued  from  the  mouth  and 
the  eye  or  onli':.:  In  the  middle  of  the  forehead. 

This  is  not  neir  so  repul.tive  as  many  an- 
ijient  and  modnrn  idols :  compared  with  some 
it  might  almost  he  tleemed  engaging.  Perhaps 
its  admirei's  were  tiwi  far  advanced  to  relish  a 
mongrel  deity,  or  one  with  an  extra  number  of 
lieadd  or  limbs.  It  is  but  one  among  many  of 
its  kind  which  might  be  adduced,  had  we  the  | 
history  of  nutnerous  bronze  images  extant,  or 
if  others  noticed  in  antiquarian  works.    Seve- 

lal  have  openings  behind  and  fitted  for  plugs,     ho, a87. iifii™ Egiiifflic  Woi. 
Ks  if  designed  for  charging  them  vrith  liquids. 

There  is  an  impressive  resemblaMco  between  this  figure  and  that  of  a 
Cyclop,  and  there  may  he  a  real  similitude  between  idola  ■>f  this  kind 
and  the  three  fnhled  sons  of  Neptune  and  Aranhi'rite.  As  remarked  fur 
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ther  on  /ire-breathing  and  other  mythic  monsters  were  not  all  mere  vi 
Bions,  mystic  emblems,  or  hieroglyphical  pictures,  but  actual  brazen  be- 
ings, of*  the  forms  and  with  many  of  the  functions  described — in  other 
words,  Eolipilic  idols,  personified  a^  all  idols  were.  The  reader  need 
not  be  reminded  of  the  relation  of  the  Cyclops  to  fire,  since  they  were  aida 
III  Vulcan,  and  were  destroyed  by  Apollo  for  manufacturing  or  ejecting, 
I'l^e  Pu.stericli,  thunderbolts.  They  are  sometimes  descril^ed  as  having 
)«ui  one  eye,  at  other  times  represented  with  three — two  in  the  ordinary 
placD-s,  and  a  third  in  the  forehead,  as  in  the  preceding  ngure.  [See  plate 
page*  141,  vol.  1,  Fosbiioke's  Encyc.  Antiq.]  This  idol  Ifi  supposed  to  have 
belont^ed  originally  to  a  high  antiquity,  and  may  possibly  be  a  genuine 
Cyclop. 

Two  or  three  more  metallic  deities,  which  appear  to  be  Eolipilic,  might 
here  be  introduced ;  but  as  the  fact  is  uncertain,  and  nothing  but  con- 
jectures could  accompany  them,  we  forbear.  Had  more  data  been  ac- 
cessible the  subject  would  needs  be  a  thrilling  one.  No  work  of  imagi- 
nation could  be  richer  in  interest  or  more  fertile  in  intrigue  and  plots 
than  accounts  of  idolatrous  androids  of  the  more  advanced  nations  of  old, 
of  the  puppet-machinery  in  each  famous  temple,  and  the  by-play  by 
which  the  reverend  showmen  set  them  off  to  advantage,  lulled  suspicion 
and  kept  their  audiences  in  the  light  humor.  We  may  descant  as  we 
please  on  epic  poets,  on  tragic  and  comic  authors  and  actora,  but  what 
were  the  best  of  them  compared  to  those  proto-fathers  of  fiction  and  his- 
trionic professions]  Men  whose  theatre^  were  temples,  whose  stages 
were  altara  :  master  players  on  the  passions,  who  excited  what  emotions 
they  pleased,  and  impressed  on  their  congreG^ti4>ns  an  abiding  sense  of 
the  realities  of  the  illusions  they  exhibited.  The  subject  reaches  down  to 
the  nonage  of  society  and  comes  up  with  it  to  our  own  days;  has  relation 
lo  the  most  stupendous  system  of  deception  ever  conceived,  and  the  most 
successful  one  ever  practised  by  man  upon  man ;  affords  the  roost  de- 
plorable and  duiable  examples  of  human  credulity  and  cunning;  in- 
volves the  early  history  of  all  races  and  of  nearly  all  arts.  Its  exposition 
of  principles  of  ancient  science  would  be  highly  instructive,  and  their 
villanous  applications  often  amasing.  The  mystery  that  envelopes  it 
irresistibly  whets  curiosity.  The  little  that  is  known  makes  us  anxious  to 
push  aside  the  skreen  that  hides  from  our  view  the  ingenious  and  elabo- 
rate mechanism  by  which  pagan  monks  emasculated  the  species  and 
kept  an  awe-stricken  world  at  their  feet. 

rhe  f4)Ilowing  figures  illustrate  the  fighting  qualities  of  the  Eoliptle. 
As  a  war- instrument  it  became  better  known  than  as  an  oracle  confined 
in  temples.  In  the  field  it  was  exposed  to  the  scrutiny  of  the  curious  as 
well  as  of  its  imme<liate  manaoers,  so  that,  whether  captured  or  not,  the 
secret  of  its  construction  could  not  long  remain  one,  or  the  device  be 
confined,  if  much  employed,  to  one  people.  Nor  did  it  cast  ofi'its  pre- 
hensions to  divinity  with  this  change  of  occupation,  but  rather  sustained 
them,  for  it  was  as  a  god  that  it  first  became  terrible  in  battle — as  such 
its  military  achievements  shook  neighboring  nations  with  alarm  and  ac- 
quired for  it  a  celebrity  that  has  reached  to  our  times.  The  nature  of  it^ 
performances  remained  the  same  as  at  the  altar,  except  that  it  now  di«l 
not  hesitate  to  destroy  those  whom  it  could  not  convince. 

Every  people,  no  matter  how  barbarous,  esteemed  their  own  gods  su* 
perior  to  others.  It  was  indispensable  to  the  interests  of  priests  to  keep 
this  conviction  alive  under  all  exigencies;  hence  while  victories  served 
to  establish  it,  defeats  did  not  overthrow  it     These,  it  was  artfully  sag 
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gestcd,  were  urily  proofs  of  a  deity  having  become  temporal;-  offer-decl. 
either  for  not  being  properly  invoked  or  on  account  of  indignities  oilered 
to  his  ministers.  It  was  only  to  make  his  proteges  sensible  of  his  dis- 
pleasure that  on  such  occasions  he  left  them  a  prey  to  their  foes !  Pagan 
history  is  full  of  examples,  they  abound  in  the  Iliad,  which  opens  with 
one.  Thus  the  character  of  an  oracle  or  idol,  and  the  influence  of  its  offi- 
cials were  ingeniously  preserved  whether  those  who  trusted  in  it  became 
conquerors  or  conquered,  victors  or  victims.  Such  was  the  practice  un 
der  ordinary  circumstances,  the  god  remaining  the  while  undisturbed  in 
his  fane;  but  when  extraordinary  calamities  threatened,  when  an  invad- 
ing army  approached  and  his  worshippers  were  menaced  with  captivity 
or  famine,  corresponding  efforts  were  made  to  appease  and  even  to  com- 
pel him  to  be  propitious.  Bribes  were  held  out,  votive  gifls,  hecatombs 
and  new  temples  promised — processions  in  his  honor  were  got  up,  with 
sacred  banners,  relics,  &c.  borne  alofl,  (an  European  practice  through 
the  middle  ages,  and  an  Asiatic  one  yet.)  Then  to  make  sure  of  success 
by  connecting  his  fate  with  that  of  his  followers,  the  latter  took  him  down 
ftom  his  shrine  and  carried  him  to  the  battle- gi^ound,  under  a  belief  that 
he  would  not  suffer  himself  to  be  taken  if  he  were  disposed  to  leave 
tuem  in  the  lurch.  On  the  same  principle  idolaters  of  eveiy  age  have 
acted.  The  early  Jews  were  not  free  from  the  strange  infatuation^  nor 
is  it  easy  to  see  how  they  could  have  been  better  informed  previous  t« 
or  at  the  period  of  the  Exodus.  They  were  as  much  attached  to  idols  a4 
the  Egyptians,  and  took  the  iirst  opportunity  that  the  absence  of  Moses 
presented  for  making  an  image  of  Apis.  After  the  severe  defeat  at 
Aphek,  some  of  the  ignorant  got  up  a  cry  to  bring  the  ark  to  the  camp  and 
renew  the  contest  under  its  auspices.  "  When  it  cometh  among  us  it  may 
save  us  out  of  the  hands  of  our  enemies."  To  this  the  better  informed 
probably  acceded  with  the  hope  that  Jehovah  would  protect  it,  and  the 
people  for  its  sake,  but  they  were  mistaken — they  vere  routed,  thirty 
thousand  were  slain,  **  the  ark  of  God  was  taken,*'  and  exhibited  in  the 
pnncipal  cities  of  the  captors  for  a  period  of  seven  months,  during  which 
t'henician  priests  and  artists  were  probably  not  very  scinipulous  in  ex- 
Cimining  its  contents,  its  designs  and  decorations,  the  cherubim  of  ham- 
mered gold,  their  forms,  features,  wings,  &c. 

In  this  same  manner  warring  Eolipiles  became  known  to  others  than 
their  designers :  as  gods  and  demi-gods  they  made  their  debut  in  battle. 
As  such  they  were  victorious,  and  as  sucn  were  eventually  captured. 
Exaggerated  accounts  of  some  of  the  earliest  are  preserved  in  mythologi- 
cal annals.  So  awful  were  their  attributes  and  so  terrific  their  appearance, 
that  their  very  looks  over<;ame  their  opponents.  Of  this  Briareus  was 
an  example ;  but  when  their  artificial  nature  became  known  they  put  on 
less  formidable  shapes,  their  efficacy  then  depending  more  cm  what  they 
did  than  how  they  looked.  In  comparatively  modern  epochs  they 
never,  however,  attained  much  beauty,  if  we  might  judge  of  the  one 
on  tlje  following  page^ 

The  age  to  which  the  specimen  figured  in  the  next  cut  belonged  is 
unknown.  It  and  No.  289  are  from  a  Latin  folio  published  in  Paris  in 
1535,  containing  Vegetius  on  Military  Machinery  and  Institutions,  Elian 
on  Tactics,  Frontinus  on  Strategems,  and  the  Book  of  Modestus  on 
Military  Affairs : — -collated  from  Ancient cod\ce%hy  BuDEiT8,the  celebrated 
French  critic.  Attached  to,  and  paged  with  Vegetius,  are  one  hundred 
and  twenty  folio  illustrations,  rudely  executed  on  wood.  They  are  co 
pies  of  those  of  the  old  German  translation  to  which  we  have  frequently 
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referredy  with  the  exception  of  a  couple  of  reduced  fac-si miles  wliieti 
are  now  before  the  reader,  (a) 


No.  288.   Ancient  Fighting  Eolip.le. 

As  ool  a  word  of  explanation  accompanies  this  singular  figure,  (nor 
any  other  in  the  book,)  awd  little  or  nothing  is  to  be  found  in  Vegetius 
or  other  Roman  authors  to  aid  us,  all  that  we  can  ofFier  must  be  received 
as  conjecture.  If  the  magnitude  of  tlie  machine  be  judged  from  other 
illustrations  in  the  collection,  it  was  colossal.  No  object  is  portrayed 
near  it  by  which  to  infer  its  relative  dimensions.  The  general  outline 
lepresents  the  human  bust,  and  the  whole  seems  to  have  been  an  enor- 
mous Pusterich  on  wheels.  It  probably  combined  the  god  with  the  war- 
rior, assuming  the  character  of  each  as  occasion  required.  It  is  no  bad 
representative  of  both;  and  the  powers  it  possessed  of  punishing  its 
enemies  are  as  obvious  as  they  were  awful.  The  ignited  jet  issued  from 
the  conical  tube  whose  wide  end  is  riveted  to  the  forehead — (a  small 
pipe  descending  from  it  to  the  bottom  of  the  bust,  as  in  the  air-vessels 
of  fire-engines,)  and  possibly,  also,  out  of  its  eyes  and  mouth.  The  pro- 
longation of  the  nose,  and  the  daggers  projecting  from  the  mouth,  were 
intended  to  ward  off  blows  during  assaults,  and  to  prevent  access  to 
it,  lest  the  orifice  or  orifices  should  be  spiked  or  otherwise  closed.  Point- 
ed projections  of  this  kind  are  quite  common  adjuncts  in  old  war  en- 
gines. 

As  this  Eolipile  is  figured  at  rest  and  not  in  use,  neither  fire,  fire-place, 
nor  the  mode  of  charging  it  is  delineated.  The  fuel  was  probably  applied 
in  the  lower  part  of  the  bust  behind,  though  it  may  have  been  kindled 


(a)  "  Fl.  V^getii  Renati  viri  illastris  de  re  militari  libri  qnatnor.  Sextiivlii  Fron- 
tini  viri  consularis  de  strategematis  libri  totidezn,  Pliant  de  instmendis  acieboa 
liber  unus.  Modesti  de  vocabalis  rei  militaris  liber  udiis.  Item  picturae  bellies 
cxx.  passim  Vegetto  adjects.  CoUata  saot  omnia  ad  anciqaos  codiceSj  maxini« 
BupJEi,  qnod  Ceslabiti  r  iEiianas.    Parisiis,  mdxxxv." 
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i-'xternalty,  the  head  being  for  that  purpose  inclijied  backwards  and  rest 
ing  en  the  cornigerous  and  auricular  prolan g^tiuns,  which  would,  like 
the  feet  of  a  aaldron.  form  a  tripod  to  support  it.  But  much  allowance 
must  be  made  for  oM  illustrationa.  Scarcely  ever  is  an  attempt  made  to 
delineate  interior  parts  or  external  details.  One  object  of  the  bom  and 
ears  was  obviously  to  vary  the  direction  of  the  jet,  to  incline  the  tube  li 


right  or  left,  up  or  down,  somewhat  in  the  manner  of  the  syringe 
"ngine  of  Besson.  Tlie  wheels  are  solid,  and  as  there  are  but  two,  some 
.nechanism  fur  preserving  the  image  in  an  upright  position  was  neces- 
sary :  as  ihey  moved  on  separate  axles  the  tube  could  as  readily  be 
turned  in  a  lateral  direction  as  it  could  be  elevated  or  depressed.  The 
manner  of  conveying  this  machine  to  considerable  distances  is  not  indi- 
cated, probably  because  it  was  rather  intended  as  a  stationary  means  oi 
defence,  than,  like  the  next,  a  moveable  one  for  attack. 


Ha.  2tB.  EollpUU:  Wu-Ilnitta. 

Here  is  a  variety  of  the  grifHn,  hippogriiT,  or  dragon  genius,  placed  un 
four  wheels,  and  evidently  designed  to  break  the  ranks  of  an  opposing 
army,  by  being  driven  through  them.  The  burning  liquids  rushed  out  ol 
two  rows  of  small  holes  on  the  upper  jaw  or  lip  ;  the  effect  forcibly  re- 
minding one  of  mythic  monsters  from  whose  nostrils  went  forth  smoke, 
and  from  whose  mouths  issued  flame.  No  provision  is  shown  for  raising 
or  loweiing  the  jets,  nor  was  any  necessary,  for  from  the  elevation  aud 
position  of  the  oridces,  troops  among  whom  this  engine  forced  its  way 
could  not  avoid  either  right  or  lefl  its  fluid  and  scorching  missive.  Tim 
rod  held  by  the  captain  or  leader  is  enlarged  and  pierced  or  cloven  at 
its  upper  end,  where  it  is  joined  to  the  head  :  it  is  apparently  a  lever  by 
which  the  plug  of  a  cock  was  turned  to  open  and  shut  off  the  dischai'ge. 
We  may  suppose  the  passage  was  closed  in  the  present  position  of  tlie 
lever,  and  chat  to  open  it  the  manager  pulled  back  the  end  he  grasps, 
until,  like  a  modem  artillerist,  he  became  sutTlciently  in  tlie  rear  to  be 
out  of  harm's  way  when  the  jets  found  vent ;  he  then  could  join  his  asso- 
ciates in  directing  the  monster's  movements,  The  wheels,  as  in  the  last 
figure,  are  represented  solid,  a  feature  undoubtedly  genuine ;  for  it  was 
the  uniform  practice  to  attempt  to  stop  the  progress  of  such  war-chariotf 
aa  had  wbeela  with  spokes,  by  throwing  spears,  Sec.  between  the  latter 


f»d2  lis  ^acts  in  bat  He, — Dragons  Jig  ured  f*n  Banners, 

and  hence  such  wheeb  were  sometimes  covered  with  boards  or  plates  of 
iron  previous  to  entering  into  battle. 

The  sword  or  dagger-like  tongue  kept  an  enemy  from  approaching 
too  near  in  front,  while  the  flames  protected  both  sides.  It  would  not 
Dave  answered  the  purposes  of  this  war-engine  to  have  made  its  sidot 
boiTont  with  bayonets,  for  they  would  have  retarded  its  progress  by  con- 
tact with  eveiy  obstacle  within  their  reach.  Its  efficiency  depended  chief- 
ly on  the  velocity  and  precision  of  its  movements,  it  would  therefore  be 
divested  of  every  thing  calculated  to  interfere  with  these.  The  inclina- 
tion of  the  tongue  was  designed  to  remove  obstacles  from  the  path. 
Had  the  spike  been  horizontal  it  would  have  transfixed  objects  it  met 
with,  and  the  progress  of  the  machine  would  soon  have  been  stopped. 
This  machine  is  apparently  represented  as  in  times  of  peace,  for,  unlike 
most  others  in  the  collection,  no  signs  of  war  arc  delineated  in  the  land- 
scape. The  fire  was  perhaps  applied  externally,  as  in  the  case  of  Pus- 
terich,  the  brazen  monster  belonging  to  the  Tyrant  of  Agrigentum,  and 
other  ancient  devices  of  the  kind :  but  this  part  of  the  subject  is  very 
obscure.  Like  chariots  with  swords  and  scythes  fixed  to  them,  and 
others  with  similar  weapons  revolving  in  their  fronts,  this  machine  when 
in  active  service  was  most  likely  urged  forward  by  horses  yoked  behind  ; 
ot  by  a  namber  of  men  applying  their  force  to  bars  attached  to  and  ra- 
diating from  the  rear — both  ancient  and  very  common  war  devices. 

An  enormous  Eolipile,  formed  afler  the  above  pattern,  charged  with 
inflammabld  liquids,  and  driven  furiously  and  unexpectedly  upon  a  su- 
perstitious foe,  must  not  only  have  borne  all  before  it,  like  a  modem 
locomotive,  but  must  have  rendered  opposition  hopeless  until  its  contents 
were  expended. 

The  dimensions  of  this  war  dragon  cannot  safely  be  inferred  from 
those  of  the  men  attached  to  it,  for  in  most  of  the  plates  in  the  work 
when^'.e  it  is  taken,  no  kind  of  proportion  is  preserved.  Soldiers  raising 
ladders  to  scale  the  walls  of  high  towers  are  often  drawn  sufficiently  tall 
to  reach  the  roof  with  their  hands. 

As  the  name  of  a  war  machine,  the  term  dragon  was  continued  to 
modern  times.  It  was  early  given  to  pieces  of  or^dnance,  to  devices  re- 
sembling in  their  attributes  ancient  Eolipilic  monsters.  Culverines  were 
originally  called  fiery-dragons.  The  Draconarii  of  the  Romans  bore 
dragons  on  their  standaids;  the  Parthians,  Indians,  Persians,  Scythians, 
Assyrians,  Normans,  Saxons,  Welsh,  and  all  the  Celtic  and  Gothic  na- 
tions painted  the  same  thing  upon  their  banners  and  pennons,  as  the 
Chinese,  Russians,  Tartars,  &c.  do  now.  Modern  dragoons  have  pro- 
bably afso  derived  their  designation  from  soldiers  who  formerly  manatrefl 
Eolipilic  dragons,  as  in  the  preceding  figure  ;  the  name  being  presen'od 
in  war's  vocabulary  after  the  office  and  instrument  were  forgotten.  Or- 
ders of  chivalry  were  named  afler  the  dragon,  and  heraldry  abounds 
with  its  figures. 

TiOt  us  now  turn  to  the  history  of  the  Goths,  by  Olaus  Magnus.  (Basil 
ed.  1567.)  The  fourth  chapter  of  the.  ninth  book  is  headed,  *'  De  ttreis 
equis  ignivomis  " — "  Of  brazen  horses  that  vomit  fire."  The  materials  of 
the  chapter  are  condensed  from  the  History  of  the  Danes,  by  Saxo 
Grammaticus,  a  Arriter  who  flourished  A.  D.  1140.  The  principal  inci- 
dent relates  to  tne  stratagetic  skill  of  an  old  king,  Rcgnerus,  who  wai; 
eventually  put  to  death  by  his  sons,  Daxon  and  Dian.  On  one  occasion 
»he  two  rebellious  brothers  invaded  their  fathei  's  kingdom,  having  been 
flirnished  for  the  purpose  with  a  large  army  by  king  Ruthenus,  whose 
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ja  ghtera  tfaey  Iiad  mtuTied.  Alarmeil  at  the  miglity  furces  brought 
ae^vnat  him,  Kegner us  ordered  anumbar  ofbrazea,  fire-breathiDg  hi>rsei 
to  be  secured  on  cbariois,  and  whirled  suddenly  into  the  deasest  body 
of  hu  eueTniea.  The  mauoBuvre  succeeded,  and  his  unnatural  schis  were 
put  to  flight,  v.  appears  that  the  chariots  and  their  burdens  were  ex 
ceedingly  massive,  since  they  overwhelmed  whatever  opposed  them 
We  add  the  passage  at  large  from  Saxo.  It  will  be  perceived  that  he 
19  silent  reepectitig  the  fire -vomiting  facul^  of  the  metallic  chargers, 
'.hough  that  was  clearly  implied  in  the  opinion  of  the  Gothic  historian  ; 
an  opii  ion  that  can  hardly  be  questioned. 

Post  hffic  Regnerus,  expeditionem  in  Hellosponticos  parans,  vocata- 
que  Danorum  concioue,  saluberrimas  se  populu  leges  laturum  pnimit- 
tens,  ut  unusqui»que  paterfamilias,  secul  ante,  quein  minimi  intei 
liberoB  duxerat,  militaturura  exhiheret,  ita  tunc  valontiiiHs  opene  liliuiu 
aut  prubatioris  fidei  servum  nrmaret,  edixit.  Quo  facto  omnibus,  quoa 
ex  Thiira  procreverat,  fiiiis,  prseter  ubimnen,  assumptis,  Heflespoiituna 
ejusque  regem  Dian  variis  ctmtusum  bellis  lacessendo  perdumuit.  Ad 
uhimum  eundem  creberrimis  discriminihus  implicatum  extinxit.  Cujiis 
filii  Dian  et  Daxon,  iilim  Ruteni  regis  filias  maritali  sorte  complexi.  im- 
petratis  a  socero  copiis.  ardentiseimo  epiritu  paternee  vindicta  negotium 
rapuerunt.  Quorum  Regnerus  immensum  animadvenens  exercitutn, 
diffidentia  copiai-um  habita,  ^qiui*  anteos  ductilihus  totalis  superpositne  ac 
Tersatilihus  curriculis  circumductos  in  confertissimos  hostes  maxima  ?i 
exBgitari  praecepit.  Qute  res  tanCum  ad  laxandam  adversaricirum  aciem 
valuit,  ut  vincendi  spes  magis  in  machinaraento  quam  milite  repoaita 
vidoretur,  cuius  iwtolerabilis  moles,  quicquid  impulit  obruit.  Altero 
ergo  ducum  interfecto  altero  fuga  sublapso,  universus  Helli.iponticorum 
cessit  exercitus.  Scithae  quoque,  Daxon  arctissimo  materni  sanguiois 
vinculo  contingentes,  eodem  obstriti  discrimine  refuruntur.  Quoruna 
proviacia  Witserco  attributa,  Rutenorum  reg.  parnm  viribus  fidens,  fi>r. 
midolosa  Regneri  arma  fuga  prtecurrere  maturavit. 

[Btio  GnnnuicI  HiHorii  DuiK.    EdLi«d  by  P.  C.  HuDer.    CopenlUfa.  1839.    Llbet  In.  p.  ua.1 

In  a  note  on  the  Equos  ^neos.  the  editor,  not  knowing  that  sui^S 
ifaingB  had  ever  been,  oDserves,  "  commentum  nescio  unde  petitum." 
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The  cut  No.  290  is  copied  from  the  rude  illi 
fifth  chapters.  Book  ix,  of  Olaus  Magnus.    A  figi 
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horses  is  iti  the  foregi'ound,  but  as  usual  it  is  a  mere  outline,  aixt  was 
perhaps  designed  by  the  illustrator  of  the  Gothic  historian's  work  from 
the  meagre  description  its  pages  or  those  of  Saxo  afford.  Nothing  de6- 
nite  can  be  derived  from  it  which  the  text  does  not  furnish.  Neither  the 
carriage  nor  its  load  comes  up  to  the  description  :  the  words  imply  that 
the  images  Lad  some  elastic  and  revolving  mechanism  of  their  own,  and 
versatile  chariots  meant  something  more  than  common  carts. 

The  fifth  chapter  (Book  ix)  is  on  the  same  subject,  and  to  this  effect. 
*  Vincentius  in  Spec.  Histo.  L.  xxxi.  Cap.  10,  asserts  that  the  king  of  the 
Indians,  commonly  called  Prester  John,  being  attacked  by  a  poweiful 
army  of  Ethiopian  Saracens,  enemies  of  the  christian  faith,  delivered 
himself  by  a  stratagem  not  unlike  that  of  Regnerus,  for  he  made  copper 
ttnages  of  men  and  mounted  each  upon  a  horse.  Behind  every  image  waa 
a  man  to  govern  it,  and  to  blow  with  a  bellows,  through  holes  made  for 
the  pur|>ose,  on  fumid  materials  inserted  beforehand  into  the  body  of  the 
image.  Provided  with  a  large  number  of  these  he  proceeded  vigorously 
against  his  enemies,  whom  Vincentius  calls  Mongols  or  Tartars.  The 
mounted  images  being  ranged  side  by  side  in  front  of  the  hostile  aimy, 
their  managei-s  were  directed  to  advance,  and  when  arrived  within  a 
short  distance  of  the  foe  to  commence  blowing  with  their  beHows  the 
smoking  fire  within,  and  with  a  continual  blast  to  fill  the  air  with  dark- 
ness— the  consequences  of  which  were  that  many  of  the  invaders  were 
slain  and  others  took  to  sudden  flight.  Large  numbers  of  horsemen  and 
horses  were  burnt  to  death  and  some  reduced  to  ashes  by  Gretk-fire^ 
composed  of  the  following  ingredients,  by  the  artificers  of  Prester  John : 

Anpaltum,  nepta.  dragantum,  pijc  qnoque  Greca^ 
Sulphur,  vernicis,  de  pttroliu  quoque  viiro, 
Mercurii^  sal  gemmie  Grsci  dicitur  ignis. 

Item  :  Saiphur,  p«troIium,  colopho,  resi,  terebinthi, 

AspaltujD,  camphora.  nepta,  armo,  bencdictum.' 

Magnus  could  make  nothing  out  of  these  old  poetic  recipes.  He  thought 
it  would  be  a  vain  task  to  attempt  their  explanation,  and  wicked  to  revive 
the  invention.  He  seems  lohave  been  of  an  opinion — once  heartily  enter- 
tained— that  the  souls  of  the  authors  of  Greek-fire  and  gunpowder  were 
reaping  their  appropriate  rewards  in  perdition,  doomed  for  ever  to  taste 
of  torments  which  their  "devilish  devices"  inflicted  on  others.  Vincen- 
tius, or  Vincent  De  Beauvais,  was  a  learned  monk  of  the  13th  century, 
and  one  of  the  most  voluminous  writers  whose  works  furnished  employ- 
ment to  the  first  race  of  printers.  He  died  about  1260.  His  '*  Speculum 
Historiale"  was  printed  in  1473.  The  most  striking  incident  drawn  from 
it  by  the  Gothic  writer  we  quoted  at  page  400,  from  Carpiui,  a  contem- 
porary monk,  who  Nogan  his  travels  in  1245,  and  to  whom  he  of  Beauvais 
was  most  likely  indebted  for  it. 

If  the  reader  will  fiow  look  again  at  the  last  cut  he  will  find  on  the 
back  ground  a  miniature  of  one  of  the  brazen  horsemen  in  the  act  of 
attacking  the  Mongols,  and  with  a  living  soldier  on  the  crupper  per- 
forming his  pLrt  of  the  business  with  bellows.  There  is  certainly  an  air 
of  romance  a*>ouf^  these  figures ;  but  accounts  of  them  reaching  us  through 
Ages  and  hot  beds  of  legends,  might  be  expected  to  be  loaJed  with 
apocryphal  matters.  Of  the  main  feature,  that  of  ejecting  flame  and 
smoke,  there  is  no  room  to  question,  since  it  is  corroborated  by  old 
writers  on  Greek-fire,  by  the  brazen  horses  of  Saxo,  and  the  pieceding 
figures  in  this  supplement.    But  Carpini's  relation  does  not  savor  so 
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much  of  poetry  as  may  be  supposed.  The  pnncipal  difficulty  is  in 
mounting  the  images  on  natural  horses;  but  this  is  not  a  necessary  in- 
ference. They  may  have  been  artificial  as  well  as  their  automaton 
ride!*B — and  we  believe  were  so— were  secured,  like  those  mentioned 
by  Saxo,  on  carriages,  and  behind  them  the  bellows-blowers  were  loca- 
ted. If  this  is  not  what  Carpini  meant,  we  should  say  he  misunderstood 
his  infoimant.  Living  horses,  with  flames  roaring  and  rushing  fix>ro  ori- 
fices close  to  their  eyes  and  ean,  would  be  as  likely  to  be  affrighted  as 
those  they  attacked  :  however  drilled,  they  could  not  in  such  circumstan- 
ces be  managed  without  difficulty  and  without  requiring  the  whole  at- 
tention of  their  riders,  but  the  latter  were  entirely  engaged  in  urging  the 
tires  at  the  most  ciitical  periods  of  the  charge,  leaving  the  animals  to 
pursue  the  right  course  of  themselves.  We  presume  the  metalline  ima- 
ges were  a  species  of  Hippocentaurs,  the  fkmes  issuing  from  the  hu- 
matr  bust,  and  the  fluid  and  other  materials  contained  in  the  spacious 
abdomen  below. 

It  is  said  these  equestrian  images  cast  foith  Greek-fire;  were  they 
then  Eolipiles  1  mounted  Pusterichs  ?  i.  e.  were  they  charged  with  li- 
quids, or  with  dry  substances,  which  once  ignited  continued  of  them- 
selves to  burn  until  the  whole  became  expended  1  From  the  want  of 
specific  information  it  is  difficult  to  arrive  at  a  definite  conclusion  on  this 
point.  The  evidence,  however,  preponderates  in  favor  of  their  Eolipi- 
iic  character.  Had  the  contents  been  a  composition  similar  to  any  thing 
used  in  modem  pyrotechnics,  what  need  of  fire  to  heat  them  and  of  bel- 
lows to  urge  the  fire  1  How  did  the  flaming  stream  continue  to  issue 
from  its  orifice  with  unabated  force  as  the  material  diminished  within, 
as  it  sank  far  below  the  place  of  exit  1  Would  not  the  image  be  liable 
to  explode  ere  its  contents  were  half  emptied  1  If  not,  why  have  me- 
tallic images?  Those  of  fragile  materials  would  have  done.  Again,  the 
'  reaction  of  the  jet,  like  that  of  a  rocket,  would  require  no  small  force  to 
be  overcome :  it  would  be  very  apt  to  shoot  the  brazen  warriors  back 
among  their  fViends,  instead  of  their  caiTying  destruction  among  their 
foes.  But  not  one  of  these  objections,  and  othera  which  might  be  named, 
apply  to  Eolipiles — to  a  liquid  discharged  by  the  elasticity  of  its  own 
vapor,  or  the  vapor  itself  thus  shot  foith.  With  these  instruments  the 
employment  of  fuel  was  necesary  and  the  application  of  a  blast  in  time  of 
action  important  if  not  indispcnsajile.  But,  what  is  more  to  the  point, 
Greek-fire  was  a  liquid.  See  p.  307,  8.  Meyrick,  in  his  account  of  ancient 
armor,  gives  its  composition  from  an  author  of  the  time  of  Edward  III. 
Several  ingredients  enumerated  are  mentioned  in  the  preceding  re 
cipcs  from  Vincentius  :^An  equal  quantity  of  pulverized  rosin,  sul 
phur  and  pitch  ;  one  fouith  of  opopanax  and  of  pigeons'  dung  welldned, 
were  dissolved  in  turpentine  water,  or  oil  of  sulphur :  then  put  into  a 
close  and  strong  glass  vessel  and  heated  for  fifteen  days  in  an  oven,  afler 
which  the  whole  was  distilled  in  the  manner  of  spirit  of  wine,  and  kept 
for  use.  Another  account  makes  it  to  consist  chiefly  of  turpentine 
water  (spirits  of  turpentine)  slowly  distilled  with  turpentine  gum.  It 
was  said  to  ignite  by  coming  in  contact  with  water. 

Two  distinct  modes  of  dispersing  the  hoiTible  fluid  are  mentioned ; 
one  by  forcing -pumps,  the  other  by  '*blovwng**  it  thi*ough  tubes  and 
from  the  mouths,  &c.  of  metallic  monsters.  The  former  is  noticed  in 
connection  with  naval  warfare,  and  the  latter,  if  we  mistake  not,  was 
chiefly  employed  in  conflicts  on  land.  Any  one  can  see  how  difficult  it 
would  be  fur  soldiers  promptly  to  apply  pumps  in  the  confusion  of  bat 


586  Greek'Fire  and  modes  of  prcjecting  %t, 

tie.  Appai  atus  equal  to  our  fire-engiues  would  have  been  of  little  effecti 
for  the  jets  could  but  feebly  be  sustained,  and  woi^e  directed  while  the 
reservoirs,  engines  and  men  were  in  motion,  whirling  hither  and  thither, 
now  advancing  and  anon  retreating.  We  read  also  of  ppi>rtable  "  s-iphoines^* 
being  also  used,  but  these  and  the  necessary  vessels  to  hold  thc;  liquid 
were  still  less  likely  to  be  effective  except  on  ships  in  close  combat; 
wheie  to  keep  up  conflagrations,  the  fluid  could  be  ejected,  cold  and  uo- 
ignited,  on  parts  already  kindled — as  if  our  engines  were  to  be  employed 
to  lanch  oil  or  turpentine  on  objects  already  in  flames.  On  ship-boai'd,* 
the  reservoirs  were  always  at  hand,  and  both  men  and  the  fixed  pumps 
they  worked  relatively  at  rest,  and  moreover  protected  either  between 
decks  or  in  equally  secure  locations,  so  that  one  or  two  individuals  alone 
sufficed  to  direct  the  fiery  streams  over  a  galley's  bow  or  sides,  and 
through  flexible  or  jointed  ajutages. 

The  expression  "  blown  through  tubes,"  &c.  could,  of  course,  have  no 
reference  to  any  thing  like  the  sarbacan,  nor  to  any  employment  of  hu- 
man lungs.  No  adequate  and  no  continuous  force  could  have  been  ob- 
tained except  by  artificial  means,  and  of  those  by  none  so  readily  as  by 
the  Eolipile.  That  this  instrument  was  intended,  the  figures  in  the  cut 
strongly  indicate.  If  the  vapor  of  the  fiery  liquid  was  ejected,  we  know 
that  nothing  else  could  have  answered.  But  both  the  idea  and  expression 
are  used  at  this  day  with  respect  to  modern  Eolipiles :  engineers  '*  blow 
ofT'  steam  by  opening  a  safety  valve  or  other  aperture  of  a  boiler;  and 
when  one  of  these  explodes,  on  shore  or  afloat,  how  often  is  it  said  of 
missing  individuals  and  objects,  they  were  "  blown  overboard  **— or 
"  blown  to  such  and  such  distances."  On  a  review  then  of  the  particu- 
lars that  have  reached  us  respecting  the  famous  Greek-fire,  it  seems  that 
the  machinery  for  ejecting  it  on  shipboard  was  a  species  of  pump ;  and 
on  land  by  large  boilers,  suspended  on  wheels  and  driven  liy  horses  or 
men,  made  in  fantastic  forms  of  men  and  animals,  fzom  whose  mouths 
the  flaming  torrents  were  ejected.  This,  ancient  writers  have  asserted, 
and  the  figures  we  have  given  confirm. 

That  Greek-fire  was  rather  the  revival  of  an  old  thing  than  the  dis- 
covery of  a  new  one,  and  f^hat  both  the  fire  and  the  machines  for  dis- 
persing it — Eolipilic  devices  infinitely  more  grotesque  than  any  figured 
on  these  pages — 'were  known  in  extremely  remote  times,  is,  we  mink, 
pretty  clear.  Under  this  impression  some  further  remarks  are  submitted 
with  the  view  of  eliciting  attention  to  a  curious  and  interesting  subject 
of  archeological  researcli — one  which,  it  will  be  conceded,  appew't  trt 
reflect  light  on  old  legends  as  well  as  on  old  Eolipiles. 

The  history  of  idolatrous  and  other  Eolipilic  automata  is  lost  or  per- 
haps never  was  written,  and  now  the  oppoitunity,  the  materials  and  men 
for  preparing  it  are  gone;  the  I'equisite  knowledge  did  not  sufficier?tly 
transpire  beyond  the  walls  of  temples,  and  even  there  was  confined  to  a 
privileged  few.  Such  a  record  could  only  have  been  furnished  by  those 
who  had  every  earthly  inducement  to  suppress  it — by  men  whose  piivate 
labors  were  devoted  to  diaguise  the  elements  of  deceptive  devices  they 
employed,  and  whose  pulXic  administrations  still  fiirther  concealed  them. 
It  may  therefore  be  concluded  that  such  an  expose  was  never  made,  or* 
if  made,  religiously  reserved  for  the  perusal  of  heads  of  colleges  or  the 
eyes  of  arch-magicians  alone.  It  is  to  be  regretted  that  so  valuable  a 
fund  of  hidden  knowledge,  of  mechanical  and  chemical  combinations,  of 
singular  d be Dveries  and  inventions;  a  bibliotheca  for  philosophers  and 
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artisans,  illustrating,  probably,  every  branch  of  ancient  science  and  ex 
posing  the  secret  workings  of  some  of  the  shrewdest  spirits  of  antiquity- 
should  be  lost.  It  would  have  enabled  us  to  repeat  staple  tiicks  of  Baby- 
Ionian  sorcerers  and  soothsayers,  and  would  have  placed  us  in  a  more 
favorable  position  for  observation  than  was  Pharaoh  when  he  commanded 
"the  magicians  of  Egypt  and  the  wise  men  thereof"  to  exhibit  their 
skill  in  his  presence. 

It  is  with  Eolipiles  as  with  other  materiel  of  old  jugglers.  The  few 
broken  specimens  and  straggling  notices  which  have  come  down  are  in- 
teresting but  unsatisfactory ;  they  tantalize  with  a  sip,  and  make  the 
mouth  water  for  more,  provoking  a  thii-st  which  they  cannot  allay.  That 
these  instruments  are  of  a  very  high  antiquity  is  undeniable,  and  that 
they  were  occasionally  used  to  eject  inflammable  fluids  for  deceptive 
and  destructive  purposes  is  equally  certain.  The  resemblance  in  the 
forms  and  functions  of  those  we  have  figured  to  mythological  fire-spout- 
ing monstera,  is  too  striking  to  escape  observation.  And  is  there  any  ab- 
surdity in  supposing  both  were  artificial ;  that  the  latter  were  literally 
what  they  are  described  ;  and  that  storibs  of  dragon-killing  heroes  are 
not  quite  so  romantic  as  they  appear  ?  A  literal  interpretation  of  such 
matters  may  appear  preposterous,  but  a  slight  view  of  the  subject  will 
convince  unprejudiced  minds  that  it  is  i^ot  half  so  absurd  as  many  receiv- 
ed metaphorical  solutions,  nor  is  it,  like  them,  embairassed  with  insur- 
mountable difficulties;  on  the  contrary,  it  renders  things  intelligible 
which  paleologists  have  not  ventured  to  explain,  and  which,  without  re- 
ference to  Eolipilic  automata,  we. presume  they  never  can  explain— 
things  so  bizarre  they  know  not  what  to  make  of  them.  But  once  admit 
they  were  what  they  pretend  to  be,  and  there  is  little  difficulty  in  receiv- 
ing them ;  interpret  them  by  some  other  rule,  and  we  are  at  once  cast 
adrifl  on  the  ocean  of  conjecture. 

Admit  that  mythic  characters  obtained  celebrity  from  battling  with 
Eolipilic  opponents;  that  some,  at  leaft,  of  the  dragons  and  many-headed 
monsters  of  antiquity  perfoimed  actions  ascribed  to  them — belched  out 
smoke  and  flame,  shrieked  and  gi'owled,  and  on  the  approach  of  strangers 
or  "curious  impertinents "  shook  themselves,  sprung  from  their  caves, 
({hey  were  commonly  and  for  good  reasons  located  in  dark  places)  oflen 
destroyed  those  who  attacked  them,  and  sometimes  disappeared  in  sudden 
bursts  of  thunder  and  amidst  showers  of  thunderboIts^—very  much  as 
their  descendants,  the  steam-dragons  of  the  present  day,  u:^ fortunately 
now  and  then  do.  Admit  this,  and  passages  in  history,  poetry  «ind  tradi- 
tion, hitherto  inexjdicable,  become  recitals  of  facts  ;  embarras<'ing  enig- 
nas  are  unriddled,  and  the  supposed  ofispring  of  fancy  are  forixi  sober 
children  of  truth.  That  Greek  and  Roman  writers  did  not  perceive  this 
is  little  to  the  point,  since  they  do  not  appear  to  have  been  aco  tainted 
with  fighting  Eolipiles ;  they  were  therefore  necessarily  at  a  los  ^  to  ex- 
plain, except  by  metaphor,  conflicts  between  these  machines  and  heroes 
of  ancient  days.  But  the  presiding  spirits  at  Eleusis  and  Delphos  could 
have  furnished  the  clew,  and,  had  it  suited  their  views,  could  have  illus- 
trated the  entire  series  of  fire-breathinc;  monsters,  by  reference  to  their 
own  collections ;  for,  as  before  remarked,  £r)lipiles  went  from  the  altar  to 
the  field. 

In  those  remote  times,  when  superstition  reigned  paramount,  when 
common  objects  and  events  were  construed  into  omens  and  uT'co^mou 
ones  were  looked  on  as  prodigies,  the  defeat  of  an  army  by  fire-breathing 
warriora  wotdd  form  an  epoch  in  baibarion  annals ;  exaggerated  descrip 
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tioiia  of  flaming  chariots,  of  gianta,  dragons,  hippcgrlffs  and  hybrids  of 
every  horrid  form,  and  possessing  supernatural  powek's,  woulu  be  Vu- 
zoned  abroad  ani  become  permanently  preserved  in  tradition.  It  could 
not  be  otherwise  ;  and  that  such  was  really  the  case  is  evident,  for  o\y- 
thology  and  remote  history  is  replete  with  these  very  things  ;  with  battles 
titjtween  Gods,  Cyclops  and  Titans.  But  in  process  of  time  the  artificial 
nature  of  warring  Eolipiles  would  sooner  or  later  be  suspected  and  as- 
certained. Intrepid  individuals  took  courage  to  attack  and  had  the  goyd 
fortune  to  destroy  one.  Success  made  them  heroes,  if  not  something 
more.  To  swell  their  fame  the  form  and  faculties  of  their  strange  oppo- 
nents were  distorted,  and  the  story  repeated,  with  every  addition  that  a 
love  of  the  marvellous  could  invent  or  credulity  receive,  till,  as  ages 
rolled  away,  it  became  just  what  such  stories  yet  extant  are— stories  of 
uionster-killing  gallants  from  Jason  to  Saint  George. 

WARS    OF    THE    GIANTS. 

hi  the  wars  of  the  giants,  fire,  thunder  and  thunderbolts  were  the 
chief  destructive  agents,  and  these,  we  are  told,  wore  produced  by  and 
ejected  from  monsters,  apparently  precisely  in  the  manner  of  Pustarich, 
Some  had  more  heads  and  arms  than  have  Hindoo  deities,  with  bodies 
terminating,  like  that  of  Dagon,  in  legs  resembling  fish  or  serpents. 
When  brought  into  battle  their  ten*ible  aspects  and  the  volumes  of  flame 
they  poured  forth  filled  their  enemies,  the  gods,  with  consternation. 
Defeated,  these  fled  into  Egypt,  where  they  learned  the  nature  of  their 
ardent  foes.  Jupiter,  Hercules,  and  their  associate  refugees  having  thus 
ascertained  that  their  victors  were  not  ipvincible,  recovered  courage, 
returned,  and  were  ai  last  victorious.  Now  what,  when  stripped  of  orien- 
tal ornament,  does  this  amount  to,  but  a  conflict  similar  to  that  betw^eeii 
Pi  ester  John  and  his  Mongolian  invaders;  between  Regnerus  and  his 
unnatural  sons,  and  others  in  which  fire-spouting  images,  figured  in  this 
supplement,  were  employed  ?  The  most  ingenious  conquering,  whether 
gods  or  mortals  were  combatants.  The  names  of  the  mythic  parties 
were  misnomers,  for  the  deities  were  ignorant  braggarts — they  co  j'd  not 
withstand  their  "  earth-born  "  enemies,  but  fled  for  refuge  and  instrjction 
into  other  lands.  The  accounts  remarkably  resemble  Chinese  bulletins 
of  fights  with  Europeans — contests  betw'een  modem  "  Celestials  *'  ar.d 
•outsiile  barbarians."  For,  ancient  like,  existing  "sons  of  beacon  " 
seem  to  have  placed  nt  first  as  much  dependence  upon  their  divine  pre- 
tensions and  their  comminations  as  in  their  weapons,  and  therefore  wer^ 
defeated.  The  giants  were  probably  ingenious  or  scientific  men — the 
Roger  Bacons  of  their  day — in  advance  of  the  age  and  conse<juently  de- 
nounced, as  such  have  ever  been,  by  self-styled  heirs  of  heavnn,  as  iniiael 
dogs  or  children  of  Tartarus. 

The  circumstance  of  the  divinities  flying  to  Egypt  when  they  couid  n»>f 
rope  with  the  fire-breathing  monsters,  or  rather  with  the  cunning  mon 
ster-makers,  is  remarkaVle.  There  they,  like  less  pretenders,  improve  J 
themselves  in  knowledge.  That  it  was  an  early  Pharaonic  po«licy  to  en- 
courage the  discontented  of  neighboring  nations,  is  abundantly  pio^'^^d 
VI  the  Old  Testament.  **  Wo  to  them  that  go  to  Egypt  for  hol[>—  that 
BU*engthen  themselves  in  the  strength  of  Pharaoh  !'*  [See  Isa,  chaps.  3C  aiid 
31 ;  Jcrem,  42  and  43.]  How  deep  and  general  must  have  been  liie  in: 
pression  of  the  power  of  the  Pharaohs  to  call  forth  the  declaration — *'  N»jw 
tho  E^vptians  are  men  and  not  God;  their  horses  flesh  and  n >t  spiri:.* 
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TYPHON. 

Hare  is  a  description  of  Typhon,  the  most  famous  of  iightiug  giai  If, — 
can  it  be  doubted  that  he  was  a  genuine  Pusterich  ]  "  He  had  name- 
roua  heft  da  lesembliiig  those  of  serpents  or  dragons.  Flames  of  devour- 
ing lire  ruslied  hissiTig  from  his  mouth  and  eyes ;  he  uttered  horrid  yells 
like  the  diss  Jt;  ant  shrieks  of  diilerent  animals.  He  was  no  sooner  born 
Uian  he  waned  with  the  gods  and  put  them  to  flight/'  Not  a  circum- 
stai.ce  is  here  mentioned  that  does  not  accord  with  his  alleged  artificial 
character,  and  there  are  few  others  which  do  not  harmonize  with  it. 
He  went  to  battle  as  soon  as  bom,  that  is,  as  soon  as  he  was  made.  The 
whole  family  was  said  to  be  "  earth-bom  " — the  members  rising  out  of 
the  ground  completely  formed,  &c.;  indications  of  their  gross  not  ideal 
nature,  of  their  secret  construction  in  subterranean  workshops — the  lat- 
ter a  precaution  essential  to  the  recognition  of,  and  belief  ki  their  super 
natural  origin. 

She  sings,  from  earth's  dark  womb  how  Typhon  rose, 

Aod  struck  with  mortal  fear  his  heavenly  toes.— lOvti,  Met.  v.] 

The  name,  Typhon,  is  derived  from  a  word  signifying,  **  to  smoheJ'* 
The  goddess  of  night  was  the  m«)ther  of  monsters ;  an  enigma  beau- 
tifully expressive  of  the  secret  fabrication  of  Eolipilic  imagery.  Typhon 
and  his  brethren  were  moreover  sons  of  Tartarus  as  well  as  of  Terra — 
were  brought  forth  of  earth  by  the  assistance  of  hell — a  trait  still  furtlier 
significative,  and  particularly  of  the  element  by  which  they  were  anima- 
ted, that  from  which  their  terrors  were  derived.  Demons  they  were  in 
shape,  occupations  and  attributes;  in  the  torments  they  inflicted  and 
the  victims  they  slew ;  tangible,  and  the  most  perfect  representations  of 
evil  principles  and  passions.  The  paternity  of  these  monsters  is  the 
same  as  that  given  to  modem  ordnance,  so  true  it  is  that  similar  things 
ever  produce  the  same  ideas.  A  thousand  times  have  guns  and  gun- 
powder been  described  as  infernal  inventions,  as  conceptions  injected 
by  demons  and  matured  by  their  influence. 

Does  the  idea  seem  too  gross  for  contending  gods  and  demi-gods  to 
fight  with  Eolipiles  1  Let  it  be  remembered  that  Milton  could  find  no 
warring  engines  so  appropriate  for  Satan  and  his  hosts  as  artillery.  In 
fact,  poets  can  only  arm  mortal  or  immortal  warriors  with  weapons  and 
agents  that  are  kjioxv^n^  although  they  may  exaggerate  them.  All  sym- 
bolic imagery  must  be  derived,  directly  or  remotely,  from  earthly  types. 
The  author  of  Paradise  Lost  necessarily  followed,  in  this  respect  also, 
the  old  mythologists  he  ccrpied,  and  as  **  fiery  monsters,"  whether  guns 
or  Eolipiles,  are  not  in  th^ir  nature  and  effects  much  unlike,  we  find 
little  difference  in  ancient  poetic  descriptions  of  one,  and  modem  poetic 
descriptions  of  the  other.  Indeed  they  might  often  be  interchanged  with- 
out detection.  The  monsters  described  by  Milton  as  mounted  upon 
wheels,  whose  mouths  with  hideous  orifices  gaped,  and  which,  with  im- 
petuous fury,  belched  from  their  deep  throats  chained-thunderbolts  and 
iron  hail,  are  the,refore  no  stronger  proolls  of  guns  and  gunpowder  being 
known  dui'ing  the  English  Commonwealth,  than  are  fire-breathing  hy 
briOs  of  mythology,  of  the  early  use  of  Eolipilic  engines. 
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If  we  turii  to  later  examples  we  shall  find  circumstances  leaking  out 
vvhich  betray  the  artificial  character  of  mythic  monsters,  l^he  Argo. 
oautic,  like  ail  early  expeditions,  was  of  a  piratical  nature,    its  object 
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The  Colchian  treasury,  or  the  "  golden  fleece,"  a  term  in  ancient  Syriae 
implying  treasures  of  gold.  These  were  protected  by  a  dragon,  and  by 
twd  brazen-horned  and  hoofed  bulls,  which  flashed  from  their  mouths 
and  nostrils  flames  and  smoke.  As  U8ual«  they  were  located  at  the  en* 
trance  of  a  cave. 

•*  Thick  smoke  their  subUrraneims  home  proclaims ; 
"  From  their  broad  nostrils  pour  the  rolling  flames." 

[ApoUoniutt  L.  iii.] 

The  daughter  of  ^etes  (the  Colchian  king)  becomes  enamored  of 
Jason.  The  lovers  swear  eternal  fidelity  to  each  other;  and  to  save  the 
adventurer's  life,  Medea  explains  to  him  the  secret  of  the  monster's 
p.;wers.  Thus  informed,  and  furnished  with  an  ointment  to  protect  hia 
&ce  and  hands  from  the  siiigeing  blast  at  the  onset,  he  approached  with 
a  smiling  countenance,  as  well  he  might,  and  quickly,  to  the  chagrin  of 
the  monarch,  subdued  the  '*  brazen  "  monsters.  If  any  doubt  remains  re- 
specting  the  true  character  of  this  transaction,  it  is  greatly  if  not  wholly 
removed  by  the  subsequent  conduct  of  Medea.  She  every  where  evin- 
ces familiarity  with  the  principles  of  the  Eolipile — with  secret  applications 
bf  fire,  steam,  sulphur,  inflammable  fluids  and  explosive  ^impositions 
(See  page  120.)  J3y  the  adroit  use  of  these,  which  she  introduced  into 
Greece,  she  became  celebrated  as  the  most  expert  enchantress  of  an- 
tiquity. It  was  by  a  clever  but  diabolical  trick  in  Pyrotechnics  she  de- 
stroyed Creusa,  while,  fuither  to  be  revenged  on  her  unfaithful  husband, 
she  contrived  to  set  his  palace  in  flames  and  then  disappeared  in  a  cha- 
riot drawn  by  winged  dragons ! — probably  some  startling  pyrotechnic 
device,  learned  from  the  magicians  at  her  father's  court,  and  under  the 
cover  of  which  she  withdrew ;  unless  we  are  to  suppose  she  was  blown 
tip  by  the  explosion  of  one  of  her  own  caldrons  or  compounds. 

There  is  no  improbaoility  in  the  supposition  that  attempts  at  flying 
were  somewhat  frequent  in  remote  ages,  and  that  jugglers  and  artists, 
like  Daedalus,  did  then,  as  in  subsequent  times,  get  up  exhibitions  of  the 
kind ;  but,  be  this  as  it  might,  it  may  be  taken  for  granted  that  so  expert  a 
pyrotechnist  as  Medea,  was  at  no  loss  in  sending  up  a  chariot  with  an 
artificial  representation  of  herself,  on  the  same  principle  as  such  things 
have  been  done  from  time  immemorial  in  India  and  among  the  Chinese. 
They  were  common  a  few  centuries  a<ro  in  Europe.  Like  most  old 
writers  on  fire-works,  John  Bate  giv'>3  directions  how  to  make  •*  fire* 
drakes "  and  "  flying-dragons."  The  latter  were  to  be  constructed  ol 
ribs  of  ligl>t  and  dry  wood,  or  with  whalebone  "covered  with  muscovie 
glasse  and  painted."  They  were  to  be  filled  with  "  petrars," — fiery  ser- 
pents were  attached  to  their  wings,  which  were  arranged  to  shake  when 
the  monster  moved.  A  sparkling  composition  was  to  bum  at  the  mouths 
and  tails,  and  one  or  two  large  rockets  were  to  be  attached,  "according 
to  the  bignesse  and  weight  of  each  dragon."  The  trick  of  Simon  Magus, 
in  presence  of  Claudian  or  Nero,  was  perhaps  allied  to  that  by  which 
the  Colchian  enchantress  astounded  her  adopted  countrymen.  Giving 
out  that  he  would  prove  his  divinity,  or  his  alliance  with  the  gods,  by 
flying,  he  appeared  at  the  appointed  time,  as  the  story  says,  on  the  top 
of  a  high  tower,  whence  lie  flung  himself,  (or  an  artificial  substitute,) 
and  floated  for  some  time  in  the  air,  supported  by  demons  or  dragons. 
The  latter  no  doubt  as  i-eal  as  the  huge  scarabeus  which  Dr.  John  Dee, 
state-conjurer  to  Elizabeth,  made,  and  which  flew  ofi*  with  a  man  on  its 
back,  and  took  a  basket  of  provisions  for  the  journey. 

Oriental  literatui*e  is  laden  v^rith  aerial  exploits  of  this  nature— of  op- 


Ancient  and  Modern  Jugglert. — Medta  and  the  Dragon,      59) 

cliaL  .rs,  who  like  Medea,  or  Urganda  in  Amadis  de  Gaul,  tranfipoited 
men  through  the  air  on  artificial  serpents  and  dragofis,  and  of  conflicts  be- 
tween  knights  and  monsters.  But  fur  the  loss  of  those  volumes  on  **  cu- 
rious arts/' — the  pile  of  magical  books  burnt  at  Ephesus — (Acts^  xix.  19.) 
many  an  ancient  and  modem  prodigy  might  have  been  explained.  We 
know  with  what  ardor  marvellous  tricks  and  stories  were  devised  and 
concocted  in  the  middle  ages,  and  with  what  avidity  gaping  multitudes 
mcoived  them.  Even  at  this  very  day  similar  tricks  are  played  off  suc- 
cessfully by  monks  to  unsuspicious  congregations.  Is  it  any  wondei, 
then,  to  find  pagan  boors  in  Roman  times,  and  others  in  the  darkest  oi 
mythic  epochs,  dupes  to  expert  jugglers  ?  We  may  regret  the  infatuation 
of  i-emote  ages,  but  we  should  not  forget  how,  in  comparatively  late 
days,  traditions  arose  and  swelled  in  wonder  as  years  rolled  over  them, 
and  how  mechanical  devices,  simple  in  themselves,  but  not  comprehend- 
ed by  the  public,  were  metamorphosed  into  supernatural  productions, 
which  increased  in  mystery  and  magnitude  as  the  times  when  they  were 
contemplated  receded  from  those  of  their  birth.  Had  printing  not  been 
introduced  we  might  have  competed  with  the  ancients  in  prodigies,  and 
prodigies  as  fully  believed;  for  there  are  few  old  examples  derived 
fnim  tangible  mechanism,  or  pure  phantasma,  that  Lave  not  been 
imitated  by  modern  manufacturers.  But  alas  for  these !  the  revival  o. 
letters  is  the  bane  of  their  fame.  Stripped  of  their  boiTowcd  garments 
they  stand  before  us  as  ordinary  mortals — a  predicament  most  of  their 
]<redecessoi's  would  be  in,  had  we  equal  facilities  to  disrobe  them. 

The  manner  of  taming  the  dragon  at  Colchis  is  characteristic.  It  was 
the  work  of  Medea  rather  than  of  Jason,  accomplished  privily,  and  at 
midnight.  Instead  of  instructing  the  leader  of  the  Grecian  adventurers 
to  attack  it  as  he  attacked  the  bovine  monsters,  armed  with  his  faulchion 
and  club — a  species  of  combat  that  might  have  alarmed  the  palace,  she 
adopted  a  process  more  quiet  and  equally  effective;  in  fact,  just  such  an 
one  as  might  have  been  expected  from  her. 

*'  To  make  ihe  drasron  sleep  that  never  slept, 
Whose  crest  sihuous  dreadful  lustre;  from  hitt  jaws 
A  triple  lire  of  forked  stings  he  draws. 
With  fanzs  and  wif\^?s  of  a  prodigious  size: 
Such  was  the  ^uardiun  of  the  golden  prizei 
Yet  him,  berprinklcd  vrith  Lethtcan  dev. 
The  fair  eQchanirAs&  into  slumheri  threw"    [Mel,  vii.] 

That  is,  in  unadorned  prose,  she  turned  or  threw  on  the  concealed 
boiler  and  furnace  a  shower  o^  col fl  water ;  and  thus,  without  injuring 
the  dragon,  sent  him  as  effectually  to  sleep  as  a  steam-engine  is  without 
steam — the  very  device  which  has  been  recommended  to  render  harm- 
less a  boiler  when  ready  to  exj^h^de. 

The  incident  mentioned  by  Apolkmius  of  the  dragon  hissing  so  hor- 
ribly and  loud,  when  the  two  lovers  approached,  as  to  cause  neighboring 
forests  to  echo  back  the  sound  and  make  distant  people  start  in  their 
dreams,  is  pure  hyperbole :  if  modified  to  an  ordinary  growl  it  is  hardly 
reconcileable  with  what  he  just  before  narrates  of  the  lady  being  so  cau- 
tious of  awakening  the  numerous  palace-guards  as  t  >  escape  through 
by-paths  barefoot.  Sensible  of  the  solecism  he  in  the  next  breath  as- 
cribes the  undisturbed  repose  of  ^etes  and  his  family  to  magic.  It 
would  however  be  futile  to  attempt  to  extract  unadulterated  truth  in 
every  particular  from  labored  fiction,  and  particularly  in  dragon  history, 
to  make  out  wheie  triKh  and  fable  meet,  where  '^^'e  begins  or  the  other 
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ends.  Facts  woven  up  in  old  poetry  were  like  woollen  threads  in  Baby 
Ionian  garments — valued  in  proportion  as  they  were  embellished.  The 
poet's  like  the  sculptor's  or  embroiderer's  skill  was  measured  by  the  art 
*vith  which  ordinary  materials  were  lost  in  forms  and  ornament.  Few 
think  of  aluminous  earth  while  viewing  the  splendid  vase,  and  none  look 
for  truth  unadorned  in  works  of  classic  artists.  ■ 


THE    CHIMiBRA. 

The  Chimaera  destroyed  by  Bellerophon  loolcs  very  like  another  speci- 
men of  Eolipilic  ingenuity,  though  represented  of  course  as  a  living  ani- 
mal, agreeably  ^to  legendary  tradition  and  poetic  license.  Homer  de- 
Bciibes  it  as 

Lion  faced, 

With  dragon  tail,  shag  bodied  as  the  goat, 

And  from  his  jaws  ejecting  streams  of  fire.    [Jl,  vi.] 

The  most  popular  of  ancient  explanations  supposes  this  monster  Big 
nified  a  burning  mountain,  whose  top,  on  account  of  its  desolate  nature 
was  the  resort  of  lions,  [an  obvious  contradiction]  the  middle  being  fruit- 
ful, abounded  with  goats,  the  marshy  ground  at  the  bottom  swarmed 
with  serpents,  and  Bellerophon  by  cultivating  the  mountain  subdued  it ! 
Such  is  one  of  the  best  specimens  of  classical  guessing,  and  yet  both 
mountain  and  its  inhabitants  were  suppositious — assumed  for  want  of 
better  grounds  of  conjecture.  It  is  observable  that  old  fire-breathing 
monsters  are  represented  as  akin  to  each  other:  thus  the  Chimaera,  the 
dragon  which  guarded  the  golden  fruit  in  the  garden  of  the  Hesperides, 
Cerberus  and  others,  were  related  to  Typhon  and  the  rest  of  the  giants — 
as  if  to  intimate  their  common  nature,  so  that,  according  to  mythology 
itself,  if  one  was  an  automaton,  all,  or  nearly  all,  partook  of  the  same 
character.  If  the  mountain  supplied  the  true  solution  of  the  Chimeera,  it 
should  furnish  a  key  to  unriddle  the  rest,  but  it  would  be  impossible  to 
locate  volcanoes  where  fiery  dragons  were — in  gardens,  cellars,  palaces, 
&c.  and  still  more  so  to  mi5ke  them  travel  abroad  and  rush  hither  and 
thither  in  battle. 

How  much  more  reasonable  to  admit  the  Chimaera  to  have  been  an 
Eolipilic  dragon ;  its  descri/)tion  is  then  natural,  its  appearance  and  per- 
formances credible,  and  its  demolition  by  the  great  captain  consistent. 
Old  demi-gods  did  not  acquire  their  titles  by  wielding  the  mattock. 

If  the  figure  No.  289  had  a  couple  more  heads  and  were  furnished 
with  the  caudal  termijius  of  a  lizard  or  cayman,  it  would  fonn  no  bad 
representation  of  the  Chimaera. 

CACUS. 

As  like  causes  produce  like  effects,  so  in  early  as  in  later  times  dis- 
banded soldiers  turned  often  robbers.  Too  idle  to  work,  numbers  of 
these  rufRans  lived  by  private  plunder  when  opportunities  ceased  for 
sharing  public  spoils.  Not  a  few  of  the  old  heroes  belonged  to  this  class, 
and  among  them  was  Cacus,    The  story  of  this  famous  thief  is  an  admi- 

*  There  is  a  striking  likeness  in  the  manners,  cnstoms  and  superstitions  of  the  Col 
chians,  as  portrayed  by  Apollonius  Rhodius,  and  those  of  the  people  described  bv  Sazo 
and  Olaus  Magnus.  It  would  be  a  curious  fact  if  fiehting  and  juggling  Elolipiles,  or 
the  knowUds^e  of  them,  lingered  in  the  regions  of  tne  Euxine  and  Caspian  irom  ih« 
adventure  of  the  Argonauts  to  the  battles  in  which  the  automatons  represented  in  ng!!« 
2&d  and  290  are  said  to  have  been  employed.  It  was  from  Scythia  tne  arts  of  bras» 
founding  and  working  in  metals  descenrled  to  lower  latitudes,  according  to  Pliny. 
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rable  cornme. :  0:1  the  state  of  society  in  his  day,  besides  furnishing  an- 
other specimo'-  of  fraud  preying  on  credulity  by  means  of  Eolipiles.  A 
sou  of  Vulcan,  he  knew  something  of  machinery  and  of  the  wonders, 
honest  and  dis  onest,  his  father  wrought  by  it.  As  usual,  he  occupied  a 
cave  favorably  located  for  his  purposes. 

....  See  yoD  rock  that  mates  the  sky, 
About  whose  feet  such  heaps  of  rubbish  lie; 
ouch  indigested  ruin  -,  bleak  and  bare, 
How  desert  now  it  stands,  exposed  in  air! 
'    'Twas  once  a  robber's  den,  enclosed  around 
With  living  stone,  and  deep  beneath  the  ground 
The  monster  Cacus,  more  than  half  a  hea.si, 
This  hold,  impervious  to  the  sun,  possess'd.    \En.  viii.   Dryderu 

At  the  cavern's  mouth  he  had  a  triple-headed  image,  which  (not  its 
owner)  belched  black  clouds  and  livid  nre.  It  was  at  length  destroyed 
by  Hercules,  who  we  have  seen  had  some  experience  in  such  matters. 
The  success  of  Cacus  in  levying  contributions  from  the  fields  and  folda 
of  the  simple  inhabitants  of  the  neighborhood,  and  on  drovers  passing 
through  it,  appears  to  have  been  due  to  the  tact  by  which  he  made  it 
generally  believed  ihat  he  and  the  monster  were  one  and  the  same  indi- 
vidual :-*a  common  ruse  this  in  such  cases,  and  one  by  no  means  pecu- 
liar to  mythic  epochs.  He  made  his  forays  in  the  night,  and  lay  concealed 
during  the  day. 

The  personification  of  Eolipilic  and  other  images  was  in  keeping  with 
their  design,  and  necessary  to  presence  their  influence  over  the  igno- 
rant. As  they  sustained  the  characters  of  gods  and  demigods,  they  were 
addressed  as  such.  The  practice  differs  but  little  from  what  is  now  in 
vogue ;  fire-engines,  mills,  ships,  guns,  &c.  have  male  and  female  desig- 
nations, are  often  spoken  of  as  if  endowed  with  spontaneity  and  pas- 
sions ;  but  with  not  half  the  propriety  as  androids  representing  and  per- 
forming functions  of  living  beings.  Sometimes  these  are  so  delineated  in 
their  appearance,  feelings,  employments,  &c.  that  no  doubt  of  men  being 
intended  could  arise,  were  they  not  at  other  times  associated  with  attri- 
butes and  deformities  unknown  to  humanity.  The  solution  is  however 
easy  : — The  ancients  like  the  moderns  gave  their  names  to  certain  classes 
of  devices,  and  it  is  descpptions  of  these  which  we  confound  with  the 
pennons  after  whom  they  were  named — the  artificial  dragon  of  Cacus 
with  that  individual.  The  same  cause  of  misapprehension  may  take  place 
-.vith  regard  to  men  and  things  of  our  day.  What,  for  example,  must  peo- 
ple think,  some  thousands  of  years  hence,  of  Washington  and  Franklin, 
-fall  memorials  of  them  should  then  be  lost  except  a  few  statements,  ot 
which  one  described  them  as  floating  monsters,  300  feet  in  length,  with 
scores  of  brazen  mouths  through  which  they  vomited  floods  of  fire  and 
I  oared  so  loud  as  to  make  mountains  quake :— K)r  according  to  another 
they  were  of  less  majestic  size,  but  showering  volumes  of  smoke  from 
iron  throats,  trembling  with  passion  when  obstructed  in  their  progress, 
and  then  starting  forward,  gasping  and  galloping  over  the  ground  with 
almost  lightning  speed,  and  leaving  trains  of  fire  behind !  Land  and  wa- 
ter dragons  1  What  could  such  people  think  unless  informed  that  74  gun- 
ships  «nd  locomotive  carriages  oflen  bore  the  christian  names  and  sur* 
rames  of  those  celebrated  men. 


OERTON . 

Geryon,  another  demigod,  resembled  Cacus  in  appearance  but  not  in 
circumstances   and  condition,  for  he  was  3  prince,  and  rich  in  floclis  and 
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herds,  and  to  guard  them  had  a  dog  with  two  heads  and  a  dragon  with 
0even  ;  both  of  which  were  overcome  by  Hercules,  who  also  slew  their 
owner  and  seized  the  cattle  as  his  rightful  spoil.  This  Quixote  of  mylho 
logy  travelled  in  quest  of  strange  adventures,  and  enriched  himself,  as 
all  heroes  did  and  do,  by  rapine.  In  his  time,  as  in  Job*s,  wealth  consist- 
ed principally  in  cattle ;  and  cattle  stealing  was,  as  in  subsequent  times, 
not  held  dishonorable — except  when  unsuccessful.  Gods  and  demigoda 
followed  and  acquired  fame  by  the  profession.  Of  primitive  moss-troop- 
ers  none  equalled  Mercury  and  Hercules  in  cunning ;  it  was  therefore  a 
sad  mistake  in  Cacus  to  seize  eight  of  Geryon's  kine  while  in  the  posses- 
sion of  such  a  bold  and  knowing  drover  as  Alcides.  Though  he  succeeded 
in  getting  them  uu perceived  into  his  den,  his  fire-spitting  image  had  no 
fears  for  the  enraged  loser,  who  was  too  familiar  with  such  things  to 
dread  them. 

This  primitive  prevalence  of  robbery  sufficiently  accounts  for  the 
adoption  of  secret  and  extraordinary  devices  to  scare  night  thieves  from 
folds  and  dwellings  of  the  rich;  and  sure  we  are  that  modern  ingenuity 
might  be  taxed  in  vain  to  produce  one  better  adapted  to  teirify  the  igno- 
rant and  keep  the  dishonest  at  bay,  in  dark  and  grossly-superstitious  times, 
than  flame-ejecting  Eolipiles.  On  the  approach  of  a  thief,  the  concealed 
attendant  had  only  to  open  a  cock  to  send  a  scorching  blast  on  the  offend- 
er, or  the  latter  might  himself  unconsciously  be  made  to  open  it  by  his 
weight — a  species  of  contrivance  perfectly  in  character  with  the  genius 
and  acknowledged  productions  of  ancient  artists.  Vulcan  was  full  of  such 
conceits.  Even  now  a  grim-lookiiig  image  of  the  kind  would  excite  no 
little  horror  among  stupid  burglars,  while  it  would  strike  savages  dumb. 

The  word  Geryon,  according  to  some  paleologists,  signified  thunder- 
bolts, and  was  allusive  to  the  hissing,  piercing,  overwhelming  and  scorch- 
ing blasts  wliich  issued  from  the  doff  and  dragon,  or  from  a  triple-bodied 
monster  called  Geryon  :  not  a  slit^nt  intimation  this  of  their  Eolipilic 
nature.  In  fact,  to  consider  them  as  figurative  creations,  and  the  rest  of 
the  characters  and  objects  renl.  is  inctmsistent ;  unless  it  be  conceded 
that  Geryon*s  cows  were  kept  from  thieves  by  metaphors,  and  that  these 
were  hacked  and  shatterei^.  by  material  clubs  and  faulchions.  It  would 
have  required  some  flaming  similes  to  frighten  experienced  cattle-lifters 
like  Cacus  and  Autolycus  from  their  destined  prey,  or  to  induce  them  to 
yield  up  acquired  spoils. 

To  resolve  these  "  orazen"  monsters  into  mere  creations  of  the  brain, 
appears  to  us  as  reasonable  as  to  explain  away  in  like  manner  metalline 
automata  of  the  Bible — representing  them  os  having  had  no  connection 
with  the  crucible,  but  simple  abstractions :  the  serpent,  for  example,  as 
emblematical  of  the  cunning  of  Moses,  and  the  calf  of  stupidity  in  the 
peo]>le.  By  the  same  process,  we  might  interpret  the  "bronze*'*  vessel 
or  statue  in  which  Eurystheus  concealed  himself  from  Hercules  into  an 
imaginary  symbol  of  excessive  fear;  and  so  with  the  bi'azen  bull  of 
Phalaris  and  horse  of  Aruntius,  in  which  human  victims  were  consumed, 
and  their  shrieks  niade  to  resemble  the  bellowing  of  oxen,  by  reverbera- 
ting through  interior  tubes  :  a  device  probably  as  old  as  Amalekitish 
artists,  and  even  older.  The  calf  or-  heifer  cast  by  the  Israelites  in  the 
wilderness  "  lowed,"  according  to  the  Koran.  (Chap,  vii.) 

No  one  can  (Joubt  the  ability  of  workmen  ancient  as  Vulcan  and  the 
Cyclops  to  produce  machinery  of  the  kind.  If  one  fact  be  more  prominent 
than  another  in  the  earliest  records,  sacred  and  profane,  it  is  the  perfec- 
tion to  whicii  hi  ass-foundinfir  had  arrived,  and  the  amazing  extent  tu 
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v^hich  metallic  imagery  was  carried.  This  was  a  natural  result  of  idol- 
atry. Superstition  was  the  nurse  of  these  arts ;  the  keenest  intellects  and 
finest  workmen  were  engaged  in  them.  The  grand  distinction  between 
the  useful  professions  of  past  and  present  times,  is  not  due  to  any  differ- 
ence in  capacity  or  skill,  out  to  the  estimation  in  which  the  arts  were  and 
lire  held.  The  ancients  were  ignorant  of  their  destined  influence  on 
human  happiness  and  glory,  and  therefore  only  such  branches  were  pa- 
trf)nized  as  strengthened  the  hold  of  chief  priests  and  rulers  on  the  mul* 
titude. 


CERBERUS. 

It  is  said  of  Hercules  that  he  went  about  subduing  the  powerful,  re- 
lieving the  oppressed,  and  exposing  fraud  ;  but  when  occasions  required 
he  obviously  acted  the  juggler  himself.  The  last  and  greatest  of  his 
twelve  labors — his  Cerberean  adventure — bears  on  every  feature  traces 
of  trick.  He  here  employs  the  very  device  which  Cacus,  Geryou,  JEetes 
and  others  had  found  so  successful.  To  play  it  off  well  would  establish  his 
fame  over  all  competitors.  Ha>'ing  destroyed  every  earthly  dragon  he  had 
heard  of,  he  undertakes  to  wind  up  his  achievements  in  that  line  by  prov- 
ing his  prowess  upon  the  one  which  guarded  the  gates  of  hell.  It  was 
therefore  given  oiit  that  he  was  about  to  bring  up  Cerberus  to  light  and 
exhibit  him  to  mortal  view.  This  would  eclipsie  all  other  dragon  transac- 
tions, and  this  he  accomplished  I  Is  it  asked  how  1  Why,  by  entering  a 
** dark  cavern'*  on  Mount  Taenarus,  and  after  a  while  dragging  to  its 
mouth  a  three-headed  dog — an  Eolipilic  automaton  !  As  the  exhibition 
was  of  course  made  in  the  night,  the  affrighted  spectators,  and  all  not  in 
the  secret,  could  not  doubt,  at  the  distance  they  stood,  the  presence  oi'  the 
canine  guardian  of  Tartarus ;  its  eyes  glaring  with  living  fire,  smoke  pout- 
ing  from  its  jaws,  its  movements  and  the  noise  it  made,  would  more  than 
ensure  conviction.  The  public  part  of  the  performance  being  over,  the 
exhibitor,  agreeably  to  promise,  instantly  set  about  (no  doubt  to  the  grati 
fication  of  the  audience  and  particularly  of  Eurystheus)  to  remove  the 
monster  to  its  own  domicile.  There  is  no  room  to  doubt  this — ^he  certainly 
pulled  it  back  to  the  place  whence  he  drew  it  forth,  and  none  were  so  bold 
as  to  follow  and  see  how  he  succeeded.  Probably  not  one  of  the  beholders 
hut  would  rather  his  hands  and  feet  had  changed  places  than  have  ven- 
tured within  the  cave  on  this  occasion. 

We  can  form  a  pretty  accurate  idea  of  the  sonorous  "roarings,"  the 
"  hissings,"  and  "  variegated  yells"  of  mythic  monsters,  by  similar  sounds 
produced  when  steam  is  blown  off,  through  various  formed  orifices,  from 
modem  Eoljpiles. 

A  distinction  is  observable  in  the  characters  and  applications  of  fire- 
vomiting  images.  Those  which  represented  gods  or  warriors  partook 
more  or  less  of  the  human  figure,  while  such  as  guarded  enclosures  for 
cattle,  habitations,  and  places  where  riches  were  kept,  put  on  forms 
compounded  of  dogs,  serpents,  lizards,  bats,  &c.  t.  e.  were  dragons — an 
idea  derived  fi'om  the  employment  of  household  mastiffs  and  shepherd 
CUTS.  (A  beautiful  illustration  of  the  practice  of  protecting  houses  is 
seen  on  entering  the  vestibule  of  "The  house  ^f  the  Tragic  poet"  at 
Pompeii.  On  the  mosaic  pavement  is  lively  represented  a  fierce  and 
full-aized  dog,  collared  and  chained,  in  the  act  of  barking,  and  ready  to 
spring  upon  the  intruder.  At  his  feet  is  the  caution,  in  legible  letters, 
cave  canem,  beware  of  the  dog.)  Griffins,  or  dragons,  says  Pliny,  form- 
erly guarded  gold  mines,  and  in  old  illustrated  works  some  queer-look- 
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ing  nondescripts  are  seen  performing  that  duty.  The  sentiment  was 
once  universally  received ;  it  still  has  believers  in  benighted  paits  of 
Europe,  and  over  a  great  part  of  the  East  It  was  encouraged  by  inte* 
rested  individuals  to  keep  timid  thieves  at  a  distance.  Ridiculous  as  it 
appears,  it  accords  with  every  other  occupation  of  dragons.  Why  not 
protect  rich  mines  as  well  as  a  few  pounds  of  metal  1  The  story  or  the 
fact  gave  rise  to  the  fable  of  Cerberus ;  for  Tartarus,  its  occupants  and 
their  occupations  were  all  derived  from  earthly,  tangible  types. 

Pluto  was  an  extensive  mining  proprietor,  Tartarus  his  subterranean 
domains  ;  its  fires  his  furnaces.  Demons  were  felons  condemned  '*  to  the 
mines,"  where,  naked  and  in  '*  chains,"  some  toiled  in  darkness,  and  were 
urged  to  unnatural  exertions  by  the  lashes  of  inexorable  overseers; 
others,  ghastly  from  inhaling  the  poisonous  fumes,  appeared  still  mort?  so 
in  the  glare  of  sulphurous  fires,  in  which  they  roasted  and  smelted  the 
ores.  Their  pimishment  was  endless,  their  sentence  irrevocable ;  they 
had  no  hopes  of  pardon  and  no  chance  of  escape.  Cerberus  freely  per- 
mitted all  to  enter  the  gate,  but  not  one  to  pass  out.  There  were  no 
periods  of  cessation  from  labor ;  their  fires  never  went  out ;  both  night 
and  day  the  smoke  of  their  torments  ascended ;  groans  never  ceased  to 
be  heai'd,  nor  the  rattling  of  chains  and  shrieks  of  despair.  Acheron, 
Cocyris  and  Styx  were  subterranean  streams,  each  possessing  some  pe 
culiar  feature  or  property,  while  near  Phlegethon  arose  a  stream  of  car- 
buretted  hydrogen,  a  phenomenon  not  uncommon  on  the  earth's  surface, 
but  often  occurring  in  mines.  Such  is  the  most  probable  exposition  of 
the  origin  of  Tartarus.  From  what  else,  indeed,  could  the  heathen 
have  derived  the  idea  at  epochs  anterior  to  Scnpture  descriptions  of 
hell,  and  before  prophets  or  apostles  flourished  ]  We  know  that  the  an- 
cients sent  their  worst  felons  to  the  mines,  and  that  these  places  pre- 
sented the  most  vivid  representations  of  severe  and  ceaseless  punishment 
which  the  earth  affords.  The  greater  part  of  the  convicts  ere  they  en- 
tered these  dreary  regions  took  their  last  look  of  the  sun.  With  shud- 
dering horror,  pale,  and  eyes  aghast,  they  viewed  their  lamentable  fate. 
Milton's  description  of  hell  was  literally  true  of  ancient  mines  and  sub- 
terranean smelting  furnaces. 

"  A  dungeon  horrible,  on  all  sides  aroand 
As  one  great  furnace  flam'd,  yet  from  those  flames 
No  light,  bat  rather  darkness  visible 
Serv'd  only  to  discover  sights  of  wo ; 
Regions  of  sorrow,  doleful  shades,  where  peace 
And  rest  can  never  dwell,  hope  never  comes 
That  comes  to  all ;  but  torture  without  end 
Stijl  urges,  and  a  fiery  deluge,  fed 
With  ever-burning  sulphur  unconsumed." 

Does  the  reader  think  the  picture  too  highly  colored  for  mortal  per 
dition  1  Why,  it  lacks  a  modern  trait,  one  more  revoking  than  th« 
ancients  ever  imagined.  Boys  and  girls  from  six  to  ten  years  and  up- 
wards, born  and  bred  in  coal-pits,  less  knowing  than  brutes,  and  incom- 
parably worse  cared  for,  are,  or  were  recently,  wholly  employed  in  drag- 
ging and  pushing  on  all  fours  and  perfectly  denuded,  laden  sledges 
through  dark,  broken,  wet  and  tortuous  passages  or  sewers  to  the  pit's 
mouth !  And  this  too  in  a  christian  and  enlightened  land,  where  no 
small  part  of  the  people's  earnings  are  consumed  by  an  opulenC  hie- 
rarchy !  Is  it  possible  for  hell  iiself  so  effectually  to  efface  God's 
image,  or  to  heap  such  accumulated  woes  on  infant  and  unoffending  vie* 
Hms  1  Pluto  and  his  myrmidons  would  have  quaked  with  paasi'on  at  the 
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Dare  proposal  of  such  a  scheme ;  yet  it  and  other  evils  scarcely  lese 
sickening  and  vile,  have  their  defenders  among  those  who  worship  th^ 
molochs  of  monarchy  and  mammon.  Heaven  help  the  oppressed  of  this 
earth — the  creators  but  not  partakers  of  its  wealth — who  industriously 
toil,  and  through  excessive  penury  prematurely  die — urged  to  produce 
a  maximum  amount  of  work  with  a  minimum  of  rest  and  food — who 
with  their  offspring  groan  in  hopeless  miseiy  here,  and  are  threatened 
with  endless  torments  in  another  life  if  they  remain  not  satisfied  **  in 
that  station  into  which,"  some  reverend  and  blaspheming  despots  say 
"  it  hath  pleased  God  to  call  them !" 

The  reason  why  sulphur  figured  so  largely  in  descriptions  of  Tar- 
tains  must  be  apparent  to  all  conversant  with  mining  and  metallurgical 
operations.  It  is  the  earth's  kiternal  fuel,  the  most  profuse  of  subterra- 
nean inflammable  substances.  It  pervades  most  mineral  bodies ;  and  not 
minerals  alone,  but  in  metalliferous  ores  it  wonderfully  abounds.  AH  the 
principal  ores  of  commerce  are  sulphurets;  iron,  silver,  copper,  tin, 
lead,  zinc,  &c.  Of  these  some  contain  15,  and  others  50  per  cent,  and 
upwards  of  sulphur,  to  get  rid  of  which  constitutes  the  chief  difficulty  in 
their  reduction.  In  order  to  this  they  are  **  roasted  "  at  a  low  red  heat 
for  six,  twelve,  twenty,  and  some  for  thirty  hours,  that  the  sulphur  may 
be  volatilized,  and  not  till  its  blue  flames  cease  is  the  signal  realized  to  in- 
crease the  heat  and  fuse  the  metal.  Thus,  for  every  ton  of  the  latter,  half 
a  ton,  and  oflen  a  whole  ton  of  the  former  has  to  be  driven  off  in  flames 
and  vapor ;  so  that  it  was  with  strict  propriety  said  that  Pluto's  fires 
were  fed  with  it.  Comparatively  speaking,  they  consisted  of  little 
else,  and  little  else  was  felt  or  seen.  It  impregnated  every  object,  while 
from  its  offensive  odor  and  suffocating  fumes  none  could  escape.  Im- 
mense quantities  of  common  brimstone  are  obtained  by  coUectmg  and 
condensing  the  vapora  that  ascend  from  smelting  furnaces ;  and  it  may 
have  been  this,  or  a  native  mass,  which  formed  the  throne  or  usual  seat 
of  the  lord  of  the  lower  regions.  As  long  as  the  eaith  endures,  volcanos 
burn,  and  minerals  are  reduced,  there  will  be,  as  in  PJuto's  time,  arti- 
ficial as  well  as  natural  fires  of  ever-burning  sulphur. 

There  are  passages  in  Maundeville's  Travels  corroborative  of  Carpini's 
images  and  PIiny*s  Griffins.  He  speaks  of  artists  in  northern  Asia  as 
wonder^illy  expert  in  automatical  contrivances — '*  fulle  of  cauteles  and 
sotyUe  disceytes**  making  **  bestes  and  bryddes,  that  songen  full  delecta- 
bely,  and  meveden  be  crafl,  that  it  semede  thei  weren  quyke."  In  his 
28  Cap.  he  describes  a  valley  rich  in  gold  and  silver,  (in  the  **  lordclftippe 
of  Prester  John,")  but  it  abounded  with  devils,  and  few  men  who  ventured 
there  for  treasure  returned.  This  was  the  story,  ancl  we  need  not  say 
how  like  a  primitive  artifice  to  scare  people  from  intruding.  "  And  in 
mydde  place  of  that  vale,  ufidir  a  rocket  is  an  hed  and  the  visage  of  a 
devyl  bodyliche,  fulle  horrible  and  dreadfulle  to  see,  and  it  schewethe 
not  but  the  hed  to  the  schuldres.  But  there  is  no  man  in  the  world  so 
hardy,  Cristene  man  ne  other,  but  that  he  wold  ben  a  drad  for  to  behold 
it ;  and  that  it  wolde  semen  him  to  dye  for  drede,  so  hideouse  is  it  for 
to  beholde.  For  he  beholdethe  every  man  so  scharpley,  with  dredfulle 
eyeii  that  ben  evere  more  movynge  and  sparklynge  as  fuyr,  and  chaung- 
othe  and  sterethe  so  oflen  in  dyverse  manere,  with  so  horrible  counte- 
uance,  that  no  man  dar  not  neighen  [approach]  towardes  him.  And  fro 
him  oomethe  smoke  and  stynk  and  fuyr,  and  so  much  abhomynacioun,  that 
cnethe  no  man  may  there  endure.'*  This  was  one  of  the  tricks  which 
the  CraTellor  could  not  tell,  whether  it  was  done  "  by  craft  or  by  negzO' 
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mancye."  From  automata  he  saw  in  the  country  belonging  to  Prestei 
John's  father-in-law,  [China]  he  was  led  to  conclude  that  artists  there 
surpassed  all  men  under  heaven  for  deceptive  inventions. 

That  devices  like  the  one  just  described,  or  similar  to  the  brazen 
horses  of  Regnerus,  were  in  vogue  in  the  East,  in  Maundeville's  time,  ap- 
pears from  Marco  Paulo,  who  mentions  magic  contrivances  for  darken- 
ing the  air  with  clouds  of  smoke,  &c.  in  use  by  the  military,  and  under 
cover  of  which  many  were  slain.  Marco  himself  was  once  in  danger  of 
his  life  on  such  an  occasion :  he  escaped,  but  several  of  his  associates 
were  cut  off. 


DRAGONS. 

Had  not  ideas  of  fire-spouting  nondescripts  been  exceedingly  ancient 
they  had  never  become  so  yitimately  and  universally  mixed  up  with 
human  affairs.  Throughout  the  old  world  the  dragon  was  the  ne  plus 
ultra  of  impersonations  of  the  horrible — the  king  of  monsters.  It  is  so 
DOW,  and  a  more  appalling  one,  or  one  invested  with  more  terrific  quali- 
ties cannot  be  devised.  So  deeply  was  its  image  impressed  on  ancient 
minds  that  it  pervaded  history,  song,  and  all  religions.  We  meet  with  it 
in  the  Scriptures  as  well  as  in  the  classics.  The  devil,  from  his  reputed 
connection  with  smoke  and  liquid  iire,  is  named  "  the  great  dragon."  la 
old  religious  processions,  and  in  the  '* mysteries*'  or  dramatic  represen- 
tations of  the  church,  Satan  was  symbolized  by  an  image  of  a  dragon 
spitting  fire.  The  author  of  the  apocalypse  seems  to  allude  to  mythic 
fire-breathing  images  in  the  following;  passage.  '*  If  any  man  will  hurt 
them,  fire  proceedeth  out  of  their  n?ouths  and  devoureth  their  enemies."  * 

The  universal  custom  of  exhibiting  figures  of  dragons  in  ecclesias- 
tical and  civic  pomps  was  a  mythic  relic — a  practice  continued  from 
times  when  captured  idols  and  warring  Eolipiles  were  led  in  triumph. 
Then,  objects  of  superstitious  dread,  they  now  amused  spectators :  at 
the  coronation  of  Anne  Bulleyn,  a  *'  foyste  '*  or  galley  preceded  the 
lord  mayor's  barge ;  *'  in  which  foyste  was  a  great  red  dragon,  continu- 
ally moving  and  casting  forth  wild  lire  :  and  round  about  the  said  foyste 
stood  terrible,  monstrous  and  wilde  men,  casting  fire  and  making  a.  hide- 
ous noise."  If  the  truth  could  be  known,  there  would  be  found  little  dif- 
ference between  this  modern  monster  and  some  of  its  ancient  namesakes. 

No  chimerical  being  was  ever  so  celebrated  as  the  dragon.  To  it 
temples  were  dedicated,  of  whid'.  some  remained  in  classical  eras.  The 
practice  is  continued  in  China.  Of  an  oJxial  dignitary  it  is  said,  ere  he 
entered  on  the  duties  of  his  office  (at  Canton,)  he  one  morning  paid  hia 
devotions  at  eight  temples,  of  Arhich  one  was  consecrated  to  the^god  of 
fire,  another  to  the  go  I  of  wind,  and  a  thir'l  to  the  dragon  or  dragon- 
king.  '*The  festival  of  the  dragon-boats"  is  another  relic  of  times  when 
these  artificial  monsters  were  in  veorue.  [Chinese  Rep.  iii.  95,  47.]  The 
legei.ixxi  of  China  and  Japan  teem  with  dragon  allegories  and  apologues. 
The  figure  is  an  imperial  emblem,  and  as  such  is  wrought  on  robes, 
painted  on  porcelain,  carved  on  dwellings,  ships,  furniture  and  other 


*  In  Scandinavian  and  ancient  British  history,  and  throughout  northern  Asia  and 
Europe,  the  dragon  was  the  universal  minister  of  vengeance.  It  was  eventually  made 
typical  of  all  destructive  agents— of  water  f<s  well  as  fire,  li  became  a  symbol  of  »h< 
deluge,  on  which  account  figures  of  it  pouring  water  from  the  mouth  were  adopted  ia 
ancient  fountains.  Some  of  these  have  been  noticed  in  this  volume.  May  not  8^ 
John  have  had  one  in  view  when  he  wrote  "  And  the  dragon  cast  out  of  hib  moath 
water  as  a  flood."    [Rev.  xii.  13-S7.] 
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v^orks  of  art.  No  people  retain  so  many  characteristics  of  times  when 
Eolipihc  monators  flourished.  They  act  on  the  same  principle  as  old 
warriors  did,  by  trying  to  frighten  their  enemies  with  warlike  scare- 
crows, with  pompous  orders — assuming  the  language  of  gods  and  ad- 
dressing other  people  as  devils,  dogs  and  reptiles.  Their  taste  for  the 
horrible  extends  to  civil  life;  things  pf  the  wildest  forms  which  imagi- 
nation can  furnish  or  nature  reveal  are  most  highly  prized. 

As  a  guardian  of  temples,  sacred  groves  and  ^-easures,  the  celebrity 
of  the  dragon  has  continued  to  present  times.  Enfo>*cing  a  principle  in 
ancient  ethics,  it  kepi  the  Ignorant  honest  by  frightening  them.  But  when 
it  lost  this  magic  power,  and  enchanted  chambers  could  no  longer  be 
relied  on,  eastern  monarchs  sought  out  natural  monsters  to  guard  theix 
precious  stones  and  living  jewels.  Deformed  negroes;  the  most  hideous 
of  nature's  abortions,  are  now  the  sentinels  of  eastern  treasuries  and 
serai^lios. 

Mythic  dragons  had  commonly  a  multiplicity  of  heads.  This  was  in 
keeping  with  their  design  and  with  the  taste  of  the  times.  Each  addi- 
tional member  adding  horror  to  their  appearance  and  furnishing  in  the 
mouth  and  eyes  additional  orifices  fur  the  issuing  flames;  like  fire-en- 
gines that  eject  several  streams.  The  device  is  very  analagous  to  others 
common  in  old  war-engines.  The  idea  was  adopted  by  the  author  of  the 
most  figurative  book  of  the  Scriptures.  He  speaks  of  '*  a  great  red  dra- 
gon with  seven  heads  and  ten  hmns."  The  figure  No.  288  it  will  be 
seen  has  one  horn.  Most  of  the  idols  of  the  Hindoos,  and  of  the  orientals 
generally,  have  numerous  heads,  and  some  have  horns.  By  dragons  in 
the  Bible,  ci'ocodiles,  or  large  serpents,  are  commonly  intended,  but 
chimerical  or  mythic  beings  are  obviously  intended  in  such  passages  ^as 
the  one  above  quoted. 

Another  characteristic  in  dragon  biography,  attributed  to  rather  mo- 
dern individuals,  was  an  und(mbted  trait  in  the  patriarchs  of  the  species. 
When  one  was  overcome  without  being  demolit^ied,  it  was  generally  led 
in  triumph,  in  the  manner  of  Theseus  showing  off  the  Marathoniau  bull 
in  the  streets  of  Athens — or  of  Saint  llomain  leading  with  his  stole  a 
fierce  dragon  to  the  market-place  at  Rouen — the  victor  receiving  the  con- 
gratulations of  his  countrymen  on  his  prowess,  and  the  prisoner  behav 
ing  the  while,  as  well  behaved  prisoners  should — i.  e.  silently  submit- 
ting to  the  wiU  of  the  captors.  Suppose  the  dragon  figured  at  No.  289, 
exhausted  of  its  contents,  (in  battle  it  would  often  require  fresh  charging,) 
its  movements  put  a  stop  to,  and  in  Uiat  condition  captured  ;  what  fol- 
lows, but  that  the  victors  put  one  end  of  a  rope  round  its  neck  and  tho 
other  in  their  hands ;  and  have  we  not  then  a  perfect  representation  of  a 
fiery  monster  becoming  harmless  as  a  lamb  and  tamely  submitting  to  be 
led  about,  as  ancient  chronicles  have  it,  *'  like  a  meke  beaste  and  de- 
bonayre." 

But  the  dragon  was  dedicated  to  Minerva ;  and  to  whom  else  could 
ii  have  been  so  appropnately  devoted  ]  One  might  almost  fancy  she 
mounted  this  popular  form  of  the  Eolipile  on  her  cap  as  a  compliment 
to  old  artists.  Ceitainly  if  the  patroness  of  the  useful  arts  had  now  to 
select  an  expressive  symbol  of  her  best  gif);  to  mortals,  she  would  adopt 
the  same  thing  in  its  modem  shape — a  miniature  engine  and  boiler. 
This  she  would  consider,  like  Worcester,  her  "  crowning"  device.  But 
it  is  perhaps  said,  the  ornament  on  her  crest  was  an  emblem  of  war. 
Well,  was  not  that  the  chief  use  to  which  Eolipilic  dragons  were  putt 
Then  was  she  not  so  familiar  with  artificial  lightning  and  thunder  as  to 
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nave  rivalled  her  father  in  hurlint^  them  at  will  on  her  foes.  She  took 
part  in  the  wars  of  the  giants,  and  destroyed  not  the  least  of  the  kindred 
of  Typhon  herself.  Another  circumstance  indicative  of  her  acquaintance 
with  Eolipilic  contrivances  is  the  fact,  (noticed  on  a  previous  page,)  of 
her  image  at  Troy  having  the  faculty  of  sending  flames  from  its  eyes. 

It  were  easy  thus  to  proceed  an  i  point  out  the  artificial  character  of 
most  of  the  imaginary  monsters  of  antiq  lity — to  render  in  a  high  degree 
probable,  that,  like  acknowledged  androidal  and  automatal  pix^ductions 
of  Vulcan,  Dasdulus,  Icarus,  Perillus,  and  other  artists  named  by  Pliny  in 
his  34th  Book,  they  were  originally  mechanical,  pyrotechnical  or  eolipilic 
images ;  sometimes  combining  two  or  more  and  occasionally  other  ele- 
ments in  their  functions  and  movements  ;  that  the  faculty  of  locomotion 
attributed  to  some  accorded  not  only  with  applications  of  modem  me- 
chanism, but  with  avowed  artificial  contrivances  of  ancient  artists,  and 
that  their  material  natures  were,  in  after  times,  construed  into  the  ideal, 
either  &om  ignorance  or  by  the  imagination  of  poets — but  this  is  unne- 
cessary. Enough  has  been  said  to  induce  the  reader  to  pursue  the  sub- 
ject, or  to  reject  the  hypothesis  as  untenable.  The  antiquity  of  Eolipiles 
is  unquestionable.  Their  origin  is  lost  in  remote  time.  We  know  they 
were  made  in  fantastic  and  frightful  forms,  were  used  as  idols,  designed 
to  spout  fluids  and  eject  fire — the  very  attributes  ascribed  to  mythic 
monsters.  Is  it  unreasonable  then  to  suppose  the  latter  had  no  existence 
except  as  Eolipiles  1  But  if  it  be  contended  they  were  wholly  figurative, 
from  what  were  the  conceptions  derived,  if  Eolipiles  were  not  the  things 
they  symbolized  ;  and  how  account  for  coincidences  which  nothing  else 
in  nature  or  in  art  can  produce?  One  observation  more,  and  we 
conclude  : — 

Early  applications  of  Eolipiles  and  their  present  employment  as  steam 
boilers,  suggest  some  interesting  analogies.  Emblems  of  half  civilized 
times  and  races,  they  connect  the  remote  past  with  the  present.  Ordain- 
ed as  it  were  to  move  in  a/lvance  of  the  arts  and  astonish  mankind,  they 
have  lost  none  of  their  virtue.  If  their  ancient  vagaries  shook  commu- 
nities with  alarm,  their  current  deeds  are  eliciting  the  world's  admira- 
tion. They  furnished  tradition  with  marvellous  stories,  and  modern  his- 
tory is  engaged  in  recording  their  wonders.  They  supplied  materials  for 
the  earliest  and  worst  chapters  in  the  earth's  annals ;  to  them  and  their 
eflects  will  be  devoted  some  of  the  latest  and  best.  Formerly  they  feebly 
personated  Gods  ;  now,  the  sole  animators  of  our  grand  motive  engines, 
they  annihilate  time  and  space  by  their  movements  and  laugh  at  all  phy- 
Bical  resistance.  Children  watch  their  operations  with  ecstacy  and  old 
men  hardly  believe  what  they  see.  Once  an  instrument  of  the  worst 
of  tyrannies,  the  Eolipile  is  becoming  the  most  effectual  agent  in  the  ex- 
tinction of  tyrants.  Instead  of  acting,  as  of  yore,  on  human  fears ;  debasing 
the  mind  and  furthering  the  views  of  oppressors,  it  captivates  the  judg- 
ment of  the  wisest,  elevates  nations  in  morals,  and  confers  on  them 
wealth  and  extended  domain.  The  gem  of  old  miracle-mongers,  it  is  the 
staple  device  of  living  magicians,  for  its  present  improvers  and  users  are 
the  genuine  representatives  of  Fharaonic  Savans  and  my^thologic  Magi. 

K««  York,  July,  1845. 
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Adventures  of  a  bottle,  478 
illRchylus,  singular  death  of,  363 
Agricola,  quoted,  69,  72,  117,  126,  131,  219, 

240,  278,  313 
Agriculture,  79^  118.    Implements  of,  12, 132 
Air,  its  properties,  176— 186.    Ancient  expe- 

rimeniM  on,  192.   Rarefaction  by  heat,  374 — 
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Air-barompter  188,373 
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Alhertus,  104 
Alchemists.  395,  407,408 
Alcithre^  taken  off  by  priests,  385 
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Aleppo,  wuter*wheels  at,  115     */ 
Alexandria,  library  at,  4X).    Wells  at,  54.  55 
Alfrednhe  Great,  meabured  time  by  candles, 

350 
Algerines,  their  superstitions,  36 
Altars,  107.    Tricks  at,  383—385 
Alum,  u»ed  to  make  wood  incombustible,  304 
America,  ancient  arts  in,  159 — 172 
-/American  unter-wnsks.   298 — 301.    Fire-en- 
^      gines,  339—3^18.    Wells  ^>  160,  164, 298 
Amontnns,  his  fire-mill,  463 
Androids  and  automata,  104,  183^  294, 534, 
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Anecdotes,  of  Mahomet,  10.  Dentatus,  19. 
Darius,  22.  Egyptian  priests,  22.  Two 
eleohants,  39.  A*  boy  and  gonse  39.  Alex- 
ander, 39.  A  calinll,  42.  Cleanthes,  5f . 
An  ass,  74.  An  I ml'iaii  Cacique,  107.  Ctesi- 
bins  121,122.  Valentin ian,  196.  A  raven, 
203  A  Spanish  pump-maker,  224.  A 
Ba^Im.  316.  A  Dutch  Biirglier,  366.  Lord 
Bacon.  373.  .Marquis  of  Worcester,  392. 
Zeiio,  393.  Cromwell,  442.  Saver}',  454. 
Phocion,  537,  565.  Oxen,  573 
Avgelo,  M.  534 
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ibid.  Buckets,  67.  Mirrois,  121.  ?w»pc, 
99.    Windlass,  72.    Steam  idols,  398 
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573.  Devices  of,  366.  Their  pnysiolcgj 
illustrated,  180, 181,  209,  210,256— 258 

Anthemius  and  Zeno,  393 

Antipater,  282 

Antlta  of  the  Greeks,  213 

Anvil,  blacksmith's,  12, 43, 24  .  x-*l 

Aquarius,  85 

Arabs,  41 

Arago,  145,411,433 

Archimedes,  141,  36ii,  438 

Archytas,  7, 268 

Ar^and's  siphon,  526 

Arkwright,  359 

Arts,  useful,  their  origin,  &c.  2,  6.  II,  12, 21, 
83.232,282 

Artificial  hands  and  feot.4 

Aiabalipa,  169 

Astronomy,  Sc 
;/Aqueduct8,  165- -169. 212 

Auto  da  Fe.  351 

Awls,  87,489 

Atmosphere,  its  propel  tic«  176 — 189.  Dis- 
covery of  its  pressure.  187,  425,  426.  Its 
pressure  diminished  (luring  storms,  481. 
by  currents  of  air,  4iS2-8.  By  currents  of 
steam,  4S9— 496.  By  currents  of  water, 
479 

Atmospheric  pomps,  173,  175,  187—191,206 

sprinkling  pots,  194,  195,  567, 
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Babylon,  79.    Hydraulic  eneine  at,  133,  303 
Bacchus,  tricks  at  his  tempies,  200,  385 
Bacon,  Roger,  403 

ford,  416-17,  550 

Balls  supported  on  jets  of  air,  steam,  and 

water,  270,  39.5 
Barbers,  121, 162.    See  preface. 
Barometer,  190,  375,  481 
Basket,  sunnging,  for  raising  water.  85,86 
Bate,  John,  321 ,  375, 421 ,  56.5,  .568, 569 
Baths,  120,  147,  169,  393,  532.  558 
Bears  employed  in  tread-wheels,  74 
Beer,  87 
Bees,  257, 276 

Beds,  air  and  water.  177, 178.    Bedcloths,  179 
Bedsteads,  87, 178,  brazen  feet.    Set  pr^Jwu 
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Bel  and  the  Dragon,  519 

Hollona,  308 

Bells  used  as  fire-engines,  313, 314.    Bellmen, 

315 
Bellows,  87, 90,  177,  180,  230—243, 261 ,  268, 

483.    Origin  of  the  word,  570.     Vulcan's 

233,  240,  268,  568.    African,  235.  246, 252. 

AMaiic,  236.    Kgyptian,  237,238.    M>id&- 

fnscar,  246, 252.  Lantern,  240, 24 1.  Rotary, 
52,255 
■  piston,    244 — 252.      Philosophical, 

396,  397,  569,  670 

pumps,  205,  210,  235, 241,  249,568 
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Belt,  hvdraulic,  137 
Belzonf,  124 
Berenice's  hair,  143 

Besson's  Theatre,  qooted,  69,  114,  126,  152, 
.     218,280,317.410 
\J  Bethlehem,  well  at,  48 

Bible  quoted  or  illustrated,  2,  10,  11,  19,  22, 

24,26,30,31,33,35,38.40,44,51,52,^^87, 

90,95,  117,  132, 105, 1^,  2b3, 291, 303, 366, 

391,  393,  400,  476,  517, 536,  560,  565,  571 
l/Birmah,  raising  water  in,  73 
Blacksmiths,  Adam  one,  12.    Vulcan,   240. 

Grecian .  24! .    ^€«  prefact. 
Blakey,  462 

Blood,  circu  la  lion  of,  132;257 
Blow-pi)>es,  19,  234,  569.    Eolipilic,  569 
Blowing  tubes,  Ewbank's.  484 — 196 

>^  siphons,  Ewbank's,  527,  528 

Boa  Constrictor,  180 

Boats,  steam  and  others,  258,  403, 419,  423, 

438 
Boilers,  ..f  woo  J  and  of  granite ,  470.    Heated 

by  the  sun,  471 
ancient,  392, 393, 522.  Of  coiled  tubes, 

394 
Branca,  418 
Buckets,  32,52,  54,  63,  73,  83,  167, 171,  302, 

314,  315,  340,  341.   War  caused  by  one,  67, 

Anctei.:  metallic  ones,  230 
Bucket  engines,  64 — 66,  128.    Ancient,  573 
BurckUardt  at  Petra,  42.    At  liamath,  116 

C 

Calabash,  14, 16 
Cavibyses,  37? 
amera  Obscura,  379,  403, 430 


andles,  time  measured  hSj  350 
Canne  hydraulique,  372,  ^3 
Canopus^  origin  of  these  vessels,  23 
Capillary  attraction,  510,  513 
Cardan,  396, 407,  410 
Carpenter's  tooNand  woric,  87 
Carthagenian  well8,27,  38 
Cast  iron,  1^^,  553 
Cato  the  Censor,  536 
Cauldrons,  19—21,  120,  162,  171,  237,  238, 

391,394 
Caus.    See  Decaus. 
Cawley,-464,  468 
Cecil's  motive  engine,  473 
Cement,  58 

Centrifugal  pumps,  239,  230, 290, 291 
Chains,  ffolden,  162.    Watch,  323 
Chain  ofpots  machine,  122—132 
Chain-pumps,  14S— 158,  667.    In  ships,  154 — 

157,667 
Chain  and  sector,  467 
Chairs,  imprisoning,  29,  573.    Cane,  323 
Chemists'  siphons,  o26 
Chemnitz  pressure  engine,  362 
Child's  rattle,  inventor  of,  268 
''Chili,  nqueductK  in,  165 
Chimneys    increasing  the  draft  of,  395,  482, 

483.488 


Chinese  tinker,  20, 248.  Juggler,  19d.  Wells 
28,  30. 35,  83.  Proverbs,  30,  31.  Printing. 
Wbdiass,  «ic.  69,  70.  Irrigation,  82,  b3 
86.»^*oria,  I12../Chain  pump,  150.  Ships 
158.  Bellows,  248.  Digesters,  393.  Clocks 
545 

Chisels  of  gold,  and  faced  with  iron,  5 

Chuck,  eccentric^  285 

Churches,  fountains  in,  recommended,  540 

Circulation  of  the  blood,  132  2j7 

Cisterns,  48,  58,  169,  170, 557 
vOstern  pole,  57 

Cleauthes,  .66 

Cl5psydr.T.  95,  642—7 

Clocks  ami  watches,  122,  285,323.  Substt. 
tutes  for,  350 

Clysters,'260 

Coach  with  portable  kitchen,  445 

Cop.Upits,  raising  water  from,  by  fire,  419 

Cocks,  of  gold,  silver,  Ace.  HO,  boS^  560 
Three  and  four  way,  354,  a55, 42 i ,  433, 449 
462,  523.  Ancient,  394,  557,  559.  Guage 
459.    Siphon,  527.    Sliding,  561 

Cotfins  of  iron  and  lead,  551 

Cog-wheels,  71,  72,  114,  121.  Engiue  fof 
cutting  teeth,  323 

Cohesion  of  liquids,  613,  615 

Coining,  Roman  mode  of,  6 

Combs,  87.    See  preface. 

Condensation  of  steam  by  injection  discoveied 
by  chance,  466 

Conon,  143 
f^nstantinople,  water-works  at,  43,  663.   Au 
cient  baths  at,  552.    Fire-engines  at,  316 

Constellations,  143 

Cooking  bv  steam,  471 

Cord  and  bucket  for  raising  water,  53 — 56 

Cornucopia,  1 19,  120 

Coriez,  169—163 

Coryatt,  78 

Cotton  gin,  359 

Couplinff  screws,  326,  459 

Couvre  feu,  350 

Crassus,  bad  practice  of  his,  311 

Crates,  saying  of  his  about  war,  309 

Creusa,  363 

Crucibles,  Egyptian,  87,  234 

Crusaders,  32,  372 

Cnpelo  furnaces,  397 

Cupping,  202,  203 

Curfew  bell.  350 

Ctesibius,  Vzi,  122,  192,213,259,  26&-270 
547 

D 

Daedalus,  inventions  ascribed  to  him,  268 

Damasking  linen,  323 

Danaus,  carried  pumps  to  Greece,  ISO 

Darius,  anecdote  of.  22 

Decaus,  319,  380,  410—13,  529,  533 

Delphic  oracle,  241,  392 

Democritus,  saying  of  his,  57 

Demons,  superstitions  respecting,  31 3,482, 6i3 

Demosthenes,  his  father  a  cutler,  6 

De  Moura's  steam-engine,  463 

Dentatus,  nneodote  of,  19 

Desaguliers,  his  bucket-engines,  63,  66.  Ke 
marks  on  Savery,460.    Steam-t^igine,  461 

Dials  542 

Dii^esters.  392,  393,  446,  447 

Discoveries  in  the  arts,  way  to  make.  350 

Diogenes,  buried  heels  up,  '36 

Disiaff  and  spindle,  283 

Distilling,  381,393,  4<>7 

Divination,  bv  waier,  84,  36.  With  cups,  300, 
201.   With'fire,3S3,57l.    Steam  ^398,  399 

Diving  ships  and  apparatus,  430,  431 
^ogs  m  tread  wheels,  74,  75 
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Dolls,  87,  S68  F 

Doors  and  gatps,  self-movitig,  3S4,  555, 556  Faye's  La,  improved  tympanum,  111 

D  >ve-tailing,  87,  268  Feast  of  Cana.  siphons  used  ai,  btl 

Dowry  of  Scipio's  daughter,  121  tf  emales,  employment  of  aucient,  283 

Drawmg  water,  imposed  as  a  puuisUmeut,  84,  Fetters,  Lacedemonians  bound  with  their  owHj 

131,  o33  84.    Found  on  skeletons  in  Pompeii.  29 

Drebble,  C.  18S,  323,  3S1.  430  Fire,  modes  of  obtaining  it,  197.   Sacred,  196 

^/Drinking  vessels,  4,  11,  14— >6,  162, 195,  205,  197.    Supersliti^ns    rej'pccting,    312—314 

620 — ^2  Protecting  buildings  from,  304,  o49.    Greek 

Dropsof  liquid,  511  fire,  307.    Laws  respectmg,  351.     Raising 

.Dropping  tubes,  199  water  by,  374—384,  41S,  419,   431,   442, 

Dunstan,  St.  104,  105.    Adroit  trick  of  his,  Kindling  on  altars,  383,  384 

107  Fire-c»ciipcs,  36J 

Dutch  scoop,  93.    Fire-engines  and  hose,  328,  Fire-engiues,  302*  S49,  SIB 

329.    Inventions.    S«epr</bre.  Firemen,  Roman,  309.    American,  340— 346 

Dwellings,  heated  bv  steam,  471.    Fountains  Fire-places,  463 

iu,  recommended ,'36 1,540  Fish,  fishing^  86,87,  185.    NcU,  550.    Salt 

\ni  fish,  8b 

E  Fitch,  John,  424 

Gar-trumpets,  379,573  Flatterers,  among  men  ot  sci«nce,  143,  145 

Kcclesiastes,  a  fine  passage  in,  illustrated.  Flies,  curioi»s  meclianii$ni  of,  182,  183 

132  Flyini;,  103,  104,  324,430 

Ecclesiastics,  devices  %}C,  103—108,  383—387,  Fly-wheels,  278, 283 

392,  398—400  Floats  fur  steam-boilers,  471 

Eddyslniie  light-house^  258,  366,  367  Fludd,  Robert,  65,  194,  219,  354, 407 

Kgypt,  labor  of,  what  it  was,  86                       >  Forcing  pumps,  262 

x^^gyptian  wells,  26—28.     Customs,  34,  7S,  Forks  derived  from  China,  70.    Their  UM  II 

81,83,87.    Noritt,  113.    Shadoo.^,  94,  95.  Europe,  76— 78 

Mental^  85.  Chninof  pots,  123, 131.   Screw,  Fortification,  a  moveable  one, 430 

142.    Siphons.  516.    Clepsydrte,  544,  547.  Fortune,  wheel  of,  119 

Goldsmiths.  234.    Fire-engine,  307  Fountains,  27, 33,  34,  '35,  41 ,  43,  49,  1 19,  163, 

Emblematic  devices,  32,  194,  203,  261,  314,  170.    Artificial.  30,  361,  379,  445,  532—541 

557  Fountain  lamps,  kv.  193 

End  osmosis,  510  Forcing  pumps,  262 — 2h\ 

Engines  of  motion,  419^  423  N^^rancini's  bucket  macliine,    128 

Engines  to  eztingiiiKh  fires,  of  great  antiquity,  Francois'  steam  machme,  463 

303.    Employed  in  aucient  wars,  303,  305.  French    inventions.     Ste  pre/an.     Water' 

Referred  to  by  Anollodorus,  235, 304.    Des-  works,  277,  296— 298.    Fire-engines,  317 

cribcd  and  figured  bv  Heron,  305.    Portable  324—331,  336 

engines,  3:i.    Svringeenifine,  315.317,321.  Frictionless  pumps,  208,  209,  321,  274,  568. 

German,  3. S,  31*9,  324,  331.    English,  320,  Setbellov^  pumja. 

321,  322,  332—335,  568.    French,  324,  325,  Fross,  climb  by  atmospheric  pressure,  183 

327,329,336.    Dutch,  328,331.    .\merican.  Fuel,  in  steam  idols,  400.    Lord  Bacon  CB, 

339,  344,  345.     Rotnry,  285,  573.    Steam  417 

fire-en  jines,  338,  346—349  Fulton,  Robert,  359,  464 

Englisii,  inventions  of,  323.      See  preface.  Fusee,  71.    Fusee  windlass,  69 — 71 

Water-works.  294 — 296    Fire-engines,  320,  Future  happiness,  erroneous  views  of,  508 

332—335.     Steam-engines,  420,  437,  455, 

465  G 

Eolian  harp,  104  Gaining  and  losing  buckets,64 — 66,  128 

r.olipiles,  an  emblematic  device,  261.    From  Galileo,  104,  187,  188 

Heron'h  SpHritalia,'394.    For  blowinff  fires,  Game$i,  ancient,  8! 

39o — 400,  573.     Increasing  draft  of  chim-  Garcilasso,  167,  170,  .509 

neys,  395,  401.    Difl*using  perfumes,  401.  Gardens,  l-^gmicn,  101.     Babyloman,    ]S4i 

Producing  music,  401.    Fusing  metals,  397,  Mexican,  lo3,  537.     Peruvian,  H*.     Ro- 

*       569,  570.    In  the  human  form,  398,  399.  man,  53d.    Italian,  537.    PerMaii,  539,  579 

Used  in  war,  400.    Charging,  395, 407,  570  Floating,  539 

Eohpilic  idoN,  398, '100,  670  Garden  waierini^  pots,  194,  195,  567,  5791 

Eoius,  god  of  wmdb,  4()0  Gardeu  syringes,  261 

Epbesus  fountains  at,  49  Gates  and  doors,  closed  by  machinery,  556 

Epimms,  ancif  nt,  2h2,  537  Gauls,  36.    Induced  to  invade  Rome  by  ihi 

Erckeis,  blowing  eolipiles  (rom,  307,  570  report  of  a  smith,  19 

Evans  Onver,  ^4  Geese,  in  tread  wheels,  75 

Evaporation  of  water  from  the  earth,  506  Genevieve,  St.  37 

Ewbank's  experiments  on  raising  water,  225.  Gensanne's  engine,  463 

Mode  of  propelling  vessels,  406.     filowing  Gerbert,  104.  401 

tubes,  484 — 496.    Spouting    tubes,    497 —  German  snail.  138.    Bellowf^  pump,  207.   Fire^ 

604.    Mode  of  evaporating  liquids  in  vacuo,  engines.  319, 32^ — 326.   German  inventions 

495.    Experiments  on  the  force  of  sap,  509.  See  pre/ace. 

Increa«'ing  the  draft  of  chimneys^  488.   Yen-  Gesiier,  361 

ilitini^^hips  and  mines,  488.    Siiihons,  527,  Geysers,  41 1 ,  507 

528.    Sinhon  cocks,  527.     Tubular  valve.  Glass,  painting  on,  4.    F.ngine  for  working 

5.\6.  Sliding  c<>^'^.o60, 561.  Tinned  leaden  323.    Mirrors,  121.    Gloss  tomb  of  Belwi. 

pioes,  555  200 

EzpiosioD  of  boilers.  392  Gla^^s  tubes,  curiouK  motion  of,  429 

Explosive  motive  eu^aes,  441,  450, 471—473  Glazier's  vise,  antiquity  of,  564 
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Glauber,  device  of  his,  440.     Safctv  valves  Hour-glassos,  54o,  547                               * 

used  by  him,  451.    Wooden  boilers,  470  Hose  pipes,  30  (,  32&~328,  »I5 

Glue,  ancient,  b7,  House  warming,  37 

Gnat,  the,  a  boat  builder,  258  Hudibras,  265 

Goats  employed  in  tread  wheels,  152.  Battles  Hurricanes,  commence  at  the  leeward,  461 

between,  366  Huy^hens,  441 

Goblets  for  unwelcome  guests,  521.  Magical,  Hydraulic  belt,  137 

520  Hydraulic  ram.  367—372 

Gold-beating,  87  Hydraulic  machines,  ancient,  7,  10,  81,  131 

Golden  leeend,  extract  from,  313, 314  132 — 135,  267.    Used  as  first  movers  of  ma 

Goose-neck  joint,  307,  322,  327,  ol^.    Substi-  chmery,  128,  140,  158 

tute  for,  324 — 326  Hydrostaiic  press,  276 
Gosset's  frictionless  pump,  208 

Goths  employed  bears  in  tre^d  wheol     74  T 

Gravity,  suspension  of  objects  agaii.s^,  lA:*.  «.1o.f«,  &<.,  106 — 108.   Eolipi]ic,39S,399,570— 

Greece,  wells  in,  27,  36.    Antiquities  found  572 

in  them,  50.    Water  raised  from  them  by  Impostjires,  23,    106—108,   376—378.     Set 

the  swape,  96  j^^gg^if^S- 

Greeks,  268  Imprisonmg  chairs,  429,  573 
Green-houses  heated  by  steam,  471                ^/Incas  of  Peru.    Aquedi^cts  erected  by  them 

Guage  cocks,  459                                            r  166—168 

Guage,  mercurial,  451  Incendiaries,  308,  350.    Punishment  of,  351 

Guemcke,  Otto,  181 ,  190,  426  India  ink,  70 

Gulf  stream,  477,  47S  Indians,  American,  50,  107,  ISO 

Guns,  repealing,  430.    Air,  181,  192,  270, 379,  Inertia,  373,  508 

573.    Steam,  395,  423,  573  Intermitting  springs,  506 

Gunpowder,    143,   383.     Known    to    Roger  Inventions,  how  realized.  359.    Few  record 

Bacon,  403.    Engines  moved  by,  441,  44H),  ed,  416.    Cause  of  this,  427.    Advantages 

472  of  recording  them,  453.    Century  of,  64, 

Gutters,  for  raising  water,  88,  91,92.    Spouis  140,  362,  42i»— 438 

of,  onuimented,  119  Inventors,  old,  concealed  their  discoveries, 

and  why,  427.    Caricatured,  439 

H  Iodine,  discovery  fW,  414 

Hair,  coloring  it  practised  of  old,  120.    Ber^-  Iron  ciiiildrons  Koldered,  20.    Iron  statues, 

nice's  hair,  143.    Pulling  up  trees  by  one  of  142.    Planins  iron,  2S3 

Sampson^s  hairs,  418  Iron  first  cast  m  RnKland,  553 

HamaHi,  water-works  at,  115,  116  Irrigation,  28,  79,  80,  83,  84,  95,  118,  119, 

Hammer,  its  origin  and  history,  5,  6  126,  131,  132,  163.    Aquarius,  an  emblem 

Hand,  used  as  a  cup,  11,  40,  52.    Artificial  of,  119 

hand.  4  Italian  mode  of  raising  water  to  upper  floors 

Haskin^  quicksilver  pump,  274  2r.?  63.    Fountains,  534, 537 
Hautefille,  441 

Heart,  the,  a  pump,  258  J 

Hegisostratus,  wooden  foot  of,  4  Jack,  old  name  of  a  man-servant,  75.  Smoke- 

Helepoles,  304  jack,  ibid. 

Heliopolis.  fountain  at,  43,  49  Jack  of  Hilton,  a  Saxnn  eolipile,  398 

Ifeliogabahis,  177, 561  Jaclcs  of  the  clock,  543 

Heraldic  devices,  261 ,  314,  396  Jacob's  well,  38,  42,  44 

Herculaneum,  wells  at,  28,  29,55.    Foontains  Jaculator  fish,  257 

at,  534  Jantu,  89.    Alluded  to  by  Moses,  90 

Here  ward,  the  Saxon.  36  Japanese  water- works,  125, 557.    Clocks,  543 

Herodotus,  quoted,  4,  11    12,  20,  22,  27,  68,  Jelioahaz,  portrait  of  at  Thebes,  116 

79,  80,  81 ,  84,  96,  133,  241,  260  Jets  d'eau,  163.  532—641 

Heroes,  old  mechanics  the  true,  5  Jeweled  holes  tor  pivots  of  watches,  122,547 

Heron,  65.    His  fountain,  361.  Air-machines,  ^^ews,  their  wells,  25,  33,  34.   Watering  land , 

37.<j.     Account  of  his  Spiritalia,  385,  386.  86.    Their  arts,  133 

Eoiipilcs  from,  394  \4oseph'8  well.  38 .  45—47.    Divining  cup,  200 

Hieroglyphics,  American,  164  Joseuhns,  <inoted,  38, 40,  54 

Hindoos,  thejrmode  of  drimcins?,  11.    Wells,  Jugglini^.  jugglers,  magicians,  &c.  23, 106— 

30,  33,  35,  38,  52.    Carrying  water,  84.  108,  198— ^1,376— 385,  519,  .52J— 623 

Picotah,  97.    SwintfingbnAket,  85.    Jantu,  Juvenal,  quoted,  1^43,  121,  310,  311,  312, 

89,90.    Syringes,  260,  261.  Water-clocks,  377.    Banished,  48 

544 

Hire  La,  his  double  acting  pump,  271  K 

Holy  water,  derived  from  the  heathen,  166,  Kircher,  on  the  speaking  statue  of  Memnou. 

I96,  ?il6.     Ancient  vase  '..«!-  selling  it,  387.  37J.    Bellows-pump  from,  243.    Turned  » 

I).spd  in  consecrating  bells,  313,   ;*.4,  and  spit  by  an  eolipile,   396.      His  mode  oi 

various  other  articles,  196  raising  water  by  stpam,  422 

Homer,  Quoted,  19,  21 ,  22,  33, 233,  240,  250,  Kitchens,  75.    Rgvptian,  237, 238, 517 

536.    l^cpt  a  school  at  Scio,  131  Kites,  boys',  422 

Honors,  tjtles  of,  absurd  origin  of  some,  144,  Knives  of  gold  and  edged  with  iron,  5.    Tjf% 

145,  44i>,  446  able  knives,  205 

hookah,  270  Koran,  quoted,  10, 64, 117 
Hooke,  Dr.  441 

Horn  of  abiindjAce,  1 19, 120  L 

Horn,  drinking  saving  rcspoctljg  it.  explain-  Laban's  images,  671 

•d  205              -  --»      ^  Ladders,  pcrtabki  %0  4SI 


INDEX. 


605 


Ltxes  M<Bris  and  MareotiS}  80 

Uraps,  342.243,421 

Lantern  belljws,  237—240.    Pump,  241,  242 

Lares.    See  Idols, 

Lateral  communication  of  motion,  475—480 

Laver  of  brass,  657 

Law,  a  bar  to  the  progreM  of  the  arts,  427 

Lead,  pi^s  of:  leaden  roofs,  coffins,  rolled 
lead,  pij)es,  &c.  163,  211,  5o0— 664 

Leaden  pipes  tinned,  656 

Leather  pipes,  304,  326 

Lenses,  concave  and  convex,  380,  ?81 

Leopold's  Fire-engines,  ^9— 33i.  Steam- 
engines.  462,  46!) 

Leyel,  268 

Library,  in  an  angicnt  ship,  147.  Alexandrian, 
destroyed,  415 

Lioi.s'  heads  on  cocks,  gutters.  &c.  119, 557 

Liqaor  tasters.  195,  199 

Llama  of  Peru,  267 

Load  stone  for  suspending  an  iron  statue,  &c, 
142 

Lobster's  tai?,  mechanism  of,  258 

Locomotive  carriaees.  403,  423^  424,  473. 
Increasing  draft  of  chimneys  of,  397,  488 

London  water- works.  294—296,  321,434,  5^ 

Looking-glasses.  121' 

Lucan,  quoted,  108,  125, 540 

Lustral  vase  and  water.  387 

M 

Macaroni,  kneading.  91 

Machines,  worked  by  the  feet,  90, 237—239. 
War  machines.  30o 

Machines  of  Ctesibius,  122, 192, 213, 269,266— 
270,  647 

Mada8:ascar,  bellows  of,  246,  259 

Magic  goblets,  618,  620 

Masnet,  ancient  one,  142 

Mahomedens,  traditions  and  customs  of,  12, 
35,  36* 

Mahomet,  10.  54.    His  coffin,  142 

Man,  his  body  a  living  pump,  267.  His  past 
and  future  condition,  388—390,  608 

Manco  Capac,  168.  172 

Mangle,  Chinese.  90 

Manuscripts,  108 

Meriner's  compass,  143 

Marli,  water-works  at.  296— 298 

Mars,  represented,  30o 

Martial,  quoted,  621 

Mastodnn,  tradition  of,  165.  No  extinct  ani- 
mals of  the  ox  kind  thirty  feet  high,  210 

Mathes\!is,  410 

Mechanic  ix)  wers,  origin  of  some,  1.  Imple- 
ments, 5, 6 

Mechanics,  ancient,  little  known  of  them, 
3.4.  Ar.  account  of  their  works  and  work- 
snops  would  have  been  invaluable.  4.  The 
true  heroes  of  old,  4,  5.  Formerly  seated 
when  at  work,  139,  240.  Advantages  of 
Btudyint,'  the  mechanism  of  animals,  25|3. 
Old  priests  first-rate  mechanics,  104,  401, 
441 

Mechanism,  revolving,  282 — ^284 

Medea,  inventressof  warm  and  vapor  baths, 
'20 

Medicines,  quack,  120 

Mcmnon,  statue  of,  377, 401 

MercuriaV^uige  and  safety  valves,  451 

Metals,  hammered  into  plates,  2,  283,  561. 
Drawn  into  wire,  2.  And  into  pipes,  554. 
Ancient  works  in,  6, 87, 162, 171,  o67.    See 

Ml  taihc  mirrors,  121 
^/Mexicans,  34,  169— IGS 
KiUs,  2t^a.  419,  aZ9 


Mines,  ventilation   of,  488     Raising  watef 

from.   See  Agricola,  Ramteye^Savery^NtVJ 

eomenf  Worcester. 
Mirrors.  87,  121,  172 
Moclach,  a  vizier.  55 

Momentum,  8b3, 366, 367,  G73.   A nimals  have 
/a  knowledge  of  it,  366 
v^onks,  their  ingenuity  and  professions,  104-^ 

108,386 
Monptgolfier's  ram,  369—372 
Moon,  Wilkin's  project  to  reach  it,  103 
Moreland,  Samuel,  nis  pump  and  spcak'ng- 

trumpet,  273.    Steam-engine,  441—446 
Morey's  motive  engine,  473 
Motion,  transmitted  by  air.  448.     Rotary, 

282—284 
Motive  eng!ncs,  423,  472—474 
Mouth,  various  operations  of,  CH 
Musical  machines,  17,  361.    Ses  EolipiieM 

Memnon. 
Mythology,  Egyptian,  82—86.   Peruvian,  167 

N 
Naamah,  the  supposed  inventress  of  spinning, 

283 
Nabis,  his  cruelty,  573 
National  vauniings,  402 
Natural  pump^:  and  devices  for  raising  liquids 

209,  210,  260—268,  606—613 
Neptune^  607 
Nero,  his  golden  house,  539.    Water-el jck, 

549 
Nets,  fishing,  86,  87 
New-Amsterdam,  wells  in   299.    Fires  and 

fire-wardens  in,  339,  340  • 

New- York,  minutes  of  common  council,  299 

300.    Old  treasury  note,  300.   Fire-engines, 

541—345 
Newcomen  and   Cawley's  engine,  296,  464 

—468 
Niagara  falls,  currents  of  air  at,  476 
Nineveh,  well  at,  26,  36 
jNoria,  Chinese,  112.  E^^yptian,  113.  Spanish, 

114.    Roman,  113.    Syria..   116.   Mexican, 

163 
Nuremburs,  in  the  I6th  century,  C24    Cnriooii 

report  of  Engineers,  556 

0 

Omar,  logic  of,  415 

Oracle  at  Delphi,  prediction  of,  2^1 

Organs,  547—660 

Organ-makers,  priests,  401 

OscjMation  of  liuuids,  497 

Osiris,  82.    Made  his  owt:  plough,  83,  132 

Ovid, quoted,  11,  13, 62,  76^20 

Oysters,  swallowing,  181 .  Their  movements, 
267 

P 

Paddle-wheels,  454  Their  antiquity,  406 
Substitutes  (br,  291,  40tf 

Palladium  of  Troy,  12,671 

Panama  chains,  162 

Paper,  Chinese  mill,  90L  Made  by  steam, 
^8.  Experiments  with  a  sheet  of,  4S3. 
Marbling,  323 

Papin,  1.  His  air-gun,  ISl.  Driven  from 
France  by  religious  persecution,  446.  Hit 
digesters,  447.  Safety  valve,  447,451.  Air- 
machine,  447—460.  Expiry  ^  e  engine,  450 
Steam  machines.  450—452 

Parabolic  jambs  ot  fire-places,  483 

Paris,  water- works  of,  2^6-298.  Fire-engioet 
327—331,336 

Pascal^  his  experiments  on  atmospheric  pre* 
sure,  189 

Patents  and  patentees,  old,  439 
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Paving  cities,  553  in,  190,  323.    These  limits  known  to  old 

Pedal  for  poundii>g  rice,  90,  91  pamp-uiakers.  191.    Deceptions  with,  324, 

Pegu,  customs  iu,  respecting  water,  36  225.    Bag-pump,  209.    fiello^rs,  do.  20&-* 

Pelannue,  164  210.    Burr,  do.  214.    Centrircgal,  do.  229 

>/Penduluin  machine  to  raise  water,  92,93.  230.    German,  do.  138,  207,  218,  219.    Na 

'^ndulum  for  watches,  441  tural,  do.  209, 210.    Liquor,  do.  215.    Spa- 

i*enelope  and  Ulysses,  283  nish,  do.  217,  224 

-'erfumed  fountams,  5^,  540  '  Pumps,  forcing,  262 — ^293.    Common  pwnp 

^rfumcs  dispersed  bv  eolipiles,  401  263.    Enema,  263.    Bell  jws,  241,  257,207 

Perpetual  motions,  5^,  567  568.    Double  acting,  271.    Mercurial,  275 

Peruvians,  their  Asiatic  origin  doubtful,  172.  .iaturai,2C9, 210,2o&— 258.   Stomach. 264 

Whistlinc   bottles  of,  17.     Mirrors,   121,  Plunger,  272, 444.    Perkins' 281.    Rouirv 

172.   Wells  and  irrigutioB,  165—167.  Com-  284—291,373.    Reciprocating  rotMry,  292^ 

mon  utensils  of  cold,  171.    Ancient  city  293 

disinterred,  17.    Sucking  tubes,  204.    Not  Pumps.  li.'tiin,  277—279 

ignorant  of  the  bellows,  253 — ^256.    Dials,  Pusterich;  a  s'teani  idol,  399 

^2,  547  Pythogotas.  43S 
Persians,  wor^iped  Wc  lis,  36.   Ambassadors 

thrown  into  wells,  37.    Raising  water,  96,  Q 

673.    Fountains.  539,  tm  Quadrant,  che,  invented  by  Godfrey,  143 

Persian  whee.  lor  raiMng  water,  116  Quem,  hand-mill,  282 

Peter  Martyr,  qjo.ed,  10b,  314  Quippus.  historical  cords  of  the  Peruviana 

Pewter  and  pew;erers,  .62,  260  ]6v  J72 

Philadelphia,  water-works  of,  300.    Fire-en-  „ 

Phocion,  537,  .565  ^"'n  at  Thebes,  a  prodigy,  81 

Piasa,  a  bird  that  devoured  men,  1 65  Rans,  batlermg,  366.   Siphon  ram,  531 .    Wa- 

Picotah,  a  macliine  to  raise  water,  97  J^™"*^*  36(>— 372.    Natural  water  ram* 

Pins  and  needles,  87,  121.    First  made  in  ^  606                          ^        .  . 

England,  323  Ramseye,  his  patent  for  raising  water  by  :ir€ , 

Pipes,  water,  flexible,  268.    In  Mexico,  163.  „  "^^^     ^              ^       ,.     .          ^ 

f    la  Peru,  170.    Asia,  211.    Pompeii,  211,  Razors,  bronze,  121.    Mexican,  162 

652.    Rome,  2:3,  552.    Of  earthenware.  Reciprocating  rotatory  pumps,  292^  293 

68.    Of  Icitncr,  304.     Of  lead,  552,  553.  R^^S^!?  o^ 

©rawn,  554.    Tinned,  556  Religious  persecutions, 446 

Pipkins,  18,  19  Remora,  sucking  fish,  1S5 

Pistons,  206,  214.  215, 307,  438  Respiration,  475,  ^77 

Piston  bellows,  244—253  Richard  III.  his  coliin,  a  watering  trough,  f4 

Piston  and  cylinder,  various  applications  of,  2'!^^^®*j ''^J 

358,  359,  425  R>3T»yi  De,  Jus  s<eam  machine^  463 

Piston  steam-engine,  of  Worcester,  435—437.  Rivitz,  a  Swiss  machinist,  462 

Of  HautefiUe  and  Huyghens,  441.    Of  Pa-  Rivaz,  his  motive  engine,  473 

pin,  450.  Of  Newcomen,  465.  Of  Leopold,  Rmus,  eohpilcs  from,  396 

409  Rocking  machine  for  raising  water,  93 

Plato,  his  vie w^  of  mechanics,  3.    His  musi-  Rolling  press,  323 

cal  clocks,  543,  548  Rome,  invaded  by  the  Gauls  from  the  report 

Plav-bills,  ancient  one,  640  f<>f^  »n»ith,  19.     Houses  in,  310 
Pliny  the  elder,  quoted,  9,  15,  19,  35,  43,  68,  ^iRoman  wells,  28,  34, 40,  41,  50.    Chain  oi" 

79,81,96,  130,  192,  194.203,212,213,265,  Pots,  124,  Water  screw,  138.    Fire-engines. 

270,549,551.    His  ileatli,  28  310,311.    Firemen,  309.    Fountains,  533 

Plinv  the  younger,  his  letter  to  Trajnn,  309.  ^  ^'«9,  540.    Mirrors,  121 

Account  of  his  gardens,  536  Roods  of  Grace,  an  English  idol,  106 

Plough,  82,  83, 132.    Engine  for  drawing, 423  Rope  P«mp,  136 

Plutarch,  quoted,  3, 12, 81, 118,31 1, 366,537,  Rotatory  movements,  282—284 

542,548  Rotatory  pumps,  281— -291.    Defects  of,  291 

Poison,  in  wells,  40  Russia,  pumps  in,  220 
Pompeii,  its  discovery,  29.   /.ntiquities  found 

in,29,30,  43,  55,  211,552  8 

Porta,  Baptist,  1 ,  413.  Quoted,  379,  381 ,  430.  Safety  valves,  387, 391,  447,  461 

his  Digcbtcr,  393.    Raised  water  by  he/it,  Sails  of  ships,  268 

379.   By  steam,  407— 40i».    By  a  siphon,  529  Saladia.  47,  372 

Potter,  a'boy,   who  made  die'  steam-engine  Salting  fi^h,  in  Egypt,  86.    Its  revival  in  Gu 

self-acting,  470  roj»p,  b6 

Pressure  engines,  352 — 962.    Natural,  506  SanguiMichello,  203 

Presier,  .Tohn,  fights  the  Mongols  with  eoli-  Sap,  ascent  of,  507—609 

piles,  400  Snrbacnns.  256 

Printing.  2,  70,  388  Sarcophagii,  used  as  watering  troughs,  49;  99 

Printers^  devices,  194  Ssucc  pans,  21 

Prcuectors,  ridiculed  in  a  public  procession,  Savery,  his  experiments  and  engines,  453^ 

439  460.     His  bellows,  483 

Propelling  vessels  on  water.     See  Paddle-  Saw,  268 

trheela.  Scii>io,  his  baths,  658.    Dowry  of  his  dangh 

Pulley,  its  origin,  nted  by  the  Egyptians,  69.  ter,  121 

Used  for  rai>ing  water,  5S — 63"  Scoop,  to  raise  water.  93.    Scoop  whc*l  II. 

Pnmps,   atmospheric  :   of  uncertain   origin,  Scots,  wor>hippd  wells,  37 

212.    Mentioned   by  Pliny,  96,  213.    See  Screws  for  rai«.ing  water.  137— 142,  966' 

also  21 1—230.    Limits  to  which  water  rises  Scythian  iradiiion,  12 
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SaoMft,  quoted,  26. 310,  S94, 55S  Sulphur  baths,  ancient.  120 

S^rviere  Jiis  inTentions,  63,  91, 285,  429  Sun,  raising  water  by  the  lieal  ofj  378—38' 

Shadoof,  Egyptian,  94,  95  Distilling  by,  3b'l.    Raising  steam  by,  471' 

Shakespeare',  quoted,  or  illustrated,  19d,  350  Surgical  instruinenis,  found  at  Pompeii  282 

401   634,630  8wape,94— 103 

Sheet-lead  and  other  metals,  551  Syene,  well  at,  4S 

Ships,  &team,  of  (iarav,  403.    Of  Ramseye,  Syracuse,  dial  at,  642.    The  name  of  Arcln 

419.    Ventilation  of,' 488  medes' ship,  146 

Ship-building,  ancient,  116, 147.    Chinese,  158  Syringe,  259 — ^261.    An  emblematic  d^'X'ici 

Ship  purop.s,~143, 147, 1^—157, 214—217,227.  261*.    Used  as  liro-engines,  312,  316—317 

667 

Shoes,%nctent,  60.    Moteznma's,  161  T 

Shrine  of  Becket,  106  Tacitus,  quoted,  214 

Siame^G  water-clucks,  544  Tanks,  water,  $3 

Sieve,  Tutia  carrying  water  in  one.  196.   The  Tantalus,  city  of,  98.    Cnps,  690 

trick  explained,  ibid.                 '  Tartar  necromancy,  522 

Silk,  watering  of,  323  Tenures,  398 

Silver  pipes,  cocks  and  cisterns,  170, 557,  560  Teraphiin,  571,  572 

Siphons,   192,  193,  212,  268,  514^332.    Ca-  ^ezcuco,  161.  <^uppHod  with  water,  163 

pillar}', 513.   Natural,  506.    Kam,.^31.  Act  Theatres,  fountains  in,  recommended, 640 

m  vacuo,  515.    Other  dei^tccs  so  named,  Thebes,  a  wonder  at,  81 

212,213,  304,  307,311,  316  Themisiocles,  43 

Smoke  jacks,  75  Thendorus,  of  Snmos,  6 

Smoking  tobacco,  270.  454,  477  Thirst,  modes  of  quenching,  U     SafferiBga 

Soap-making,  raising  ley  by  steam.  413,  414.  from,  31.  32 

Great  sums  expend cd'on'soap,  (hid.    Soap  Tinkers,  Chinese,  20, 248 

factory  in  Pompeii,  ibid.  i^lascala,  159.    Its  water- works,  160 

Socrates,  537  Tobacco  smoking,  270,  464,  477.    Engine  foi 

Soldering,  551.    Cast  iron,  20.    Phenomenon  cutting,  323 

attending,  612  Toledo,  old  water-works  at,  294 

Solomon,  cibicrns  of,  48  v/ToUecs,  160 

SoulTlenr,  504  Tools,  o,  87,  132,  172,  268 

Spaniards,  their  conquest  of  A.nertca,  1.59  Toothed  wheels,  71.  72,  114, 121 

Spanish  pump- maker,  anecdote  of,  224.    S]>a-  Tornados,  482 

nish  sifsim-siiip,  403-^06.    Chain  of  pots,  Torricelii,  lb7,  !8S 

126.     Bells,  314  Tourne-broche,  75,  76,  .•>65.    Eolipihc,  396, 

Spcttkinsr  tubes,  106.  107.    Trumpets,  £73,  398,429 

3-i2.     Heads,  106,  108,  377  Towers,  war,  304 

Special- it's,  70  Toys,  87, 268 

Sjiorulum*,  121  Traditions   of  the   Mahomedans  and    St^- 

Sphinx,  119,  437  thiaus,  12     Arabs,  95.    Peruvians,  167 

Spindle,  spinning,  &c.  283,  284  Tri^4n,  his  directions  respecting  fires,  309 

Spiral  pump,  3C3  Traps  for  drains  562,  563 

Spiritalia,  a  wurK  written  bv  Henm,270, 306,  Tread-wheels,  73.  ''4,  76,  116. 117,  152 

312, 376,  3S6,  415,  618— oi20  Treasury  note,  copy  of  an  oM  one,  300 

Spouting  tubes,  497 — 504  Trees  of  Australia,  509.   Of  silvet  brats,  &«. 

Sprinkling  vessels,  atmospheric,  194^196,667  638 

Spurting  snake,  257  Trevithick's  pump,  280 

S&aiues,  43.    Iron  one  of  Arsinoe,  142.    Of  Tricks.    SeeJuggline. 

Memnon,  377, '101.    Leaden,  535, 550  Triton,  musical,  of  silver  634 

Steam,  its  effects,  359,  388— 32>1.     Its  me-  Trombe,  or  shower  bellows,  476 

chanical    properties,    391.  392.  407.  409.  Troy,  fountains  at,  49 

Supposed  identity  with  air,  395— 400,  418  Trumpets,  speaking,  273,  342.    Ear,  379,573 

— 421 ,  572  Tubal  Cain,  his  beHows,  232.     See  Vulcan. 

Steam-boats,  403.  419, 423, 4£4,  438  Turkish  fountains,  31.    Fire-engines,  316 

Steam-boilers  of  coiled  tubes,  394.    Of  wood  Tutia,  carrying  water  in  a  sieve,  198,  386 

and  gmnite,  470  Tvmp«inum  for  raising  water,  110,  114 

Steam-iMigines,  284,  359,  425.    Heron's,  394.  Tyre,  a  well  at,  38.    Glass  mirrors  made  at, 

Garay's,404.    Branca's,4l8.  Classification  121 

of,  425.    Worcester's,  437.     Moreland's,  U 

442—444.     Papin's,    450— 452.     Saven's,  Union  joints,  326, 459 

456—460.    Other  engines,  462— 464.    New-  J         »       » 

comen's,  465.    Leopold's,  469.   Made  self-  V 

acting  by  a  hoy,  251,470  Vacuum,  B.  Porta  on,   379.     Produced  by 

Steam-i;uns,  395, 573  steam,  407, 489.     In  open  tubes,  482—496 

Steam-idols,  39f»;  398,  399,  670—572  Boiling  sugar  in.  495 

Steain-nmchinists,  courtiers,  445  Valentinian,  anecdote  of,  196 

Slings  of  bees,  2.57  Valves,  230,  2^5, 268,  307, 655,  556.    Safety, 

Btomach  pump,  264  387,  391 ,  447,  45 1 

Stoves,  Chinesfe,  70.    Fire-places.  483  Vapor  engines,  44 J ,  472, 473 

Strabo's  account  of  Meinnon,  377  Vases,  ancient,  16, 17.    For  lust  bI  waier,  38* 

Stuvvesani,  Peter,    proclamations    by   him,  Vauxhall,  engines  at,  434.    Gardens,  44;') 

3?3,  340  Vegetius,  old  translation  of,  177,  207,  21' 

BncKors,  boys',  ISI.  Naiuml,  182, 1S3, 184,185  430,  522 

Sucking  tubes,  203, 204.  Sucking  wounds,  202  Veneering.  87 

Suction,  201,  202  Ventilation  of  mines,  ships,  &c.  488 

Sugar  boiling  in  vacuo,  495  Venturi,  experiinenu  by,  478 — 380 
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Vestals,  195—197.  383  ^Wheelfi,  tread,  73-76,  116,  1  n,  164     Cog, 

Virgil,  quoted,  3,  11,  12,  13,34,117,238,302  71,72,  1]4,  121 

Vision  of  Mahomet,  98  Whi^tle.s,  in  Peruvian  bottles,  17.    Chaldean 

Vitruvius,  quoted,  9,  34,  109,   113,117,124,  cups,  201 

139,  192, 244,  266,  269,  392, 395  Whitney,  Kli,  359 

Vulcan,  bellows  of,  232^  239, 240.   Trip  ham-  Whitehurst's  water  ram.  368 

mersj568.    Imprisoning  chair,  573  Wilkiiis,  Bishop,  quotea,  103,  104,396,418 

429—431,566 

W  Windlass,  68—72,  673 

Waffons,  steam,  423,  424  Wind-mills,  125,  139,  151,  158, 418,  572 

Walrus,  climbs  by  atmospheric  pressure,  183  Wines,  concentration  of,  440.    Mixed,  517 

Wars,  warriors,  3,  308,  369.     See  pre/ace.  Siphons  for  tasting,  195,  516. 52? 

Watches  and  clocks,  71,  122,  323,  350,  441,  Wine  fla^k,  Savery's  ejcperimcnl  with,  454— 

542—547  455 

Watch  chains,  323  Winifred's  well,  miracle  :il,  37 

Water,  its  importance  in  nature  and  the  arts.  Winnowing  machine,  70 

9,  302,  358.     Supposed  identity  with  air,  Wire,  ancient,  2, 87,  121,  16*2,  323.    Mill  fof 

395,418,420,421,672.    Wornhiped,  33—  drawing,  423 

37,  565.    Penalty  for  stealing,  43.    Fresh  Wirtz's  spiral  pump,  363 

dipped  from  the  sea,  519  Woden's  well,  ba 

Water  beds,  178.    Bombs,  349.    Canes,  372.  Wois.ird's  air  machine,  473 

Carriers,  83,  84.    Cloiiets,  561.    Hammer,  Women,  early  experimenters  on  steam,  391 

367.    Lute.  451.    Power,  4S0.    Rams,  368  Wooden  hams,  70 

— 371.    Spouts,  477,510.  Wheels,  125,282,  Worcester,  Marquis  of,  his  century  of  inven- 

568  lions,  64,  140,  362,  42^-440,  039.     His 

Water-works  .at   Hamath,  116.     In  Japan,  steam-boat,  438.    Stc.nm-cngioe,  437.    His 

125.    At  Babylon,  133—135.    Of  the  Peru-  character  and  death,  439 

vians.  165— n2.    Mexicans.  160—162.    At  World,  the,  an  hvdraulic  machine,  505 

Augsourgh,  Bremen,  Toledo,  Paris,  and  Wjrnken  de  Worde,  quoted,  314 

London,  294, 295,  296.   Old  ones  described, 

438.    In  America,  298.    Roman,  267,  480  X 

Watt,  145, 258.    See  preface.  Xerxes,  his  chair,  4.    Sends  a  distaff  to  bia 

Waves,  366,  367  general,  283 
Wed«e,  268 

Weatiier-glasses,  375  Y 

Weejiing  images,  108  Yoke,  83,  117.    Description  of  an  Egypiiau 
Wells,  24 — 19,52, 71,  241,565.    Soloo's  laws   \    one,  84 

respecting,  27.    Reflectmns  on,  48.    Venti*  >|Vucatan,  ancient  wells  in,  164,  165 

Inlion  oiV  488.    Worshiped,  33—37,  565. 

Ancicit    American  wells,   50,    160—167.  /                                Z 

Their  examination  desirable.  50  Nfiem  Zem,  the  holy  well  of  Mecca,  35,  42. 

,  Wheels,  dasL,  94.     Other  wheela  to  raise  '     44,  45 

v/     water    109 — 116.    Wheel  of  fortune,  118.  Zeno,  his  quarrel  with  Antheviiaff.' 

Sccop    111.    Persian,  115.    Capstan    77  Zodiac,  signs  of  Sft 
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ADDENDA. 


Atmonherk  Pump,  p.  212-14.  Supposed  to  be  of  remote  Eastern  origin.  Evidence 
that  it  18  no  stranger  to  mining  engineers  in  one  of  the  least  known  paits  of  Asia, 
we  found  several  years  ago  in  an  old  Japanese  pamphlet  on  mining  and  smelting 
copper.  It  had  long  been  in  the  poeseasiou  of  Kev.  S.  Wells  Williams,  of  Canton, 
before  he  gave  a  translation  of  it  in  the  Ckinttt  Bqfontory,  vol.  ix.  (1840).  It  was 
subsequently  brought  to  this  country  and  now  lies  before  us.  Its  title  is  Ko  Dm 
DmjL  Rokut  a  small  folio  of  41  pages,  of  which  14  are  plates,  prini&i  in^^jlon,  repre- 
senting workmen  engaged  in  the  various  operations,  from  extracting  tliip  ore  to  its 
reduction  in  the  furnace  and  casting  the  metal  into  ingots.  The  bellows  is  the 
double-acting  wooden  one  figured  on  page  248  of  this  volume.  Thirteen  more 
plates  are  occupied  with  t<K)ls,  &c.,  in  extreme  detail.  The  third  plate  exhibits  a 
section  of  part  of  a  rude  shaft  excavated  in  the  rock,  through  which  the  water  of 
the  mine  is  raised,  in  successive  lifts  of  about  15  feet  each.  Shallow  wooden 
cisterns  are  placed  at  that  distance  above  one  another  on  ledges  of  rock  left  for 
them.  Pumps,  formed  of  planks  like  the  bellows,  raise  the  water  from  cistern  to 
cistern  till  it  is  discharged  at  the  surface.  They  are  considerably  incljned  from  the 
perpendicular.  Each  is  worked  by  one  man,  who  applies  his  hands  mrectly  to  the 
pump-rod  (also  wood)  which  terminates  in  a  short  cross  piece,  like  a  common 
spade-handle.  Near  each  man  Is  a  small  shell  lamp— indicative  of  darkness  from 
depth. 

Of  these  pumps  the  text  may  well  say,  "  several  tens  of  hundreds  of  strokes  are 

given. . .  .there  is  a  great  consumption  of  the  strength  of  the  workmen they 

Are  worked  uninterruptedly  day  and  night."  The  pamphlet  was  shown  to  the 
cjhiefb  of  the  late  Japanese  Embaasy.  They  instantly  recognised  it  as  one  of  a 
siumerous  class  of  hand-books  "  for  workmen."  They  were  anked  if  blotting  w^ 
practised  in  mines.  They  said  no.  The  book  represents  the  ores  extracted  by  the 
liammer  and  chisel.  The  third  plate  is  probably  a  fair  representation  of  the 
practice  of  raisiag  water  from  Greek  and  Roman  mines.  There  is  nothing  in  the 
pumps  or  manner  of  working  them  from  which  to  Infer  a  European  derivation. 

Ckmpressive  Tubular  Pumpt.  Reference  to  this  variety  of  devices  vras  omitted  in  the 
precediag  pages.  Although  of  little  practical  value,  a  notice  of  them  might  have 
saved  some  time  and  money  since  thrown  away  upon  them.  They  do  not  appear  to 
have  occurred  to  American  inventors  till  1851.  In  the  fall  of  that  ye.ur,  four 
applications  for  patents  were  filed  and  rejected  for  lack  of  novelty.  The  applicants 
were  referred,  among  other  sources  of  information,  to  Baehr's  pump  of  1819, 
figured  and  described  in  the  Transactions  of  the  Society  for  the  Encouragement  of 
Induhtry,  of  Prussia,  Berlin,  1822,  p.  195,  plate  ix. 

The  principle  may  be  understood  without  a  diagram.  It  is  essentially  the  same 
as  that  by  which  a  dairy-maid  milks  a  cow  or  a  goat.  The  teat  is  an  elastic  tube 
opening  into  the  udder,  and  she  expels  the  contents  by  drawing  down  her  com- 
pre»ssed  hand  over  it,  a  fresh  supply  following  the  movement.  In  the  artificial 
device,  one  end  of  a  hose-pipe  opens  into  the  water  to  be  raised,  and  the  other  is 
continued  up  to  the  place  of  discharge ;  a  portion  being  curved  into  a  circular  bed  or 
QSaie^  against  which  the  ends  of  revolving  arms,  moved  by  a  crank,  are  made  to 
press  as  they  sweep  over  it.  Each  thus  drives  the  liquid  in  front  of  it  up  the 
ascending  pipe,  and  a  fresh  supply  keeps  flowing  in  behind.  To  prevent  the  wear 
of  the  pipe  by  the  ends  rubbing  over  it,  they  terminate  in  rollers. 

When  the  device  is  intended  to  perform  the  part  of  both  a  sucking  and  forcing 
pump,-  the  hose  should  be  of  sufficient  elasticity  to  resist  the  pressure  of  the  atmos- 
phere when  empty  of  air  or  water.  A  pump  of  this  kind  is  figured  and  described  in 
the  Patent  Office  Report  for  1855.  Of  the  first  four  models  of  elastic-tube  pumps 
received  at  the  Patent  Office,  three  were  filed  in  the  same  month,  and  the  fourth 
within  two  months  of  them.  Two  were  from  the  same  city,  and  three  from  the 
same  State.  Points  of  difference  were  trifling :  in  two,  the  coil  to  receive  the 
pressure  formed  a  portion  of  a  circle,  and  in  two  a  whole  one.  In  all,  the  com- 
pressing arms  ended  in  rollers  and  varied  in  number  from  one  to  four.    The  simol* 


610  Addenda, 

taneous  announcement  at  different  plaov  of  the  same  device  is  not  a  new  thing  in 
the  historr  of  the  arts.  It  has  occairr,'*!  in  distant  ooontries.  as  well  as  in  neighbor- 
ing parts  of  the  same  country.  Had  faith  in  the  elfin  race  not  died  out,  one  might 
hare  supposed  some  frolicsome  Pu^fc.  amused  himself  by  whispering  the  same 
thought  into  the  heads  of  half  a  dose&.patentees,  and  then  setting  them  by  the  eaiB 
in  wranglings  for  priority. 

Cktrved  Pumjn^  p.  228.  lliese  are  examples  of  long-forgotten  invaitioDs  lerire  1 
as  new  ones,  'fhey  were  described  by  Ramelli,  and  variously  and  ingeniously  modified 
by  bim  over  270  years  ago.  His  book  is  a  treasury  of  fine  inventions,  upon  which 
machinii»t6  have  drawn  hurgely.  Not  a  few  of  what  are  thought  modem  devices  are 
found  in  it.  In  the  volumes  of  Bessjn,  Branca,  Zonca,  BocUer,  Decaus,  and  other 
old  writers  on  machinery,  there  is  not  one  comparable  to  it.  A  folio  of  338  pages, 
beautifully  printed  in  f  rench  and  Italian,  it  contains  195  copper  plates,  the  figures 
admirably  designed  and  the  details  fully  expressed.  It  is  profuse  on  pumps  and 
on  mechanisms  for  working  them.  (The  air-vt:ftiel  is  not  mentioned,  nor  is  there 
an  example  of  a  piston-rod  working  through  a  stuffing-box.)  It  is  impoeaible  to 
look  over  this  work  of  a  practioil  engineer  of  the  16th  century  without  admiring 
the  amount  and  variety  of  mechanical  resource  it  displays ;  nor  without  surmising 
whence  Worcester  derived  not  a  few  of  the  enigmas  iu  his  Century  of  Inventions — 
ingenious  devices  here  fully  described,  but  turned  by  him  into  riddles.  Barai%lli 
has  no  secrets.     The  title  of  his  book  runs  thus : 

"  Le  diverse  et  artifidose  Machine  del  Capitano  Ago^tmo  BamdU  dal  Po&te  della 
Treida,  Ingegniero  del  Christiamssimo  Be  di  Franda  et  Polonia. 

**  Nellequali  si  contengono  uarij  et  industriosi  monimenti,  d^ni  degrandissima 
speculatione,  per  cauame  benefido  infinito  in  ogni  sorte  d'operatione  :  Composts  in 
Ungua  Italiana  et  Francese. 

*'  A  Parizi  in  casa  del'autore,  c6  privilegio  del  Be,  1588." 

The  only  copy  I  have  seen,  I  found  in  the  public  library  of  Bio  Janeiro,  in  1846. 

RoUtry  Pun^,  p.  285.  Figured  and  commended  in  *'  A  collection  of  problems  ex- 
tracted out  of  andent  and  modem  philosophers,  not  vulgarly  manifest  till  now — 
written  first  in  Greek  and  Latin,  lately  compiled  in  French  by  Henry  Van  Etten, 
and  now  in  English,  &c."     London  :  Printed  for  William  Leake,  1674. 

Rotary  Pumps,  pp.  28S,  290.  In  Bamelli.  It  would  not  be  easy  to  point  one 
leading  feature  in  modem  rotary  and  redprocating-rotary  pumps  not  antidpated. 

Steam  Ships^  p.  403-6.  Is  there  any  connection  between  the  device  of  Garay 
and  tbat  of  the  elder  Scallger,  his  contemporary,  who  in  his  **£xerdtationes" 
confidently  avers  that  he  coald,  without  difficulty,  make  a  ship  go  of  itself-^ 
"  Naviculum  sponte  sua  mobilem  ac  sui  remigii  authorem  faciam  nullo  negotio." 
The  son  of  a  military  man,  he  followed  arms  himself  till  he  was  forty.  He  died  in 
1588>  fifteen  years  after  Garay's  experiment. 

The  Calorio  Enqdib. 

I  have  been  urged  to  notice  this  Engine,  as  an  invention  introduced  since  the 
first  puMication  of  this  volume,  and  the  rather  because  the  prindple  on  which 
its  claims  were  based  as  an  economical  motor  is  indorsed  in  a  justly  popular  and 
influential  work  now  issuing  from  the  press  in  this  country  and  in  Europe.  The 
most  singular  thing  about  it  is  this :  As  the  amount  of  force  to  be  derived  from 
heated  air  is,  under  all  circumstances,  exceedingly  limited,  by  an  illusion,  hardly 
equalled  in  the  history  of  the  arts,  a  device  was  adopted  to  increase  it,  the  most 
certain  to  diminish  it ;  and  this  crippling  device  was  proclaimed,  and  widely 
accepted,  as  the  crowning  glory  of  the  invention.  It  appears  to  be  still  so  con- 
sidered, both  in  France  and  England,  by  some  writers. 

It  nee<l  not  be  stated,  except  to  those  unacquainted  with  it,  that  the  Caloric 
Engine  neither  presented  a  new  prindple  nor  a  new  application  of  one.  It  was 
ushered  into  notice  under  a  new  name,  and  to  an  old  adjunct  was  given  the  allaring 
and  deceptive  designation  of  '*  a  regenerator. ' '  It  was  this  that  gave  the  engine  its 
notoriety.  And  yet,  so  £sir  from  possesi^ing  the  miraculous  properties  ascribed  to  it, 
it  was  a  positive  nuisance.  Instead  of  reprodudng  without  cost,  it  wasted  no  little 
of  the  moderate  amount  of  force  developed,  and  saved  none.  There  was  no 
medium  quality  in  it.  It  was  either  what  we  have  called  it,  or  it  possessed  all  the 
virtues  ascribed  to  it. 

V'hat  \%as  claimed  to  be  done  by  it  was  thus  announced  :  **  The  basis  of  the 
Caloric  Engine  is  that  of  returning  the  heat  at  each  stroke  of  the  piston  and  \m>:g 
it  over  and  over  a^in ;  and  this  it  does  so  perfectly  that  the  heat  employed  in  fir.st 
setting  the  engine  in  motion  continues  to  sustain  it  in  fall  working  force  with  no 
other  renewal  or  addition  than  may  be  required  to  supply  the  inconsiderable  V>< 
by  radiation." 
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The  prooesa  was  virtually  that  of  using  waste  steam  to  heat  feed- water  of  steam- 
boilers,  but  the  diflferent  effects  of  the  heat  on  the  aerial  fluid  and  the  liquid  were 
strangely  overlooked.  Had  the  denxify  of  the  air  in  patting  through  the.  regenercdar  heen  ne 
more  affected  than  feed-water,  there  might  have  been  something  like  thr  results  claimed. 
But  the  reverse  was  the  fact.  The  fluid  swelled  and  kept  swelling  with  the  heat 
taken  up,  hence  the  quantity  injected  at  each  stroke  of  the  feed-pump  wbs  pro- 
portionally diminished,  and  also  its  expansion  within  the  working  cylinder,  where 
expansion  was  everything — a  double  loss.  Its  constructor,  in  the  Franklin 
Journal^  of  November,  1854,  says—*"  in  every  instance  the  air  entering  the  working 
cylinder  has  been  elevated  [by  the  regenerator]  to  400^,  and  often  as  high  as 
hOG^.' '  Ho^  much,  then,  did  it  expand  after  entering  ?  and  how  much  less  of  it  was 
there  to  expand  f 

To  feed  an  air-engine  with  heated  air  is  like  feeding  a  sfceam-engine  with  steam 
instead  of  watei  All  the  power  the  steam  could  possibly  have  would  arise  from 
the  additional  heat  it  got  toitMn  the  boiler.  8o  with  the  Caloric  Engine,  whose 
boiler  equivalent  was  the  heated  bottom  of  the  working  cylinder — the  hotter  the 
air  sent  in  the  less  work  it  could  do  when  in,  the  less  it  could  expand.  And  if  the 
whole  of  the  expired  fluid,  or  heat,  were  returned,  it  could  do  none.  It  could  then 
give  out  no  more  force  than  was  expended  on  its  injection.  The  scheme  might  b€ 
likened  to  one  for  economizing  animal  power  by  returning  to  the  stomach  food  not 
completely  digested,  or  air  from  the  lungs  not  deprived  of  heat.  The  result  wail 
with  the  artificial  as  it  would  be  with  a  natural  oi^anism  ;  the  more  expired  heat 
returned  the  weaker  it  became,  and  when  90  per  cent,  was  sent  back  (claimed  to 
have  been  done),  it  must  needs  have  been  near  its  last  gasp.  After  a  long  contest 
with  nature  to  induce  her  to  yield  the  point,  it  was  perceived,  but  not  acknowl- 
edged, that  inanimate  no  more  than  animated  machines  can  inhale  the  same  heat 
"  over  and  over  again"  without  losing  strength — that  fresh  air  and  fresh  heat  Is  the 
law  fur  both.  If  waste  force  in  heat  could  be  recovered  and  used  over,  why  not  in 
other  forms  of  force  ? 

Hie  earlier  air-engines  were  the  best,  and  for  the  very  reason  they  were  deemed 
the  worst.  In  that  of  iSir  George  Cayley,  and  others,  **  the  air  had  its  temperature 
raised  to  500^  or  GOO"^  by  passing  it  through  a  heated  chamber  ;  and  after  having 
once  acted  on  the  piston  it  was  allowed  to  escape  into  the  atmosphere,  carrying 
along  with  it  a  large  portion  of  the  heat,  which  wot  thut  wasted."  As  well  might  a 
naturalist  complain  of  nature  committing  the  like  waste  in  the  hot  breath  of 
hard-working  animals  and  men,  for  heat  is  the  source  of  living  as  of  inanimate 
forces.  To  gain  power  by  sending  back  heat  to  work  over  and  over  is  to  cause  force 
to  repeat  itself.  There  are  several  things  common  to  natural  and  artiticial  motors, 
but  that  is  not  among  them.  If  man  could  impart  it  to  insensible  mechanism,  it 
would  be  strange  if  the  Creator  had  not  conferred  it  on  living  organisms.  Were 
it  poBtiibie,  it  would  save  as  much  food  in  one  class  as  fuel  in  the  other.  As 
respects  force,  all  food  is  fuel. 

Before  e8cai)ed  heat  is  deemed  wasted,  it  should  be  shown  to  have  done  no  work 
in  the  cylinder  ;  an  impossibility,  since  every  particle  necessarily  contributed 
equally  with  every  other  to  the  effect  on  the  piston.  But  admitting  it  did  none, 
does  it  follow  that  the  penalty  of  waste  can  be  evaded  ?  Assuredly  not,  for  with 
nature  there  is  no  forgiveness.  Yet,  by  the  principle  claimed,  tliere  is  more  to  be 
made  out  of  the  waste  than  if  there  had  been  none.  Return  60  per  cent,  four 
times,  and  the  original  amount  would  be  virtually  doubled — the  force  actually 
doubled.  The  fact  is,  if  one  per  cent.,  or  the  fraction  of  one  per  cent.,  can  be 
profitably  used  over  and  over  the  principle  would  be  established,  and  the  whole 
micftit  be. 

Waste-water  of  an  overshot  wheel  will  repeat  its  work  as  often  as  it  is  returned 
to  its  first  position,  but  it  costs  more  to  send  it  back  than  it  is  worth  when  got 
back.  Examine  the  action  of  the  regenerator  and  it  will  be  found  another  phase 
of  the  old  scheme  for  saving  toil-water  by  sending  it  ba<3k  to  the  dtim  ;  a  grosser 
error,  for  water  will  give  out  all  the  power  it  gave  out  at  first,  while  air  yields  as 
much  less  as  its  subsequent  expansions  within  the  cylinder  are  less  than  the  first. 
Besides,  us  much  force  is  required  to  inject  a  small  charge  of  it  as  a  full  one — that 
is,  of  heated  as  of  unheated  air. 

The  true  character  of  the  regenerator  was  shown  in  the  Journal  of  (he  Franklin 
InttOuie  for  September,  October,  and  November,  1864.  In  1857,  the  Caloric  Engine 
was  extensively  advertised  as  having  *'just  been  perfected,*'  How?  Why,  by 
dropping  the  regenerator  and  pumping  in  cold  air,  as  suggested  in  the  Journal.  It 
was  thus  the  small,  or  portable,  class  of  engines  arose.  With  the  regenerator,  they 
had  ditd  the  day  they  were  born.  If  it  possessed  ar^  virtue,  they  certainly  stocd 
most  in  need  of  it. 
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Ezplodve  forces,  natural  and  artificial,  are  analogaes  of  steam  and  air  moton. 
Fhere  oould  be  no  volcanoes  if  thn  motive  gases  did  not  follow  up  the  ejected 
matter,  and  eacape  with  U.  However  high  the  material  might  be  pushed  up,  on  the 
exhaustion  of  the  force,  il  would  fiall  Imck  like  a  piston  into  a  vacuum  beneath  it. 
The  flame  issuing  from  cannon,  is  it,  too,  all  wasted  f  Extinguish  it  within  them 
and  how  far  would  the  balls  be  projected.  The  hypothesis  that  the  escape  heat  of 
air  and  steam  engines  might  and  ought  to  be  umkI  up  within  them  has  its  sup- 
iKirters.  We  believe  it  is  not  sustained  by  a  single  fact.  But,  passing  that,  it  is 
strange  so  wide  a  difference  between  theory  and  practice  is  not  settled.  It  is  said 
95  per  cent,  is  lost  in  one  class  of  steam-engines,  and  a  still  larger  amount  in 
another !  Were  this  true,  the  man  has  not  lived  tnat  can  be  compared  to  him  who 
teaches  us  how  to  add  that  amount,  or  anything  near  it,  to  the  current  powers  of 
our  motive  engines.  But  as  long  as  such  visions  are  fostered,  there  will  not  cease 
to  be  victims. 

There  is  a  perfect  analogy  in  the  action  of  an  air-engine  and  a  thermometer. 
The  mercury  swells  upward  as  its  temperature  rises  and  pushes  up  a  small  float,  or 
piston,  on  its  surface.  When  the  maximum  height  is  attained,  the  force  and  the 
resistance  are  balanced.  The  heat  can  do  no  more.  With  the  fall  of  the  tempera- 
ture the  float  settles  down,  and  is  again  raised,  but  not  by  the  same  heat,  for  not 
till  that  escapes  through  the  sides  of  the  tube  can  the  float  or  fluid  fall.  So  it  is 
with  the  engine.  The  air  exerts  its  greatest  force  against  the  piston,  and  having 
done  that,  any  smaller  amount  is  of  no  avail.  However  long  retained  in,  or 
quickly  dischi^ed  from  the  cylinder,  it  can  neither  add  to  or  repeat  any  part  of 
the  power.  Before  more  woik  is  done,  the  heat  must  be  discharged  along  with  the 
motive  fluid  into  the  atmosphere,  or  be  left,  as  in  the  thermometer,  to  find  its  way 
out  through  the  sides  of  the  cylinder.  Whatever  use  may  be  made  of  it  outside,  it 
can  never  be  of  any  value  again  within  the  cylinder.  It  is  impossible  to  return  it 
without  expending  more  than  its  equivalent.  Hence,  if  its  escape  is  *'  vraste,"'  the 
same  waste  occurs  in  the  thermometer. 

And  what  of  that  ?  perhaps  may  be  asked.  Why,  this :  the  instrument  is  an  ex* 
ponent  of  nature's  invariable  practice,  and  unless  we  can  improve  on  her  plans,  or 
evolve  a  principle  unknown  to  her,  the  question  is  settled.  If  she,  in  her  elastic 
forces,  repeatedly  uses  the  same  heat,  we  can  profitably  do  so,  but  nothing  of  the 
kind  is  attempted  by  her.  After  being  once  used  it  is  suffered  to  **  waste,"  if  the 
term  be  admissible.  Without  referring  to  minor  examples,  which  everywhere 
abound,  take  the  planet  as  a  whole.  It  is  a  perfect  air-engine.  Its  atmosphere  is 
heated  during  the  day  and  suffered  to  cool  during  the  night.  Suppose  this  noc- 
turnal **  waste"  saved  by  some  regenerating  process,  what  would  follow  ?  A 
aniform  temperature  would  become  established,  a  stagnant  calm.  With  the 
cessation  of  wind-power  the  whole  economy  of  the  planet  would  be  deranged,  for 
as  in  the  artificial  engine,  the  saving  of  the  heat  would  be  the  end  of  the  force. 

Those  who  may  be  tempted  to  make  further  experiments  would  also  do  well  to 
bear  in  mind  that  a  pint  of  water  dilates  into  about  1,700  pints  of  steam,  while 
twice  the  temperature  required  to  boil  water  does  not  expand  a  pint  of  air  into  a 
quart.    In  the  Caloric  Engine  the  volume  was  never  doubled.    And  further,  that, 
owing  to  the  difference  of  density  between  atmo^heric  air  and  water,  the  feed- 
pump of  a  steam-engine  scarcely  consumes  a  thousandth  part  of  its  power,  while 
that  of  an  air-engine  requires  not  less  than  66 per  cent.— its  capacity  being  two- thirds 
that  of  the  working  cylinder.    Thus  an  air-engine  transmits  only  one- third  of  its 
power  to  the  work  to  be  done,  while  a  steam-engine  gives  out  the  whole— the  amount 
consumed  by  the  pump  being  so  trifling  as  to  be  passed  over  in  estimating  the  power. 
It  is  tp  be  regretted  that  any  work  of  authority  should  indorse  afresh  the  cardinal 
fallacy  that  air  heated  outside  of  the  working  cylinder,  or  chamber  of  expansion, 
ig  attended  with  a  corresponding  saving  of  fuel.     (See  "  Chambers'  Encyclopfedia,'* 
Art.  Caloric  Engine.)    When  an  elastic  fluid  is  discovered  that  can  be  returned  un- 
dilated  by  heat  taken  up  in  its  passage  to  the  expanding  chamber,  the  doctrine  will 
be  true,  and  not  till  then.    We  suppose  there  is  some  mistake  in  the  statement 
that  a  Sterling  Engine  "did  all  the  work  of  the  Dundee  Foundry  Company 
regularly,  with  a  saving  of  about  75  per  cent,  of  the  fuel  used  by  the  steam 
engine,"  if  it  is  to  be  understood  that  the  latter  was  in  a  fair  working  condition, 
and  the  force  and  fuel  as  economically  expended  as  in  the  former.     But  supposing 
there  is  no  mistake,  and  that  the  saving  would  not  have  been  further  increased  bj 
discarding  the  regenerating  apparatus,  such  a  motor  oould  not  at  this  day  bd 
abandoned  for  anything  like  the  reasons  assigned  for  laying  it  aside.    It  would 
truly  be,  what  the  Caloric  Engine  was  once  claimed  to  be,  a  greater  gift  to  tho 
world  than  the  steam-engine  itself. 
Mrw  TcBK,  Marok  11,  ISK, 
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VORWOET. 

Das  Torliegende  Buch  entspringt  sowobl  dem  eigenen  Bedtlr&isse 
nach  dem  Besitz  einer  eingehenden  Zusanunen&ssung  der  heutigen  Hy- 
draulik  in  dem  Umfange;  in  dem  sie  fOr  den  Baxdngenienr  yon  Belang 
ist;  als  anch  der  Einwirkong  yieler  FachgenoBsen,  welche  ebenfalls  den 
Mangel  an  einer  solchen  empfanden. 

Die  Abfassung  wurde  mir  dadnrch  erleichtert,  daS  ich  einen  Be- 
richt  {Lber  das  gleicbe  Gebiet  in  der  Encyklopadie  der  mathematiscben 
Wissenscbaften  veifaBt  batte,  der  mir  als  zweckmaBige  Y orarbeit  dienen 
konnte.  Wabrend  die  nenere  franzosiscbe  Literatur  in  der  Hydraulik 
Flamank  ein  Handbncb  besitzt^  welcbes  wenigstens  die  franzosiscben 
bydranliscben  Forscbnngen  erscbopfend  bebandelt,  wabrend  die  italie- 
nisebe  die  woblgelungene  Idraulica  MasoniB  anfweist^  feblte  bisber  ein 
enisprecbendes  Werk  in  dentscber  Spracbe;  denn  die  vorbandenen  Be- 
arbeitongen  der  neueren  Zeit  tragen  mebr  den  Gbarakter  des  Lebrbucbes 
und  sind  iiberdies  der  Mebrzabl  nacb  vom  Standpnnkte  des  Mascbinen- 
ingenieurs  ans  verfafit,  wie  z.  B.  die  bekannte  scbone  tecbniscbe  Hydro- 
mecbanik  Ton  H.  Larensff  welcbe  insofem  bier  als  vorbildlicb  gelten 
kami,  als  in  ibr  die  Tecbnik  als  ein  Zweig  der  Pbysik  betracbtet  wird. 
Meine  ^Hydraulik^^  soil  namlicb  in  abnlicbem  Sinne,  aber  eingebender 
einerseits  die  Ergebnisse  der  matbematiscben  und  pbysikaliscben  For- 
scbnngy  soweit  sie  sicb  frncbtbringend  gezeigt  bat^  oder  frncbtbringend 
zu  werden  rerspricbt,  der  tecbniscben  Facbwelt  in  yerstandlicber  Form 
fibermittebi;  andererseits  jene  Yersucbsangaben  und  Eoejffizienten  sicbten 
nn4  sammeln^  welcbe  erst  die  Yerpflanznng  der  Tbeorie  anf  das  Feld 
banlicber  Tatigkeit  ermoglicben. 

Znr  Erbobung  der  Braucbbarkeit  mufite  icb  denn  aucb  eine  grofiere 
Zabl  Ton  Tabellen  beifiigen,  Von  denen  einige  bier  zum  ersten  Mai  er- 

scheinen* 

a* 


IV  Vorwort 

• 

Bei  der  Anordnung  des  Stoffes  folgte  ich  fast  von  selbst  der  ge- 
schichtlichen  Entwicklung;  deim  diese  ist  so  gesetzmafiig  vor  sich  ge- 
gangen^  dafi  die  chronologische  Aneinanderreihung  yon  der  logischen 
Einteilung  mir  nirgends  abzuweichen  schien.  Hiermit  sei  angedeutet, 
dafi  ich^  wenn  tunlich^  auf  die  nrspriinglichen  Quellen  zariickzugeheii 
trachtete  and  deren  Anftihrung  Aufinerksamkeit  schenkte.  BuhimannB 
Hydromechanik  diente  mir  hierbei  als  ein  bezflglich  Yollstandigkeit 
und  Zuyerlassigkeit  kaum  zu  erreichendes  Muster.  Ich  boffe^  dafi  diese 
Literatumachweise  nicht  nnr  dem  Forscber  lieb  sein  werden,  sondem 
ancb  dem  im  Berufsleben  stebenden  Ingeuienr,  weil  er  an  Hand  von 
Quellenangaben  die  Moglicbkeit  bat^  sicb  wenn  notig  yergleicbsweise 
rascb  in  ein  ibm  neues  Sondergebiet  zu  yertiefen. 

Bei  der  eingebenden  Bebandlung  drangten  sicb  yiele  Fragen  ani^ 
deren  Beantwortung  wQnscbenswert  erschien.  Icb  war  bemiibt  zu  ibrer 
Ldsung  beizutragen,  aucb  wobl  andere  bierzu  zu  yeranlassen.  Hieraus 
und  aus  freundlicben  Mitteilungen  yon  Facbgenossen  flofi  mir  yielfacb 
bisber  unyeroffentlicbter  Stoff  zu^  den  icb  als  solcben  im  Bucbe  gekenn- 
zeicbnet  babe.  Dabei  gab  icb  meine  eigenen  Beitrage  als  „bisber  unyer- 
Sffentlicht^  zumeist  obne  Nennung  des  Autors  an^  wabrend  icb  bei  an- 
deren  Yerfassem  selbstyerstandlicberweise  ibren  Namen  anfiibrte. 

Die  Recbnungen  boffe  icb  gentigend  eingebend  wiedergegeben  zn 
liaben,  so  dafi  man  sie  bei  einiger  Gewandtbeit  obne  Stocken  yerfolgen 
kann.  Soweit  sie  aus  matbematiscben  Werken  und  Aufsatzen  stammen, 
mufite  icb  sie  zu  diesem  Zwecke  yielfacb  ausfiUirlicber  ausarbeiten  als 
in  der  Quelle.  Icb  tracbtete  aber  moglicbst  einfacbe  Metboden  zu  wablen 
und  den  Text  moglicbst  knapp  an  Worten  zu  gestalten.  Mit  Riicksicbt 
auf  das  Raumerfordemis  babe  icb  ferner  die  Fig^uren  nicbt  mit  Nummem 
Terseben  und  ibnen  gewobnlicb  keine  Bezeicbnung  beigefUgt. 

Mebr  und  mebr  wird  beute  im  Wasserbau  nacb  tbeoretiscben  Ge- 
setzen  gegriffen.  Die  Zeit  ist  angebrocben,  in  der  auf  alien  Teilen  dieses 
Gebietes  wissenscbafUicbe  Forscbung  und  baulicbe  Gestaltung  yonein- 
ander  Nutzen  zieben.  Moge  dieses  Bucb  dazu  beitragen^  den  innigen 
Verband  beider  zu  fordern. 

Graz,  im  Noyember  1913.J 

PhiUpp  Forchheimer^ 
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Bemerkung.    Im  ganzen  Buche,  Bazins  Formel  (45)  ausgenommen,  be- 
deutet  y  das  Eigengewicht  der  Fliiesigkeit. 


1.  Gegenstand  der  Hydraulik.   Definition  der  Fl^Bsigkeit.    Der 
Name  Hydranlik  bedeutet  zwar  als  ZusammeiiBetzang  von  vdmQ  »  Wasser 
ond  avXdg  ^  Rohre  streDggenommen  nor  die  Lehre  von  der  Leitung  des 
Wassers^  wird  aber  heute  fiir  die  gesamie  anf  Erfahrung  oder  Versuche 
gegrQndete  Wissenschaft  der  Druckaufierung  des  ruhenden  und  des  Yer- 
haltens  bewegter  FlQssigkeiten  gebrancht.   Mit  den  rahenden  Fltissig- 
keiten  befafit  sich  spezielt  die  HydroskUik.  Dabei  kann  das  Wort  Fldssig- 
keit  als  Bezeichnuog  jener  StofTe  definiert  werden,  bei  welchen,  wenn 
sie  sicb  im  mhenden  Zustande  befinden,  durchweg  die  anf  irgendein 
Teilchen  wirkenden  AuBenkrafte  rechtwinklig  zur  Umgrenzungsflache  des 
Teilchens  gerichtet  sind.  Die  Unmoglichkeit  des  Auftretens  von  Scher- 
kraften^  wenn  keine  Beweg^ng  stattfindet,  bildet  hiemach  das  wesent- 
liche  Merkmal  der  Fltissigkeit  gegentlber  dem  festen  Korper.  Anderer- 
seits  mQssen  die  geringfUgigsten  Scherkrafte  bei  den  FlQssigkeiten  eine 
Bewegnng  erzengen,  die  aber  so  langsam  sein  kann,  dafi  sicb  die  Ent- 
scheidungy  ob  ein  Korper  als  fest  oder  fliissig  zn  bezeichnen  ist,  unter 
Umstanden  als  nnmoglich  erweist^).   Die  Fldssigkeiten  werden  dazin 
vielfach  noch  in  tropf  bare  Fliissigkeiten  nnd  Gase  eingeteilt,  wobei  das 
Mafi  der  Zasammendrfickbarkeit  das  Eennzeichen  bildet.  Im  Nachfolgen- 
den  soil  nnter  einer  FlQssigkeit  stets  eine  tropf  bare  verstanden  werden. 
Eine  solche  bat  die  Eigenschaft;  ibr  Volumen  unter  der  Einwirkung 
aofierer  Krafte  unr  unwesentlich  zn  verandem.  In  den  bewegien  Fltlssig- 
keiten  stehen,  wie  scbon  angedeutet,  nicbt  mehr  samtliche  AuBenkrafte 
senkrecht  zu  denUmgrenzungsflachen;  man  bezeichnet  daher  die  Fliissig- 
keiten der  Natur  vielfach  als  ^^zahe'^  oder  „klebrig^^  Zum  Unterschiede 
von  der  Hydraulik,  welche,  wenn  sie  die  Zahigkeit  nicbt  berdcksichtigt^ 
sie  nur  als  im  Einzelfalle  veruacblassigbar  betrachtet,  befafit  sich  die 
Hydrodynamik  im  engeren  Sinne  nur  mit  ,,vollkommenen''  Fliissigkeiten^ 
d.  h.  sie  nimmt  grundsutzlich  an,  dafi  es  auch  in  bewegten  Fliissigkeiten 
keine  Scberkrafte  gebe,  also  alle  Bewegungen  reibungslos  erfolgen.  Frei- 

1)  0.  Lehmann  (Die  scheinbar  lebenden  Kristalle,  EBlingen  1907,  S.  68) 
glaubt  Bogar  Krifltalle  beobachtet  zn  haben,  welche  in  einer  Richtong  eine  Schnb- 
Elastizitfttsgrenze  beBitzeD,  ak  wSlren  sie  feat,  und  senkreclit  dazu  nicbt,  als  waren 
«ie  flilBBig. 

Vorohhaimer:  Hydrmalik  1 
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lich  wurde  diese  strenge  Scheidnng  schon  frQhzeitig  yerlasseii;  um  der 
mehr  aufierlichen  Platz  zu  machen^  nach  welcher  die  Hydraulik  mehr 
die  Forderung  der  praktischen  Anwendbarkeit,  die  Hjdrodjnamik  mehr 
die  naturwissenschaftlich-mathematische  Forschnng  zum  Ziele  hat.  Die 
Tatsache,  dafi  in  ruhenden  Fliissigkeiten  jede  Aufienkraft  die  Oberflache 
des  betreffenden  Teilchens  senkrecht  trifPt^  hat^  wenn  man  die  Masse 
als  zusammenhangend  und  gleichformig  betrachtet^  wie  in  der  Mechanik 
fester  Eorper  gezeigt  wird,  zur  Folge,  dafi  die  auf  die  Flacheneinheit  der 
Oberflache  eines  nnendlich  kleinen  z.  B.  kagelformigen  Teilchens  wir- 
kenden  Aufiendruckkraffce  gleich  grofi  sein  mtissen.  (Die  Eugel  wird  also 
von  alien  Seiten  gleich  stark  gedrdckt.)  1st  das  Teilchen  nicht  mehr  nn- 
endlich klein^  so  trifiFt  dies  aber  nicht  mehr  zn,  indem  dann  die  mit  der 
dritten  Potenz  der  Lange  wachsenden  Massenkrafte  (z.  B.  das  Gewicht 
des  Teilchens)  nicht  mehr  gegenilber  den  nnr  mit  der'zweiten  Potenz 
wachsenden  Oberflachendriicken  vernachlassigt  werden  dtirfen.  Die  Gleich- 
formigkeit  im  kleinsten  Bezirk  ist  fibrigens  nnr  eine  bildliche  Yorstel- 
lung,  denn  in  Wirklichkeit  besteht  die  Masse  aus  MolektLlen^  die  durch 
ihre  Stofie  (unter  dem  Mikroskop  noch  sichtbare)  Schwebeteilchen  in  die- 
nach  ihrem  Entdecker  benannte  jBraunsche  Wimmelbewegnng  yersetzen. 

I.  HydroBtatlk. 

2.  Frinsip  des  Archimedes.  Hydrostatisches  Faradoxon.  Pasoal- 
soher  Sats.  Die  Hydrostatik  nahm  ihren  Anfang  mit  Archimedes^  der 
seiner  auf  nns  herabgelangten  Schrift  fiber  schwimmende  Eorper^)  den 
Grundsatz  yoranstellte^  dafi  in  einer  FlQssigkeit  der  starker  gedrtlckte 
Teil  den  weniger  gedrfickten  in  die  Hohe  treibe  nnd  dafi  jeder  Teil  yon 
der  senkrecht  tlber  ihm  befindlichen  Fliissigkeit  gedrtlckt  werde.  Simoit 
Stevin*)  erweiterte  den  Archimedischen  Satz  zum  sogenannten  hydro- 
statischen  ParadozoU;  namlich  dahin,  dafi  der  Druck  auf  eine  wagrechte 
Bodenflache  dem  Gewicht  einer  auf  ihr  lastend  gedachten  lotrechten 
FlUssigkeitssaule  auch  dann  gleiche,  wenn  tatsachlich  nur  eine  geneigte 
oder  gewundene  Saule  yorhanden  sei.  Auch  gab  er  bereits  an,  dafi  der 
Druck  auf  eine  geneigte  Wandflache  ebenfalls  der  Tiefenlage  unter  dem 
Wasserspiegel  entspreche.  Dafi  der  Druck  durchweg  rechtwinklig  zur 
Wand  seiy  nahm  er,  wie  es  scheint,  als  selbstyerstandlich  an. 


1)  Die  Schrift  hat  sich  in  lateinischen  O^bersetzungen  vollst&ndig  unter  dem. 
Kamen  ,,De  iis  quae  in  humido  vehxmtur"  und  &hnlichen  t}ber8chriften  erhalten, 
der  Anfang  mit  dem  vorangestellten  GrundBatz  auch  griechisch.  J,  L.  Hetberg, 
Aichimedis  opera  omnia,  vol.  2,  Lipsiae  1881  in  der  Bibliotheca  Teubneriana. 

2)  S.  Stevin^  de  Beghinselen  des  Waterwichts,  Leyden  1686;  franzOsische 
'Dbersetzung  in  S.  Stevin^  CEuvres  math^matiques,  Leyden  1634.  ^ 
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Pascal^)  f&gte  dann  hinzu,  dafi  ein  an  der  Oberflache  einer  Fldssig- 
keit  ausgefibter  Dmck  sich  gleichmafiig  nach  alien  anderen  Punkten  der 
FlQssigkeit  yerbreite^  wenn  diese  nicht  answeichen  kann.  Nach  diesen 
Lebren  betragt  derNormaldruck  auf  ein  in  der  Tiefe  jer  unter  dem  Spiegel 
befindlicbes  Flachenelement  dF,  wenn  die  Fliissigkeit  das  Eigengewicht  y 
besitzty  das  beifit  ibre  Ranmeinbeit  y  wiegt^  und  wenn  der  Spiegel  unter 
einem  Drack  p^  stebt,  der  z.  B.  dnreb  ein  Oas  oder  eine  Scbicbt  einer 
anderen  Fltissigkeit  bervorgerufen  werden  kann, 

(1)  pdF^p^dF+yedF. 

Die  Auffassnng  wird  vereinfacbt,  wenn  man  den  von  der  eigentlicben 

FlUssigkeit  (z.  B.  dem  Wasser)  berrUbrenden  Druck  und  den  von  dem 

iiberlagemden  Stoff  (z.  B.  der  Luft)  erzeugten  gesondert  betracbtet  und 

unter  p  nur  ersj^eren  yerstebt,  denn  dann  gebt  (1)  in  die  Docb  einfacbere 

Gleicbung 

(la)  pdF^yedF 

fiber. 

3.  Eigengewiohtey  Luftdmok.  Das  Eigengewicbt  yon  destilliertem 

Wasser  ist  bei  4®  Celsius  am  grdBten  und  das  Gewicbt  eines  cm'  solcben 

Wassers  liegt  unter  der  Benennung  1  g  unserem  Gewichtssystem  zu- 

grunde.  Das  Eigengewicbt  yon  Quecksilber  betragt  13;59  g  cm"  *  bei  0^  C. 

Der  Luftdruck  ist  an  der  Meeresoberflacbe  durcbscbnittlicb  so-  grofi, 

daB  er  im  Quecksilberbarometer  eiuer  Quecksilbersaule  yon  760  mm  Hobe 

und  0®  C  das  Gleicbgewicbt  bait.   Hiemacb  ergeben  sicb  nacbstebende 

Umrecbnungstabellen : 


QueckBilbers&ule 

Wasseisftnle  von  4  ^  G                 Atmosph&ren                   von  0  ^  G 

m 

cm         none  ••  kg/cm* 

alte                     cm 

1 

100           0,1 

0,0967             7,355 

0,01 

1           0,001 

0,000967          0,0736 

10,0 

1000           1 

0,967              73,55 

10,333 

1033,3        1,0333 

1                    76,0 

0,1359 

13,6        0,0136 

0,0131              1 

Das  Eigengewicbt')  des  Wassers  andert  sich  mit  der  Temperator 

wie  folgt  in  gcm~' 

1. 

• 

- 10«         0« 

lO"            20" 

30«            40«           50» 

0,99815    0,99987 

0,99973    0,99823 

0,99567    0,99224    0,98807 

60»           70" 

SO"           90* 

lOOo         150«         2000              , 
0,9584      0,9173      0,8628          ,     ; 

0,9^33      0,9778 

0,9718      0,9653 

1)  B.  Pascal^   Traits  de  I'^quilibre  des  liqueurs,   Paris  1668;    (Eavres  de 
Taaeal  4,  Paris  1819. 

2)  F,  Auerbach  im  Handb.  d.  Physik,  2.  Aufl.  1,  Leipzig  1908,  S.  171. 

1* 
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Das  Eigengewicht  des  Eises  betragt  in  gcm"^  bei: 

0^  — 10^  -  20® 

0,9167  0,9186  0,9203 

Gber  das  Eigengewicht  nattLrlicher  W&Bser  sind  trotz  zahlreioher  chemischer 
Analyflen  nor  sp&rliche  Angaben  aufzufinden.  G.  TarriceUi^)  behaupiet,  dafi 
grofie  Hochw&sser  meistens  0,07  Baumteile  Schwebestofife  fOluen  nnd  dann 
1020  kg  m" '  wiegen,  falls  es  sich  nm  Lebm  u.  dgl.  handelt.  Andeierseits  h&tten 
Yersuche  gezeigt,  dafi  trdbes  Wasser  in  Weihern  h9.iifig  ein  Gewicht  von  1015 
bis  1200  kg  m*'  babe.  Auf  viel  geringere  Zahlen  fQhren  die  unten  in  §  187 
enthaltenen  Daten  iiber  Schlammi'ttideraDg  in  FlCissen.  Dementsprechend  gibt 
M.  Merriman  *)  an,  dafi  das  von  den  gelOsten  and  den  schwebenden  Stoffcn,  sowie 
Ton  der  Temperatur  abh&ngige  Eigengewicht  des  FluBwassers  gew5hnlich  zwi- 
schen  997  nnd  1001  kg  m~ '  liege  nnd  im  Mittel  zn  1000  zn  sch&tzen  sei.  Bei 
MineialwSAsem  habe  man  schon  1004  gefdnden.  Das  Eigengewicht  der  Abwftsser 
amerikanischer  StIUlte  steige  Ton  1000  bis  1004,  das  der  europSischen  AbwUsser, 
weil  sie  weniger  verdfLnnt  sind,  etwas  h5her. 

Das  Salzgehalt  des  Meerwassers ')  beti3.gt  an  der  Oberfl&che  in  Promille 
durchschnittlich 

im  Atlant.     im  Indischen     im  Stillen       in  der  Ost-       im  Mittel-       im  Boten 
Ozean  Ozean  Ozean  see  meer  Meer 

S5,4  34,8  84,9  7,8  84,9  38,8 

nnd  nimmt  gegen  die  Pole  bin  ab.  Das  Eigengewicht  nimmt  fur  jedes  Tansendstel 
Salzgehalt  um  ungef&hr  0,0008 gem"'  zn,  so  dafi  es  bei  0^  G  nnd  86  Promille 
Salzgehalt  1028  kg  m~ '  betr&gt.  Der  Qefrierponkt  solchen  Meerwassers  liegt  bei 
— 1,9  ^C,  doch  sind  Unterktihlongen  ha,nfig. 

Zusammendrficknng  yergr5fiert  das  Gewicht;  doch  ist  der  Elastizit&tsmodnl 
desWassers  sehr  hoch,  n&mlich  20700kgcm~',  so  daB  selbst  in  100  m  Tiefe  das 
Eigengewicht  von  z.  B.  1,0  nnr  auf  1,0005  g  cm*" '  wachsen  wiirde. 

Die  BescUennigung  der  Schwere  (Fallbeschleunignng)  betragt  in 
Meereshohe  am  Pole  9,832,  am  Aqaator  9,781  msec~*  und  wird  f!lr  je 
100  m  Hohe  nm  0,0003  msec~'  kleiner.  Sie  wird  im  ganzen  Bnche  in 
dblicher  Weise  mit  g  bezeichnet  nnd  zu  9,81  msec*  angenommen. 

4,  Draok  auf  ebene  Fllk^hen.  Aus  (la)  folgt,  dafi  der  Wasserdmck 
auf  eine  ebene  Flache  F  durch  das  iiber  die  ganze  Flaehe  erstreckte 
Integral 

(2)  fpdF^yfzdF 

dargestellt  wird.  Hat  die  Ebene  der  Pigur  F  eine  Neigung  v,  nnd  wer- 


1)  Qiomale  del  genio  ciTile  (4)  6  (1886),  8.  611.  Halbfldssiger  Schlamm  einer 
Grazer  Basaltschotterstrafie  wog  1840  kg  m~'. 

2)  Treatise  on  hydraulics,  8.  Aufl.,  New-York  1909,  S.  8,  19. 

3)  NHheres  in  0.  KrUmmel,  Handbnch  der  Ozeanographie  1,  Stuttgart  1907, 
S.  241,  833,  499. 
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den  mit  y  die  Entfernongen  von  d«r  Geraden  bezeichnet,  in  welcher  die 
Figorebene  den  WasserBpiegel  Bcbneidet,  so  gilt 

iF  —  y  sin  V 
nod  daber,  wean  man  mit  e  das  y 
des  Schwerpnnktes  der  Fignr  F 
bezeicbnet 

(3)  fpdF'^yamvfydF 

—  y  eF  sin  v , 
■worin  e  sin  V  die  Tiefenlage  des 
Scbwerpunktes    darstellt.    Hier- 

nach  ist  der  Wasserdmck  auf  eine  ebene  Flacbe  gleicb  dem  Produkte  aus 
Eigengewiekt,  Flaekengrofie  and  Tiefenlage  des  Flachenschwerpanktes.  Der 
resoltierende  WasBerdnick  greift  aber  nicht  stw^a  im  Schwerpunkte  an. 
Han  erhalt  nacb  den  R^eln  der  Statik  den  Abstand  a  des  Angriffs- 
punktes  von  der  Spiegelschnit^eraden,  indem  man  die  Snmme  der  eta- 
tiscben  Momente  der  Einzeldrucke  dnrch  die  Dntcksumme  dividiert.  Es 
ist  biemacb 

(4)  a  —fr  ye  dF  ify  e  dF  —fy*  dF  :fy  dF. 

AuB  (4)  folgt  bei  der  BezeicIinni^^Bweise  der  Abbildnngen  fUr  ein 
Rechteck,  einen  Ereie  and  ein  Trapez 


\'^  *.  €'}'  2[y,(6i+8i'.)+y.(2().+6,)] 


1.  Ptli  TaUpeiren  oder  dort,  wo  bei  hOheren  Waueratanden 
ein  Backertan  xan  Oberlieger  zd  befilrcbteii  ist,  aiud  den  Stauepiegel  Bclbstt&tig 
anf  konatanle  HOhe  bnltende  Stan- 
klappea,  iibei  die  Aba  WMser  Qber- 
mit,  von  Vorteil.  Eine  derartige 
Aniage  kann,  wie  nebeoBtehend  skiz- 
liert,  in  der  Weise  aaigefClbrt  wer- 
den,  daS  die  nm  eine  feste  Acbse  0 
drehbate  8tankl&ppe  mit  Hilfe  eines 
anf  beatimnitei  Babnknrre  laufeaden 
GcgengewicbteB  P  im  Gteicbgewichta 
gehalten  wild  imd  ein  in  A  an  der 
Staaklappe    befeitigter   Seilzog    die 
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yon  der  jeweiligen  Bahnneigang  abhSjigige  Gewichtskomponente  S  dbertr&gt. 
Das  gefoiderte  Gleichgewicht  herrscht,  wenn^) 

8  '  H:^  Ga<iosa+  Mb 

ist,  worin  G  das  Gewicht  der  Elappe,  M  das  Moment  des  Wasserdraokes  um  O 
pro  m  Klappenbreite  und  h  die  Breite  der  Stauklappe  bedeutet.  Nach  Gl.  (3) 
und  (4)  ist 


M 


JST— iTsina 


J     sin  a 


sin  a 


und  daher 


S  =  n^r^«  C08  «  H g—  (8  —  2  sin  a)l . 


Dieser  Bedingung  kann  dnrch  eine  entsprechend  geformte  Bahn  far  das  Gegen- 
gewicht  P  genQgt  weiden. 

2.  Die  Stemmtore  bei  Eammerschlenfien  werden  zum  Zwecke  eines  selbst- 
t&tigen  Abschlasses  nnter  einem  Winkel  a  zur  Schleofienachse  geneigt.  •  Es  ist 

das  gdnstigste  a  za  ermitteln.     Ist  H  die  Wassertiefe  am 
Drempel,  so  rufen  die  in  der  Eammerachse  am  FlCigelende  dber- 

D     ^         b       g' 
^  4  sin  a 


tragenen  Wasserdriicke   -- 


2 


P  =^  5.  tg  a 
2     * 


2 
ybH* 


eine  Enickkraft 


8  cos  a 

im   Torfltigel    hervor.      Dessen    Beansprachang 

^    wird  Bonach  durch  eine  gleichm&Bige  Belastang 
2  ffi 

p  ^^  y  ——-  UDd  dnrch  die  Enicklast  erzeugt  and 

betr&gt,  wenn  F  den  TrSgerqaerschnitt  und  M  das  mazimale 
Biegangsmoment  and  W  das  Widerstandsmoment  bedeutet, 

P    .    M^         ybH*      ,     yb*H^       1 


^«  p  + 


+ 


SFcosa    '    64sin«a      W 

woraus  sich  for  ein  gegebenes  H^  b  and  ein  angenommenes  F  and  W  ein  Mini- 
mum for  die  Beanspruchong  c  bei  einem  Winkel  a  ergibt,  der  aus  der  Gleichung 

ybH*    sin  a         y6'jff'  cos  a 


dc 

0 

aa 


%F 


cos' a 


82  TT  sin"  a 


bestimmt  werden  kann. 


5.  Druok  anf  gekTommte  Flftohenu  Eine  unter  Wasser  befindliche 
Flache  F  kann  durch  weitere  Flachen  Fj,  2^^,  . . .  zu  einem  Korper  er- 
ganzt  werden.  Der  Wasserdruck  auf  F  mnB  dann  nach  den  allgemeinen 
Regeln  der  Statik  die  Besultierende  aus  dem  Eorpergewichte  und  den 
auf  JPi,  i^,,  ...  wirkenden  WaBserdrucken  sein,  Ist  der  Korper  klein 
genug,  so  kann  man  sein  Gewicht  vernachlassigen  uud  den  Wasserdruck 
auf  F  einfach  als  Mittelkraft  der  Drucke  auf  F^,  F^,  ,  .  .  betrachten. 
Daraus  geht  hervor,  daB  man  sich  jede  Flache  durch  unendlich  yiele 


1)  F.  Schaffemak,  bisher  unverOffentlicht. 
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kleine  Staffein  (tlbrigens  auch  durcli  Yielkante)  ersetzt  denken  kann. 
Bestehen  nun  die  Staffein  ans  drei  Scharen  aufeinander  senkrechter 
Ebenen  and  zwar  einer  wagrechten  und  zwei  lotrech- 
ten,  80  kann  man  die  lotrechten  Staffelflachen  senk- 
recht  ZQ  sich  selbst  (also  wagrecht  in  der  Richtung 
ihres  Wa-sserdrnckes)  yerschieben,  ohne  den  Wasser- 
dmck  in  bezug  auf  GroSe  nnd  Lage  zn  ftndern.  Man 
kann  also  die  wagrechte  Teilkraft  des  auf  eine  belie- 
bige  Wandung  wirkenden  Wasserdruckes  finden^  in- 
dem  man  letzteren  auf  zwei  zueinander  senkrecbte  Ebenen  projiziert  und 
die  Wasserdrilcke  auf  die  Projektionen  aufsucht 
und  vereinigt.  Die  lotrechte  Teilkraft  des  Wasser- 
druckes stimmt  dem  Archimediscben  Gesetze  ge- 
maB  mit  dem  Gewichte  des  lotrechten  Zylinder- 
trumes  fiberein^  das  unten  von  der  gegebenen 
WandflachC;  oben  vom  Spiegel  begrenzt  wird. 

Beiapiel*):  Pflr  besondere  Zwecke,  wie  z.  B.  far  Abschlasae  von  Flofigassen 
Oder  Taibinenkammem,  eignen  sich  zylindziBche  Segmentwehre,  welche  in  die 
Sohle  versenkt  oder  iiber  den  WMserspiegel  gehoben  werden  kOnnen.  Legt  man 
wie  in  nebenstehender  Skizze  die  Drehachse  des  VerschlusseB  in  die  Zjlinder- 
achse,  so  schneidet  die  Besoltieiende  des  WasBerdnickeB  Bie,  wenn 


•«•-» 


,.'(-i) 


W.Sp. 


n 


^Y 


=  2-  — =  0,429, 


flomit  a  »  28*  13' 10"  iBt;  in  diesem  Falle  betr&gt  die 
Betoltiezende 


COB  a 


1.08  y  ^ 


und  ist  bei  Anfriohten  des  Wehres  nnr  das  Moment  des 

EigengewiohteB  nnd  daB  der  Zapfenreibong  zn  fiber- 

winden.  Wird  die  Drehachse  in  die  Entfernung  e  von  der  Besnltierenden  verlegt, 

90  tritt  ein  positiveB  oder  negativea  Zusatzmoment 

l,08r-Ye-rj[«-(Y-2)a!]-yy(*  +  0,429a;) 

fainzn.  Derartige  7erBchiebungen  der  Achse  empfehlen  Bich,  wo  aus  konstraktiven 
Gr&nden  eine  Yermehrong  oder  Yermindemng  deB  Habmomentee  nOtig  oder  wo 
eine  beatimmte  Lage,  z.  B.  tiber  Hochwasser,  der  DrehachBe  vorgeBchrieben  iat. 

6.  Spiegelverlauf.  Die  bisber  entwickelten  Beziehungen  betreffen 
nnr  Flflssigkeiten,  die  sich  in  vollkommener  Ruhe  unter  Einwirkung 
paralleler  Schwerkrafte  befinden.  Schon  Archimedes  ging  einen  Schritt 
weiter,  indem  er  auf  die  Kugelgestalt  der  Erde  RUcksicht  nabm  und  die 


1)  F.  Schaffemak,  bisher  unverOffentlicht. 
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Spiegel  als  Eugelflachen  bezeichnete.  AUgemein  betrachtet  ist  der  Spiegel 
nnter  einem  gleichformig  drQckenden  Gas  eine  Flache  gleichen  Druckes. 
Es  darf  sich  also  derDruck  p  (der  vermoge  der  Grundeigenscliaft  ruhen- 
der  FlUssigkeiten  aaf  alien  Seiten  gleich  groB  ist)  langs  eines  Spiegels 
nicht  andem.  Da  nun  der  Druck  in  der  Richtung  der  Massenkrafte  zu- 
nimmt,  andert  er  sich  senkrecht  zu  deren  Richtang  nicht  und  folgt,  daft 
jede  Spiegelflache  senkrecht  zu  den'  Massenkraften  yerlauft^).  Das  gilt 
auch  noch  bei  EinfUhrung  yon  Zusatzkrilften  fUr  bewegte  FlUssigkeiten. 
£s  lautet  dann  die  Gleichung  der  Spiegelflache 

^^^  Ji Z' 

wobei  X  und  Z  die  Komponenten  der  Resultierenden  aus  den  Massenkraften 
und  Zusatzkraften  im  Sinne  des  d'Alembertschen  Prinzipes  darstellen. 

fieispiele:  1.  Wird  ein  mit  Wasser  gefullter  Trog,  wie  es  bei  Schiffshebe- 

dv 
werken  geschieht,  mit  einer  Beschleunigung  v^=^  -  -  aaf  einer  unter  dem  Win- 

OlV 

kel  a  geneigten  Ebene  bewegt*),   so  ergibt  sich  die  Neigung  ^  des  Spiegela 

(als   Mittellage   der   aoftretenden   Schwingungen),   weil 

X ■=  —  tf'  COB  a,   Z=  —  g  —  t7'Bina    und   nach   Gl.  (6> 

dz  v'coBa       .  ,       ., 

iBt,  nut 


dx 


g-\'V'  sin  a 

jj  =  arc  tang 


V  cos  a 


g-^-v  sin  a 

2.  Dreht  sich  eine  FluBsigkeit  mit  ihrem  GefS.fie  nm  eine  lotre<^hte  Achse 
mit  konstanter  Winkelgeschwindigkeit  a> ,  so  wirkt  anf  jedes  nnmittelbar  nnter 

dem  Spiegel  liegende  Teilchen  die  Schwere  G  nnd  die 


Fliehkraft 


Fliehkrafb 


G 


ai*x. 


Es  folgt  also  nach  Gl.  (6) 
G(o*x 


dz 
dx 


m^x 


G  g    ' 

Oder,  wie  die  Integration  seigt,  wenn  man  fur  x  sae  Q^ 
also  fur  den  Punkt  in  der  Achse  z  =^  0  sein  l&Bt, 


oa'a;* 


^9 

wonach  der  Spiegel  einer  in  Umiauf  gesetzten  Flussigkeit,  sobald  infolge  der 
Elebrigkeit  alle  FlQssigkeitsteilchen  glcicbe  Winkelgescbwindigkeit  erlangt  baben^ 
sicb  als  Mantelfilkbe  eines  Umdrebungsparaboloides  einstellt'). 


1)  Dies  war  d^Alemhert  bekannt:  Essai  de  la  resistance  des  fluides,  Paria 
1752.  Die  ersten  Spuren  dieses  Ergebnisses  finden  sicb  in  Huygens^  dissertatia 
de  causa  grayitatis,  opera  reliqua  2,  Amsterdam  1728. 

2)  Ygl.  A.  Budau,  Kurzgefafites  Lebrbuch  der  Hydraulik,  Wien  n.  Leipzig 
1918,  S.  62. 

3)  Die  Fl&cben  gleicben  Druckes  sind  mit  dieser  Oberfl'dcbe  kongruent* 
2>.  Bernoulli^  Hjdrodynamica,  Strafiburg,  S.  246. 


7.  Eulersche  Gleichungen 


3.  Denkt  man  sich  das  Gef&fi  BtiUstehend,  die  Fliissigkeit  jedoch  mit  einer 
for  alle  Teilchen  gleichen  Geschwindigkeit  it  bewegt,  so  hat  man  den  praktisch 
wichiigen  Fall  der  Wasserbewegung  in  einer  Flufikrummung ').   Nach  Gl.  (5)  ist 

de X         g    X 

dx 


gde^u'  —  . 


z 
I 


Z  G 

also  gg=^u*  log  nat  x  -f  konst.  FtLr  x^  E^ 
nnd  SbbO  ist  zugleich 

0  =B  «'  log  nat  B^  -f  konst. 

Also  folgt 

e  - 


-—  log  nat  -=- 
9  -«i 


ar 


nnd  somit  die  Oberhdhang  h  in  einer  FlnfikrHmmung  (in  Briggschen  Logarithmen 
angeschrieben)  mit: 

h  =  2,80  —  (log  i2,  >-  log  Bi). 
9 

4.  Findet  die  Drebnng  der  Flussigkeit  um  eine  wagrechte  Achse  statt,  wie 

dies  beispielsweise  bei  Wasserr&dem  der  Fall  ist,  so  hat  man  nach  Gl.  (6)  die 

Integration  von 

_G 

dx 


m'r  cos  a 

9 


Z 


—  G  A al^r  sin  a 

9 


oder,  da  XT  SB  r  sin  a,  a;  ss  r  cos  &  ist,  von 


dz 


—  (D'a? 


dx       — g-\-o)}z 


dnrchznfilhren.    Es  folgt  sonach 

«'  +  (^ ^)  =  konst. , 

Oder,  dafi  die  Spiegel  in  den  einzelnen  Zellen  des  Rades 
EreiszylinderflEchen  bilden,  deren  gemeinschaftliche  Achse 

im  Abstande  -^  parallel  zor  Radachse  liegt*). 


n.  Die  gmndlegenden  Beilehnngeii  der  Hydranlik. 

7.  Enlersohe  Gleiolmngen.  FUr  das  Yerhalten  Yollkommener  Flus- 
sigkeiten  stellte  L,  Eider  Gleichungen  auf^  welche  man  auch  anf  reibend& 
Fltlssigkeiten  anwenden  kann^  sofem  man  bei  letzteren  im  besonderen 
Falle  dieBeibongyemachlassigen  darf,  und  welche  Qbrigens  durchHinzu- 
fUgung  weiterer  Qlieder  zu  Ausdrticken  werden,  die  fiir  reibende  FlUssig- 
keiten  zutreffen.  Es  werde  ein  parallelepipedisches  Teilchen  dx  dy  dz  be- 

1)  F.  Grashof,  Maschinenlehre  1,  Hydraulik,  Leipzig,  S.  765.  Fur  den  Rhein 
nnterhalb  E5ln  zeigte  sich  die  Formal  nach  JR.  Jasmund,  Handb.  d.  Ingenieur- 
wissenschaften,  3.  Wasserban,  1.  Bd.,  4.  Aufl.,  S.  239  im  allgemeinen  verwendbar. 

2)  J.  Weishach,  Lehrbucb  d.  Ing.- n.  Masch.-Mechanik,  1.  Teil  Braunschweig 
1845,  S.  339,  2.  Teil  1846,  S.  188. 
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n.  Die  gmndlegenden  Beziehimgen  der  Hydraulik 


trachtet^  in  dessen  Mitte  der  Druck  p  herrsche.  Da  die  beiden  Seiten- 


dx 
2 


flachen  dy  ds  den  Abstand  ±  -^-  von  der  Teilchenmitte  haben,  empf  angt 

die  eine  Flache  einen  Druck 
dp  dx\ 


«?* 


^< 


* 


S 


*-^if<. 


die  andere  einen  Druck 

80  daB  deren  Unterschied 
dp 


^dxdyde 

ox  "^ 

1}etrl^t.  Auf  die  Masseneinheit  des  Teilchens  selbst  wirke  ferner  eine 
Aufienkraft  (z.  B.  die  Schwere),  deren  Teilkiufte  in  der  x-y  y-  und  e- 
Bichtung  X,  Y  und  Z  seien,  dann  wirken  zusammen  nach  der  a;-Rich- 
tung  die  Erafte 

—  J^dxdydjs  +  Xdxdyda^' 

Bezeichnet  man  mit  t  die  Zeit^  mit  u,  v  und  tp  die  Geschwindigkeiten 

nach  den  drei  Eoordinatenrichtungen^  so  betragen  die  Beschleunigungen 

nach  denselben  Bichtungen 

du     dv        J    d%D 
dt>  Tt   ^*  -dt' 


dt 

Diese  Beschleunigungen  konnen  auch  durch  partielle  Differentialquo- 
tienten  ausgedrdckt  werden.  Ware  die  Bewegung  stationary  d.  h.  nur 
Yom  Ort^  nicht  yon  der  Zeit  abhangig^  so  wtirde  wahrend  der  Zeit  dt 
das  Teilchen,  das  die  Geschwindigkeiten  u^  v  und  w  besitzt^  um  udt 
nach  der  a;-Richtung,  um  vdt  nach  der  j^-Richtung  und  um  wdt  nach 
der  jgr-Richtung  weiterriicken^  und  daher  wegen  der  OrtsTeranderung 
die  Geschwindigkeit 

(6) 


t    J  .    du       jn  ,  du 

•*   dx  dy 


vdt  +  ^-'todt 

'   de 


in  der  o^-Richtung  erlangen.  Bei  nicht  stationarer  Bewegung  sind  zwar 
die  in  der  Zeit  dt  zuriickgelegten  Wege  etwas  anders  als  eben  angegeben 
—  weil  tt,  V  und  w  in  der  Zeit  dt  nicht  die  alten  Werte  behalten  — , 
aber  die  Unterschiede  sind  unendlich  klein  im  zweiten  Grade,  so  dafi  (6) 
bei  behalten  werden  konnte,  wenn  nicht  die  Yeranderung  hinzukame, 

die  tt  an  Ort  und  Stelle  erleidet  und  die  -^dt  betragt.  Daher  gilt  bei 
nicht  stationarer  Bewegung 

u  +  du  ^u  +  -^dt  +  ^—udt  +  ^-vdi  +  ^-wdt 

ot  ex  oy  ot 


7.  Eulersche  Gleichungen  11 

und  betragt  die  Beschleunigung 

^     ^  dt        dt    ^   dx      ^   dy      ^   de 

Nach  dem  d'Alembertschen  Prinzip  ^)  gilt  hiemach  fQr  die  Erafte  und  Be  - 

^chlenniguugen  in  der  2;-Bichtung 

y  ^      dp       y  fdu   .   du      .   du       '  du    \       r^ 

oder,  wenn  man  zugleich  ebensolche  Entwickelungen  ffir  die  anderen 
Richtungen  yomimmt 


0) 


( 7  -XT      dp        7  (du    ,       du    ,       du.   ,        du\ 
g  dx       g  \dt    '      dx    *      dy    '       de/^ 


g  ds        g  \dt    ^      dx  dy 

Das  sind  die  sogenanntea  EuUr^nhea  Gleichungen^). 

Beispiel:  Man  benutzt  die  an  dem  Massenteilcben  angreifende  Fliehkraft 
in  Sohlendennasohinen  (Zentrifngen)  zur  Trennnng  von  Gemisclien'),  z.  B.  in 
Milchzentrifngen  oder  Separatoren,  zom  Aufrahmen,  d.  i.  zur  AbBondenmg  der 
FettkQgelchen  Yon  der  schweren  Milchflaasigkeit.  Bedentet  y^  das  Eigengewicht 
des  FetteilchenSf  7,  das  der  Miicbfliissigkeit,  m  die  Winkelgescbwindigkeit,  so 
ergibt  sieh  die  nacb  innen  geriobtete,  aafdieFlftcbeneinbeit  wirkendeHorizontalkraft 

dH  =  (|>  +  dp)  —  i*  "~  -^  '*'**'  dr  =  (ip  —  —  m^rdr  und 

weil  dp  ^^  —  a* r  dr  iaty  dH  ^=  — — —  at^r  dr ,    mitbin 
9  9 

«ine  gegen  die  Drebacbse  gericbtete  wagerecbte  Bescbleu- 
nigung 


dHi  Adr  =  ?^^^^=^ 


oi"r . 


9  71 

Bei  dem  sonat  tiblicben  Au&abmen  darcb  ^Absetzen*^  bewirkt  nur  der  Auftrieb 
{7,  —  yi)dr  eine  (lotrecbie)  Bescblennignng 

9 

Das  Verbaltnis  ^llUli  m^r  :  ^'""^'  ^  =  —  zeigt  die  tJberlegenbeit  der  Zentri- 

1)  Das  Prinzip,  das  wir  beute  nacb  d'AJenibert  benennen,  ist  eigentlicb  erst 
TOn  Lagrange  (M^caniqne  anal.  (1811),  Bd.  1  Djnamik,  Sect.  1,  Art.  11)  zur  all- 
gemeinen  Anwendung  gebracbt  worden.  In  seinen  AntUngen  kann  es  aber  scbon 
auf  Jaco&  Bemoufff  znrtickgefubrt  werden.  Vgl.  E.  BUhring^  Kritiscbe  Gescbicbte 
der  allgemeinen  Prinzipien  der  Mecbanik,  Berlin  1873,  S.  805. 

2)  Berlin,  Hist,  de  TAcad.  1766. 

8)  J.  TFeis6a<As  Lebrbucb  d.  Ing.-  u.  Mascb.-Mecbanik,  beransg.  v.  G.  Herr- 
mann^ 8.  Teil,  1.  H9Jfte,  2.  Aofl.,  Braonscbweig  1896,  S.  742. 


12 


II.  Die  grundlegenden  Beziehangen  der  Hydxaolik 


fnge.    Beispielsweise  wtLrden  swar  bei  r  =»  0,1  m  und  <o  »»  9,9  secj^,  d.  i.  bei 
95  (Jmdrehniigen  in   der  Minute,  beide   Systeme  gleich  gtlnstig  wirken;    aber 


©*r 


wenn  die  Umdrehungszalil  auf  8000  stiege,  so  wflrde  —  ^=  1005  werden,  oder 

infolge  der  Fliehkr&fte  eine  1005  mal   grOfiere  Beschleunigung  als  beim  reinen 
,^AbBetzen"  auftreten. 

8.  Wirbelfreiheit.  Kontinnit&t.  1st  die  Gestalt,  welche  man  einem 
Teilcben  zuweist^  die  einer  Eugel,  so  sind  alle  Erafte  gegen  deren  Mittel- 
pnnkt  gerichtety  weil  infolge  der  YoUkommenen  Glatte  keine  Tangential- 

krafte  an  der  Oberflache  von  den  Nachbarteilchen  aus- 
geiibt  werden  konnen.  Eine  etwaige  Drebbewegung 
des  Teilcbens  kann  also  keine  Anderung  ibres  Momen- 
tes  erfabren,  und  ist  das  Teilcben  in  Rube,  so  kann  es 
zwar  fortgetrieben^  aber  in  keiner  Weise  in  Umlauf 
gesetzt  werden.  Es  kann  sicb  also  ein  nicbt  wirbeln- 
des  EUgelcben  zwar  in  ein  beliebiges  Ellipsoid  und 
weiter  in  ein  neues  Ellipsoid  verwandeln,  aber  die  jeweiligen  Haupt- 
acbsen  mtlssen  stets  parallel  zu  jenen  Durcbmessern  sein^  aus  denen  sie 
nrsprtLnglicb  entstanden^  so  dafi  sicb  beziiglicb  des  Mittelpunktes  die 

Drebmomente  der  zu  den  Hauptebenen 
symmetriscb  gelagerten  Unterteilcben  fort- 
gesetzt  aufbeben.  Bei  der  Yerwandlung 
eines  grofiten  Kugelkreises  in  die  nabebe- 
nacbbarte  Ellipse  sind  fiir  zwei  Ereispunkte 
auf  zueinander  senkrecbten  Halbmessem  A^ 
und  JSj,  von  denen  A^  soweit  vom  ktinf- 
tigen  Endpunkt  A  der  grofien  Halbacbse 
abstebt^  wie  B^  vom  kiinffcigen  Endpunkte 
B  der  kleinen  Halbacbse^  die  Bewegungen 
offenbar  entgegengesetzt,  derart,  dafi  sicb 
'  der  Halbmesser  CA^  um  den  Mittelpunkt  C 

soweit  nacb  recbts  drebt,  wie  der  Halbmesser  CBj^  nacb  links.  Bilden  A^ 
und  B^  die  Scbnittpunkte  von  Geraden^  die  man  durcb  den  Eugelmittel- 
punkt  C  parallel  zur  a;-Acbse  bzw.  ^-Acbse  gelegt  bat^  so  gilt  also  wegea 
der  Gleicbbeit  der  Drebungswinkel 

du      dv 

—    -   ssa     I         • 

dy       dx 

Findet  keine  Bewegung  nacb  der  jer-Seite  statt,  so  sind  Ellipse  und  Erei& 
flacben-  und  langengleicb^  andemfalls  miissen  die  Unterteilcben  nocb 
strablenformig  vom  Mittelpunkt  C  fortrUcken  oder  sicb  ibm  nabem^ 
was  obne  Moment  beziiglicb  dieses  Punktes  erfolgt.  Da  man  abnlicbe 
Betracbtungen  wie  fiir  die  zu  x  und  y  parallele  Ebene  aucb  fQr  die  an- 


8.  Wirbelfreiheit.  Eontinuitat.    9.  Das  Potential 
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0 


deren  Richtungen  wiederholen  kanii;  lautet  das  Ergebnis^  dafi  fUr  wirbel- 
fireie  Verwandlungen 

^  ^  dy       dx 

gelten  mnfi^).  Nebenbei  bemerkt  gilt  statt  dessen  fQr  reine  Drehtmg 
mit  oder  ohne  Parallelverschiebang;  aber  ohne  GestaltsTeranderung,  wie 
man  sich  imscbwer  dberzeugen  kann^ 


0, 


du       dw        ^         dv        dw 
dz        dx  '       dz        dy 


<8a) 


du       dv        r. 


du   ,   dw  J_  ^ 
dz^'dx''^^ 


dv    ,   dw_ 
dz    '    dy 


0. 


Da  die  tropfbaren  Fltissigkeiten  fQr  alio  folgeDden  Berechnungen 
als  nnzasammendrQckbar  gelten,  mflssen  ibre  Formanderungen  obne 
Yolnmandemng  vor  sicb  gehen.  Ein  kleiner  Block 
dxdydg  wird  nun^  well  seine  Endflacben  ver- 
scbieden  rasch  vorscbreiten,  in  der  Zeit  ^^  in  der 

^-Ricbtung  urn  ^-dxdt  langer.   Es  rndssen  also 

v  X 

die  gleicbzeitigen  Anderangen  x—  dydt  und  -w-  dz  dt 
derart  sein,  dafi  der  Rauminbalt 

du.^.X    /...  .  dv  ,.,A    (..  .  ^^d0dt)^dxdydz 


[dx  +^^dx  dt)  •  (rfy  +  IJ  dy  dt)  .  [dz  + 


dz 


bleibt,  oder  dafi  bei  Vemachlassignng  nnendlicb  kleiner  Grdfien  boberer 
Ordnong  stets 

<9) 


dx"^  By  "^  dz  ^ 


ist.  Die  Forderung  unveranderlicben  Rauminbaltes  beifit  Eontinuitats- 
oder  Raumbedingung  und  die  Gleicbung  (9),  welcbe  bei  vielen  Betracb- 
tnngen  wiederkebrt,  Kontinuitats-  oder  Raumgleicbung. 

9.  Das  FotentiaL  Wenn  eine  Bewegung  ein  Gescbwindigkeitspoten- 
tial  besitzty  so  bedeutet  dies^  dafi  eine  bestimmte  Funktion  9(x,  y,  z) 
bestebt^)^  aus  der  man  durcb  Differentiation  die  Gescbwindigkeiten  erbalt 
oder  dafi,  in  matbematiscber  Form  gescbrieben, 

1)  Zuerst  Yon  L.  Euler,  Berlin  Hist,  de  TAcad^mie  1756,  S.  292  in  der  Form 
angegeben,  dafi  bei  Rotation  udx  -}-  vdy  -\-  wdz  kein  voUst&ndiges  Diffe- 
rential sei.  Die  Ansdriicke  der  Gl.  (8)  wnrden  von  /.  C.  Maxwell  in  den  London 
Math.  Soc.  Proc.  3  (1871),  S.  224  als  Quirl  (curl)  bezeichnet.  Da  man,  wie  unten 
in  §  114  ansgefiihrt  wird,  von  Wirbeln  spricht,  die  nur  im  innersten  Faden  qnirlen, 
w&re  eigentlich  die  Bezeichnung  „qairlfrei**  besser  als  wirbelfrei. 

2)  Eine  solche  Fanktion  hat  J.  L.  de  Lagrange  eingeffibrt,  Berlin,  Nouv. 
mem.  de  TAcad^mie  1781.  Ihren  Namen  erhielt  sie  viel  spftter.  Die  Einfdhrnng 
einer  Fnnktion,  deren  Differentialquotienten  Krdfte  sind,  in  die  Hydrostatik  ge- 
flchah  dnrch  A.  C.  Clairault,  Theorie  de  la  Figure  de  la  Terre,  Paris  1748. 


14  n.  Die  gmndlegenden  Beziehuogen  der  Hydranlik 

d^  0^  d^ 

ox^  dy  '  oz 

ist.  Nach  den  Begeln  der  Differentialrecfanong  mufi 

a**      a»*      a**      a«*      a**      a»* 


a^ay       dydx^     dxoz       dzdx'     bydz      dzdy^ 

also  gemafi  der  Identitat  der  ersten  Differentialquotienten  mit  den  Ge- 

schwindigkeiten  in  den  Achsenrichtungen 

du       dv       du       dtp       dv       dw 
dy       dx*     dz       dz  ^     dz       dy 

sein.  Die  letzten  drei  Ansdriicke  sind  aber  nach  (8)  als  Kennzeichen  der 
wirbelfreien  Bewegung  erklart  worden.  Wenn  die  Bewegung  ein  Ge- 
schwindigkeiispoteniial  besitet,  so  erfcigt  sie  also  wirbelfrei,  Umgekehrt 
hat  eine  wirbelfreie  Bewegung  ein  Geschwindigkeitspotential.  Bei  Wirbel- 
freiheit  kann  man  die  Eontinuilatsgleicfaung  in  anderer  Form  geben^ 
indem  man  in  ihr  die  Geschwindigkeiten  u,  v  und  w  durch  die  Fnnktion  ^ 
ausdrtickt,  namlicb  in  der  Form 

Andererseits  zeigt  das  Bestehen  dieser  Beziehung  zugleich  an,  dafi  die 
Bewegung  wirbelfrei  vor  sicfa  geht.  Wenn  keine  Bewegung  nach  der 
5-Richtung  stattfindet;  yereinfacht  sich  (10)  und  wird  zu 

Da  die  Geschwindigkeit  in  der  Bichtung  der  beiden  Achsen  u  und  t;  be- 
tragt,  schlieBt  ein  Stromfaden  mit  der  Abszissenachse  einen  Winkel  ein^ 
der  die  Tangente  ^ 

9  v_        ay 

u      a^ 

ex 

besitzt.    Fdr  ein  Element  einer  Kurve  *  =  Konst. 
gilt  andererseits 

a*  ,     ,  a<P  -,        A 

Oder  far  die  Tangente  des  Winkels,  den  dieses  Element  mit  der  Ab- 
szissenachse einsehliefit, 

a^ 

dy 
DaB  hiemach  ,-  der  negative  reziproke  Wert  von        ist,  beweist,  daB 
der  Stromfaden  die  Linie  0  =-  Eonst.  rechtwinklig  schneidet.  Bezeichnet 


A 
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man  Eurven  yon  konstanter  Fnnktion  0  als  Linien  unveranderlichen 
Potentiales  oder  als  Aqnipotentiallinien^  so  lafit  sich  das  eben  Gesagte 
mit  den  Worten  aussprechen^  dafi  die  Stromlinien  die  Aquipotentiallinien 
rechtwinklig  schneiden.  FtLr  die  Stromlinien  mogen  nun  die  Gleichungen 
W  »  Eonst.  gelten.  Dann  gibt  es  der  Funktionen,  welche  alle  diesdbe 
Scbar  Siaromlinien  darstellen^  insofem  nnendlicb  yiele,  als  aucb  jede 
Fnnktion  der  Fnnktion  Wy  wenn  sie  »  Eonst.  gesetzt  wird^  eine  Linie 
der  Scbar  gibt.  Filr  die  Enrven  log  Yx^  +  y^  =  Eonst.  ist  ja  beispiels- 
weise  aucb  Yx*  +  y*  oder  a?*  +  y*  —  Eonst. 

Wenn  man  nun  die  Ebene  mit  ibren  Aquipotentialkurven  als  einen 
Plan  mit  Hobenkurven  deutet^  so  stimmen  die  Gescbwindigkeiten  mit 
den  Qef  alien  der  durcb  den  Plan  dargestellten  Landscbaften  iiberein.  In 
diesem  Sinne  spricbt  man  aucb  yon  PotenticUgefaUe  oder  Grradient.  Die 
Bewegung  findet  langs  der  Linien  starksten  Gefalles  statt^  die  im  Plan 
durcb  die  Stromlinien  wiedergegeben  sind^  und  zwar  gemafi  der  Defi- 
nition des  Potentiales  0  mit  der  Gescbwindigkeit 

wobei  n  zu  den  Aquipotentialkuryen  (Hobenkuryen)  normal  gericbtet 
ist.  Diese  und  die  Stromlinien  zerlegen  die  Planflacbe  in  nnendlicb  yiele 
Recbtecke. 

Es  mogen  nun  nur  jene  benacbbarten  Hobenkuryen  betracbtet  wer- 
den,  welcbe  gleicben  Hobenabstand  (gleicben  Gescbwindigkeitspotential- 
unterscbied  dO)  besitzen  und  nur  jene  Stromlinien,  zwiscben  welcben 
gleicbe  Mengen  durcbfliefien.  Bei  einem  Abstand  dn  der  ''^•' 

Hobenkuryen  und  einem  Abstand  ds  der  Stromungslinien 
betragt  gemafi  (10  c)  der  Durcbflufi^) 

Vds^i^-ds, 

en        ' 

und  wenn  nun  sowobl  Vds  als  aucb  dO  fUr  alle  Recbtecke  gleicb  sein 
BoU^  so  folgt  ein  fdr  letztere  unyeiunderlicbes  Verbaltnis  ds :  dn.  Alle 
Recbtecke  werden  dadurcb  abnlicb  und  so  kann  man  z.  B.  durcb  ent- 
sprecbende  Wabl  des  Hobenabstandes  oder  der  DurcbfluSgroBe  die  ganze 
Flacbe  mit  Hilfe  der  beiden  Euryenscbaren  in  Quadrate  teilen.  Rein 
geometriscb  ist  zwiscben  den  zwei  Euryenscbaren  kein  grundsatzlicber 
Unterscbied,  indem  man  nacb  Belieben  die  beiden  Scbaren  ibre  Rollen 
yertauscben  lassen  kann.  Daraus  gebt  beryor,  dafi  bei  ricbtiger  Auswabl 
der  Fnnktion  V,  analog  (10  a),  aucb 

1)  AuB  einer  analogen  Beziehung  f(ir  wirbelfreie  StrOmung  im  Baume  folgt 
fOr  die  StrOmnngsenergie  innerhalb  einer  geschlossenen  ri9.cfae  die  nnten  abge- 
Idtete  61.  (248  a). 
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<10d) 


gilb  Die  beiden  sich  rechtwinklig  schneidenden  Eurvenscharen^  welch  e 
die  Flache  in  unendlich  viele  ahnliche  Rechtecke  zerlegen  und  ftlr  welche 
die  Differentialgleicfaungeu  (10a)  und  (lOd)  gelten^  werden  haufig  iso- 
ihermische  Kurvenseharen  genannt^),  die  Fnnktion  W  Stromfunktion 
(current-function)  *). 

Eigentflmliche  Beziehungen ')  bestehen  zwischen  komplexen  Funk- 
tionen  und  Potentialfunktionen.  Es  sei 

(lOe)  0  +  iV^  F{x  +  iy), 

wobei  <P  und  W  reelle  Grofien  seien.  Dann  bedeutet  9  den  reellen,  iW 
den  imaginaren  Teil  von  F^x  +  iy):,  zugleich  besagt  der  Ansatz  (lOe), 
dafi  iy  genau  in  derselben  Weise  in  F{x  +  iy)  vorkommt  wie  x  (wie 

das  z.  B.  in  (a;  +  *y)*=»rr*+3»a;*y  — 3a:y*— iy*  der 
Fall  ware).   Die  Strecken  x  and  y  eollen  zueinander 
senkrecht  aufgetragen  werden.  Durch  partielle  Diffe- 
rentiationen  von  (10  e)  erhalt  man 
a(*  +  t9»-)        d{p-\-iW)     d{x  +  iy)       (i(*  +  t!P) 


O 


--a?- 


Hiemach  ist 


Oder 


dx  dipD  +  iy)  dx 

dijP  +  iW)       d{^  +  i^)     d{x  +  iyl 

dy        ^  d{x  +  iy)  "     dy 


d(9  +  tw)  ^  .a(*  +  fV) 


d(x  +  iy)  • 
d{x  +  iy) 


dy 


dx 


d^_  _.    .dy  _     d^,    .  d{i^)  ^  .  a*  _  a  9^ 
dy  dy  dx  dx  dx        dx 

und  da  die  reellen  Teile  links  den  reellen  rechts,  die  imaginaren  links 
den  imaginaren  rechts  gleich  sein  miissen 

a*  ^dy    a*  «=_^^. 

dx        dy  ^     dy  dx 

Partielle  Differentiation  der  beiden  Gleichungen  (lOf)  nach  x  bzw.  y 
liefert 


(lOf) 


1)  Dafi  man  zeichnerisch  von  Fanktionen  ^^  und  <^,  leicht  zu  ^^  ±  4^,  ge- 
langen  kann,  siehe  etwa  bei  H.  Baudisch^  Z.  d.  Gat.  I.  u.  A.Y.  62  (1910),  S.  85. 
Dafi  auch  die  Diagonalen  eines  Qaadratnetzes  wieder  ein  solches  bilden,  siehe 
J^.  PrdMl,  TechniBche  Hydrodynamik,  Berlin  1913,  S.  61. 

2)  Sie  wurde  von  G,  G.  Stokes  eingeftlhrt,  Transactions  of  the  Cambridge 
Philosophical  Society  7  (1842),  S.  489  »  Mathem.  and  Physical  Papers  1,  S.  4. 

8)  Diese  k5nnen  hier  nur  kniz  beruhrt  werden.  Ea  sei  insbesondere  ver- 
wiesen  auf  G.  HoUmiUlery  Einfuhning  in  die  Theorie  der  isogonalen  Verwandt- 
schaften,  Leipzig  1882. 
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ox* "    dx  '    dy*  dy  dx   ' 

wonach 

aa:«  "^  ay*  "  " 
iflt  and  gemafi  dieser  partiellen  Differentialgleichung  O  als  Geschwindig- 
keitspotential  aafgefaSt  werden  kann.  Ebenso  erhalt  man  durch  partielles 
Differenzieren  der  ersten  61.  (lOf )  nach  y  und  der  zweiten  nach  x 

ex'  ■*■  dy*  ^^' 

Jede  komplexe  Fnnktion  von  x  +  iy  gibt  also,  wenn  man  die  Punkfce 
{x,y)  verbindet,  fiir  welche  <&  »  Eonst.  und  U^— Konst.  ist,  Aqui- 
potentiallinieD  nnd  Stromlinien. 

Solcber  Beziehungen  gibt  es  viele.  Man  kann  z.  B.  nachweisen^  daB, 
wenn  man  X  +  iY ^  F(x  +  iy)  setzt  nnd  man  X  wagrecht  und  T senk- 
recht  auffcragty  die  Linien  F(a  +  iy)  und  F{x  +  ib)  isothermische  Scharen 
bilden,  derart,  daB  man  fur  jedes  a  bzw.  b  eine  Linie  der  betreffenden 
Schar  erhalt. 

Die  partielle  Differentiation  yon  ^  +  i  9*"  =  F(x  +  iy)  gibt 

a(^  +  *y)  _  a(^  +  *y)  ^  d{x  +  iy) 

dx  d(X'\'iy)  dx 

oder  weil  der  letzte  Brucb  —  1  ist, 

dx  d{x-\-%y)  ^     '     ^'^ 


Andererseits  ist 


d(9  +  iw)  ^  ag      .  a^ 

dx  dx  dx 


oder  bei  Bertlcksichtignng  von  (lOf)  =»  ^ i  -^ —  Hiemach  gilt 

d{x  +  iy)  \     ^    y/        ^x  dy  ^ 

worin  die  beiden  partiellen  Differentialquotienten  reelle  GroBen  sind^ 
wahrend  JP'(a;  +  »y)  komplex  ist.  Bei  komplexen  GroBen  nennt  man  die 
Wurzel  aus  der  Quadratsumme  der  reellen  und  der  v 

mit  i  multiplizierten  GroBe:  Modul,   Von  F{x  +  iy)  v  \       | 

ist  also  der  \  ^ 

aog)     M.d..--|/("f)Vlf)""  \A-    _ 

Vermoge  der  Definition  des  Geschwindigkeitspoten-  \S*  \ 

tiales  ist  dies  aber  nicbts  anderes  als  die  Summen- 
wurzel  der  Quadrate  der  Geschwindigkeiten  nach  der  x-  und  der  y-Rich- 
tung,  und  das  ist  wieder  die  wahreStr5mungsgeschwindigkeit  F=yt?+t7*. 

Forehlittimer:  Hydranlik  2 
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Der  Modul  des  Differentialquotienten  ist  also  gleich  der  Stromungsgeschwin- 
digkeit  Die  Richtang  der  Stromung  ist  bereits  in  GI.  (10b)  angegeben. 
Man  uiberzeugt  sich  leicht^  daB  die  gleichen  tTberlegangen  aucb  f&r  Funk- 
tionen  von  x  —  iy  gelten. 

Beispiel:  Eine  StrQmung  kann  entweder  einheitlicli  vor  sich  gehen  oder 
derart,  dafi  zwischen  der  strdmenden  Masse  und  denW&nden  Gregenbewegangen 
(Wirbel  des  fiblichen  Sprachgebrauches)  erfolgen.  Will  man  den  Reibungswider- 
stand  vermindem,  so  wird  man  solche  Gegenbewegnngen  zn  yermeiden  tracbten^ 
d.  b.  demgem&fi  die  Wandform  wablen,  wobei  man  sich  die  klebrige  Flussigkeit 
duicb  eine  voUkommene  ersetzt  denken  kann. 

F.  FrdHV)  berecbnete  so  die  Meridianlinien  von  SaugrOhren  fur  Turbinen 
und  Ewar  mit  Hilfe  zylindriscber  Eoordinaten.  Zur  Yermeidnng  von  Umformongea 
seien  bier  orthogonale  Koordinaten  verwendet*)  and  bedacbt,  dafi,  wenn  zwei 
Funk  tionen  ^^  und  $,  die  Differentialgleicbung  (10)  eifdllen,  also  Potentialfunk- 
tionen  sind,  dies  aucb  deren  Summe  tut,  wonacb  aucb  ^  =s  ^^  ^  ^^  eine  Po- 
tentialfunktioD  darstellt.  Man  flberblickt  sofort,  dafi  man  ^j  »=  (— a;*-|- j;S)fi» 
und  (t,  =  ( —  y*  +  ^*)*'*i  ^^80 

setzen  kann.     Die  Differentiation  Ton  ^  liefert  dann  die  Geschwindigkeiten 

dx  cy  ^  cz 

Sobin  stellt  —  x' —  y*+2je:'=  Konst.  die  Gleicbungen  der  Flacben  gleicben 
Gescbwindigkeit^potentiales  und  x*  +  y*+  42*  =»  Eonst.,  da  F*=  u*+ 1?*+ «^* 
ist,  die  Gleicbungen  der  Fl&cben  gleicber  StrOmungsgescbwindigkeiten  F  dar. 
Die  ortbogonalen  Trajektorien  der  Aquipotentialfl&cben  bilden  dann  die  Strom- 
linien.  Aus  Gl.  (10  b)  folgen  die  Differentialgleicbungen  ibrer  Projektionen  auf 
die  XZ'  und  xj^-Ebene  mit 

dx «  X  ,     dx        u  X 

dz        w  2i?  dy        ©         y 

und  bieraus  durcb  Integration  die  Gleicbungen  dieser  Projektionen  mit 

X 

x*z  =  Eonst.    und     —  =  Eonst. 

y 

Durcb  Multiplikation  gebt  dann  weiter  fur   die  Stromfl&cbeiL 
die  Gleicbung 

3C    Z 

ss  Eonst. 

y 

bervor,  nacb  welcber  sicb  das  Wasser  19.ngs  Rotationsbyper- 
boloiden  bewegt.  Daran  wird  nicbts  geandert,  wenn  man  eine 
Stromflacbe,  also  eines  der  Hyperboloide,  durcb  eine  feste  Wand 
ersetzt  und  den  Aufienraum  beseitigt.  In  einem  nacb  der  Leit- 
linie  x^z  ^=^  Eonst.  geformten  Saugrobre  einer  Turbine  fliefit 
also  das  Wasser  obne  GegenstrQmun^  ab"). 


1)  Scbweiz.  Bauz.  41  (1903),  S.  207,  233,  249,  282,  298. 

2)  Diese  abgekfirzte,  bisher  unverQffentlicbte  Darstellung  rubrt  von  F.  Schaf- 
ferndk  ber. 

S)  Der  Eintritt  des  Wassers  in  das  Saugerobr  scbeint  nacb  Beobacbtungen 
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Beispielsweise  sei  die  Mezidianlinie  eines  4in  langen  Saugrohxes,   das  bei 

einer  achsialen  EiDBtr^^mungsgeschwindigkeit  von  4  m  6ec~^  and  bei  einer  gieich- 

gerichteten  AusBtrGnmngBgeschwindigkeit  von  lm8ec~^  eine  Wasseimenge  von 

4m'8ec~^  bew&ltigt,  anf  Grund  der  PrdHlBchen  Annahme  zu  bestimmen.    Mit  e 

nnd   a   als   Kennziffem    fur   den   £in-   und   Anstritt   iet   der   Za-   und    Abfluft 

4,0  =»  re/  «  X  4,0  =  x^  3t  X  1,0  nnd  x^  '^  0,564  m  und  jc^  =  1 ,128  m.    Sohin  besitzt^ 

well  z^^  10  :4m  gefonden  warde,  die  Gleichung  fur  die  Meridianlinie  die  Eon- 

w 
stante  x*Zg  =  —  0,664*—-  oder,  da  u\  —  m\j  =  4  —  1  =  4m(jer^ — ^«)  =  16m, 

also  m  =  —  jg  iflt,  die  Eonstante  0,564'^^^  =  1,71.  Die  Gleichung  der  gesuchten. 
Meridianlinie  lautet  somit  x^e  =  1,71.    Die  Geschwindigkeitskomponenten  sind 

far  einen   Punkt  (a;,  z)  aus   u  =  —  2mx  =  -|- a;;   «?  =«  imz  = ^  z  und   der 

bjdiauliBche  Druck  auB  ibnen  nach  dem  spftter  folgenden  ^ernou/Ztschen  Theorem 
(GL  16)  befltimmbar. 

Noch  sei  erw&hnt,  dafi  zur  praktiKchen  Verwendung  des  RohreB  als  Tur- 
binensaugrohr  noch  Bedingungen  uber  den  richtigen  Bin-  und  Austritt  des  Wassera 
zu  erfullen  sind. 

Denkt  man  Bich^  dafi  man  einen  gegebenen  Durchflufi  Q  yon  einer 
Aqnipotentialflache  zu  einer  anderen  auf  zwei  Hohlwegen  yon  den  Langen 
Sj  nnd  s,  nnd  den  Querschnitten  F^  und  F^  treiben  will,  so  gelten  f(ir 
die  noiige  Potentialdifferenz  H  der  beiden  Aqnipotentialflachen  (wenn 
man  die  Qescbwindigkeiten  mit  i;^  und  v^  bezeichnet)  die  Gleichungen 

H  H 

(10b)  Q  ^  v,F,  +  v,F,  ^  ^f>  +  ^f^' . 

Dahacb  betragt  die  lebendige  Kraft  der  stromenden  Masse  bei  einem 
Eigengewicht  1 

Wenn  man  nun  die  Gescbwindigkeiten  verandert,  aber  den  Gesamtdurch- 
flnfi  Q  beibehalt,  mu£  man  fdr  jeden  Hoblweg  eine  neue  Potentialdiffe- 
renz 1/  +  Z^i  bzw.  -ff  —  Aj  anwenden  und  hat  dann  entsprecbend  (10  h) 

sonach  in  Yerbindung  mit  (10b) 

(lOi)  ^xA,_'-=A,„,3^ 

wahrend  die  lebendige  Kraft  zu 


Ton  P.  Schtuter  u.  K,  Ellon,  Mitteilun^'eu  ub.  Forschungtjarbeiten,  Heft  82  u.  102, 
Berlin  1910,  1911,  bei  guuBtiger  Beaufschlagung  der  Annahme  gemS^fi  zu  erfolgen. 
Nach  Versuchen  von  W,  HampeJ,  Technische  Blatter  40  (1908),  S.  30  breitet  sich 
der  Strahl  aber  erst  ganz  unten  auB,  vgl.  ^^.  235. 

2* 
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(g,  +  AQ'jp,     (g~A,)«F,  _  fi;«^     5^     j^  /F,A,  _  j?;aa 

wird.  In  diesem  Ansdrnck  ist  das  Elammerglied  znfolge  (10  i)  Nail, 
der  letzte  Bruch  stets  positiv,  so  daB  der  Ausdruck  sein  Minimum  fQr 
den  eingangs  behandelten  Fall  hat,  in  dem  A^  =-  A,  »  0  war.  Die  Ver- 
allgemeinerung  der  Betrachtnng  fQhrt  auf  den  Yon  W.  Thomson^)  streng 
be wiesenen  Satz,  dafi  die  reibungslose  Stromnng  einer  gegebenen  Wasser- 
menge  von  einer  ^^Qaelle^'  zu  einer  ,,Senke'^  derart  erfolgt,  dafi  die  M>en- 
dige  Kraft  des  stromenden  Wassers  ein  Minimum  ist. 

10.  Die  Wident&nde  des  s&hen  Teilohens.  In  einer  bewegten 
zahen  Flussigkeit  ist,  wie  schon  erwahnt,  der  Druck  nicht  nach  alien 
Seiten  gleich  nnd  sind  die  Eraffce  nicht  mehr  durchweg  senkreclit  znr 
Oberflache  der  Teilchen  gerichtet.  Es  soil  zunachst  ein  parallelepipe- 
disches  Teilchen  betrachtet  werden,  das  nicht  um  irgendeine  Achse  ro- 
tiert  und  dessen  Schwerpnnkt  seine  Lage  nicht  andert;  dann  sind  alle 
Yeranderungen  solche  der  Form.  Yerandert  ein  Teilchen  einer  zahen 
Flussigkeit  seine  Form,  so  werden  Spannkrafte  wachgerufen.  Setzt  man 
Yoraus,  dafi  diese  Erafte  den  Geschwindigkeiten  der  Formanderongen 
proportional  sind,  so  mtlssen  die  im  Laufe  eines  Zeitteilchens  erlittenen 
Formanderungen  jenen  ahneln,  welche  das  Teilchen  eines  festen  Eorpers 
unter  der  Einwirkung  aufierer  Krafte  erfahrt.  Die  Annahme  der  Pro- 
portionalitat  wird  stets  gemacht,  und  zwar  seit  Newton^),  welcher  der 
Ansicht  war,  dafi,  wenn  Fliissigkeitsschichten  Ubereinander  weggleiten^ 
der  Widerstand  mit  dem  Geschwindigkeitsgef  aUe  in  festem  Yerhaltnisse 

stehe.    Die  Gleitung  ge- 
}  lA      t      schieht  namlich  nicht  mit 


nicht; 


dn     sondem : 


t 

* 

• 

dn 

I 

1 

►r'              I 

...I 

einem  plotzlichen  Sprung 
in  der  Oeschwindigkeit, 
sondem  nach  Newton  der- 
art,  dafi,  wenn  dn  den 

Schichtenabstand  und  d  V  den  zugehorigen  Oeschwindigkeitsunterschied 

dV 
bedeutet,  -s-  einen  bestimmten  Wert  besitzt  und  einen 
'  dn 

dV 
/jjN  Reibungswiderstand  pro  Flacheneinheit  =  iy  ^— 

=  ri '  Gleitgeschwindigkeit 

1)  W,  Thomson,  Camb.  and  Dub.  Math.  Journ.  1849  ^-  Mathematical  and 
Physical  Papers  1,  S.  107. 

2)  I.  Neicton^  Phiiosophiae  Natoralis  Principia  Mathematica,  London,  lib.  2 
sect.  9,  1687. 
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erzeugt,  worin  rj  konstant.  Der  Reibnagswiderstand  der  FlacheneiDheit 
entspricht  aLso  der  Sclierspannlug  fester  Eorper.  Wo  Scherspannungen 
auftreteD,  mtissen  auch  Zug-  und  Drackspannimgen  wachgerufen  werden^ 
welche  in  der  FlQssigkeit  in  der  Weise  auftreten^  dafi  zu  dem  mittleren 
Druck  p  auf  einigen  Flachen  ein  geringfiigiger  Zuwachs  hinzntritt,  wah- 
rend  anf  anderen  ein  kleiner  Abfall  stattfindei  Bei  festen  Korpern  be- 
stelit  folgende  Beziehung 


(12) 


ElaBtizitfttsmodul Schnbkoeffizient     o/i   i      \ 

Gleitmodul  Dehnnngskoeffizient  \     *      Jf 


worin  m  die  Qnerkontraktion  oder  1 :  m  die  sogen.  PoissonBche  Zahl 
bedentety  die  bei  uneusammendrucJcbaren  Fliissigkeiten  »  2  sein  mufi. 
Au8  (12)  folgt  far  w  =  ^ 

Elastizitatsmodul  »  3  •  Gleitmodol, 

das  heifit  auf  Fliissigkeiten  iibertragen^ 

(12a)  Zugspannung  »»  Si^  -  Dehnungsgeschwindigkeit, 

worin  die  Zugspannung  im  allgemeinen  in  einem  Druckabfall  bestehen 
wird  und  die  Dehnungsgeschwindigkeit  die  Verlangerung  der  Langen- 
einheit  in  der  Zeiteinheit  be- 


deutet. 

Betrachtet  man  in  einem 
seine  Form  andernden  kleinen 
Block  dx  dy  dz  die  gegenseiti- 
genVerschiebungen  der  (auf  der 
Zeichnung  wagrecbten)  dxdy- 
Ebenen  in  der  2;-Riehtung;  so 
hat  man^  wenn  keine  Drehung 
der  ganzen  Masse  stattfindet,  fur 

jene  Schiebungen  als  ^  den 


^..^^&Lis. 


^**  anzusehen,  der  aber  nur  fiir  den  Mittelpunkt  des  Teilchens 


dz       ox 


genau  gilt.  Fdr  den  Mittelpimkt  der  einen  (unteren)  Begrenzungsebene 
gilt  statt  seiner 


dV      du      a*u 


dz 
~2~ 


d*to 
dxdz 


dz 
~2~ 


dn       dz        dz* 
und  far  den  Mittelpunkt  der  anderen  (oberen)  Begrenzungsebene 


dV 
dn 


a7+  dz* 


dz    ,     d*w 
"2"  "^  Jxd'z 


dw 


Daraus  geht  hervor,  daJS  in  den  genannten  beiden  da;  dy- Ebenen  nach 
der  x-Richtung  Teilkrafte  des  Reibungswiderstandes  von  der  GroBe 

fdu     d!udL^ll^^J\dxdij  bzw  J^  +  -^^^'-  +  ^^--'id^dy 

dz*    2       dxdz  ^)^^^y    °^^-   ^\dz^  dz*    2  ^dxdz  27'*'^"^ 


(du 
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dDftreten,  welche  als  AuBenkrafte  des  Parallelepipeds  einander  entgegen- 
wirken  und  f&r  dasselbe  eine 

<13)  Mittelkraft  -=  i?  (^^^,  -\-  ^-)  dx  dy  dz 

hervorrufen.  Noch  ist  eine  etwaige  Rotation  zu  bedenken.  Findet  eine 
solche  ohne  Formanderung  der  Masse  statt  und  zerlegt  man  sie  gemaB 
den  AchsenriclitungeD,  so  ist  fQr  den  Umlauf  um  die  Drehachsen,  die 

in  der  x-  oder  jer-Richtung  liegen,   .  ,  und  g  -^    =«  0,  wahrend  far  den 

Umlauf  um  die  in  der  y-Richtung  liegenden  Achse 

a.  +  dx  =  K«^*-'  "J'"  w  +  d^d-z  =  ^ 

ist.  Durch  eine  Drehbewegung  wird  also  die  Gtlltigkeit  von  (13)  nicht 
gestort.  Auch  in  den  (lotrechten)  Flachen  dxde  treten  im  aUgemeinen 
Scherkrafbe  aui^  welche  analog  TIS)  eine 

(13a)  Mittelkraft  -  ,  g'j:  -f-   ~^)  dx  dy  de 

ergeben.   Die  mit  den  Gleitungen  Hand  in  ELand  gehenden  Yerlange- 

rungen  der  Parallelepipedseiten  betragen  in  der  Zeiteinheit 

du       dv       dw 
dx'     dy'      dz 

Aus  diesen  Verlangerungen  kann  man^  wie  sich  zeigen  wird^  die  Yer- 
minderungen  (Zugspannungen  der  Gl.  (12a))  berechnen;  welche  der  mitt- 
lere  Druck  p  infolge  der  Formanderungen  nach  den  drei  Achsenrich- 
tungen  erleidet.  Bezeichnet  man  die  mit  den  drei  Koordinateuachsen 
gleichgerichteten  Normaldrucke  auf  die  Parallelepipedflachen  mit 

Px?       Py7      P^J 

so  gelten  nach  der  Elastizii^tslehre  unter  Bertlcksichtigung,  dafi  als 
Elastizitatsmodul  3i;  und  als  Pot.s.sonsehe  Zahl  2  einzufiihren  ist^  die 
drei  Gleichungen 

'()x         372  \      ^^^2^2/' 

at)   _  JL    /      ^x  _        ^^\ 
()y        3tj  \       2        -Py"''    2/' 

f'w  _  I  (     ^,Py_^\ 

dz         37]  \        2    "^    2         ^V' 

Sie  sind,  wie  man  sich  leicht  liberzeugen  kann,  identisch  mit 

o     <?tt  ,.    dv  Q    dw 

P.-p-^v-,  p,^p~2n.^y,  P.  =  P-2fi^^, 

falls  man 

P,  +  P„+P, 
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setzt,  wonach  man  p  als  den  an  der  betreffenden  Stelle  herrschenden 
Fltlssigkeitsdrack  betrachten  kann.  Der  soeben  berecbnete  Wert  von  p^ 
ist  ein  durcbschnittlicher  and  gilt  nur  fiir  den  Mittelpunkt  des  Teilchens 


S. 


^  d 


^-t-ypd. 


s, 


c 


2 


u 


Bos  9 


B 


1 


genau;  wabrend  fiir  die  beiden  (^ydjer-Flachen,  auf  welche  Normaldmcke 
in  der  a;-Ricbtnng  wirken^  an  seine  Stelle  die  Drucke 
_       dpdx  (du       d^udx\    ,  ,    ^i>  ^«       o    (du   ,    d^udx\ 

treten,  deren 
(13b) 


Mittelkraft  -  (-  ^  ^  +  2 1?  |^, )  dx  dy  dz 

ist.  Die  Addition  von  (13),  (13a)  und  (13b)  zeigt  in  Verbindung  mit 
der  Raumgleichung  (9) 

dxdy      dxdz  dx* 

schliefilich,  daS  dureb  die  Formanderung  Aufienknlfte  in  der  2:-Richtang 
bervorgerufen  warden,  die  zusammen  die  GroBe 

besitzen.  Analoge  Krafte  treten  offenbar  in  der  y-  und  in  der  jer-Rich- 
tnng  anf.  Ist  also  eine  zabe  FlUssigkeit  in  Bewegang,  so  sind  auBer  den 
von  Euler  berOcksichtigten  beschleunigenden  Kraften  nocb  Reibungen, 
DefanuDgen  und  Pressungen  wirksam,  die  zusammen  an  Stelle  ^er  Euler- 
schen  Gleichungen  die  folgenden^)  treten  lassen,  welcbe  die  Javier schen 
beiBen: 

dp       y  (du    ,      du    ,      du    .       du\         (d^u    .    d^u    .    d*u\ 

/i^\        y   xr     3P       r  fdv    ,       dv    .      dv    .       cv\         /  d^v    .    c^v    .    d*v\ 
Y    ^     dp       Y  idvj   ,      dto    .      dw    ,      dw\         fd*ic    ,   d*iv    ,   d*w\ 


g  dx 


1)  X.  Navier,  Paris,  Mem.  de  Tacad^mie  1823  =  6  (1827),  S.  414. 
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Die  Richtigkeit  der  Navierschen  Gleichungen  wird  durch  die  Beobach- 
tung  namlich  durch  das  Yerhalten  der  FlQssigkeiten  in  Haarrohrchen 
bestatigt.  Ftlr  jede  FlQssigkeit  besitzt  tj  einen  bestimmten  Wert,  der 
sich  allerdings  mit  der  Temperatur  andert.  Fiir  Wasser  ist  z.  B.  Dach 
J.  L.  PoiseuUle  ^)  dieser  innerer  Reibungskoeffizient  (Zahigkeit^  Y iskositat) 
genannte  Wert 

,-.    V  0,00001814  , 

(1**)  ^  -^  1  + 0,0337  T+ 0,00022  T«  ^  «^^  ^°^~ ^ 

worin  T  die  Temperatur  in  Celsiusgraden  bezeichnet. 

Bisher  wurde  die  Reibungsziffer  tj  von  der  Gleitrichtung  unabhangig- 
angenommen.  Bei  den  ^,amorphen'^  Fltissigkeiten,  mit  denen  man  ge- 
wohnlicb  zu  tun  hat,  ist  dies  der  Fall;  FlUssigkeiten  konnen  aber  auch^ 
wie  0.  Lehmann^  entdeckt  hat,  kristallisiert  sein  und  zwar  entweder 
mit  YoUkommener  Raumgitterstruktur  oder  halbisotropisch,  wobei  die 
als  Blatter  gedachten  MolekQle  zwar  ihre  Breitflachen,  aber  nicht  ihre 
Eanten  parallel  stellen').  In  beiden  Fallen  ist  rj  vermutlich  von  der 
Gleitrichtung  abhangig  und  nimmt  mit  zunehmender  FlieBgeschwindig- 
keit  plotzlich  ab,  sobald  das  auf  die  MolekUle  ausgeiibte  Drehmoment 
die  molekulare  Richtkraft  tibersteigt.  Man  kann  sich  yorstellen,  dafi  die 
MolekUe  sich  dann  wie  Lenkrollen  von  Karren  parallel  zur  Yerschiebe- 
richtung  steUen.  Ahnliches  in  schwacherem  Mafi  mag  nach  0.  Lehmann^ 
Ansicht  sogar  in  zahen  amorphen  FlQssigkeiten  (Schmiermitteln)  statt- 
findeU;  dafdr  spreche  das  optische  Yerhalten.  Im  folgenden,  wo  nur  an 
amorphe  FlQssigkeiten  gedacht  werden  wird,  soil  17  stets  als  unabhangig 
Ton  der  Gleitrichtung  und  -geschwindigkeit  gelten. 

11.  Bewegung  in  Haarrdhrphen.  Aus  (14)  gehen  Gesetze  fBr  die 
Bewegung  des  Wassers  in  engen  Rohren  —  sogenannten  Haarrohrchen  — 
hervor.  Liegt  eine  solche  Rohre  tiberall  gleichen  Querschnitts  wagrecht 


1)  Paris,  M^m.  pres.  par  div.  say.  19  (1846),  Ann.  chim.  phys.  (8)  7  (1843)^ 
8.  62.  E.  Hagenbach  berechnet  dies  aus  PoiaeuiHeB  Yexsuchen,  Ann.  Phys.  Ghem. 
(4)  19  (1860),  S.  886  f.;  s.  LandoU-Bdmstein,  Tabellen,  4.  Aufl.  1912,  8.  81  g. 

2)  In  der  Z.  f.  Erjstallographie  1  (1877),  S.  120  erklarte  0.  Lehmann  Jod- 
silber  zwischen  146  and  160^  fOr  zS,hflu8sig,  ebenda  8.  492  fOr  kristallisiert.  Eine 
ihm  Yon  F,  Beinitzer  ibres  merkwilrdigen  Yerbaltens  wegen  zugesandte  Substanz 
erkannte  er  als  flflssig  und  kristallisiert  (Zeitsch.  f.  physikaliscbe  Chemie  4  (1889)^ 
8.  462).  Den  sicheren  Nacbweis  fiussiger  Eristalle  iiefeite  er  sp9,ter  dnrcb  die 
Beobacbtnng,  dafi  Eristalle  von  neutralem  Ammoniumoleathjdrat,  wenn  sie  sick 
berilhren,  wie  Fliissigkeiten  zusammenfliefien  und  einbeitlicb  werden. 

8)  0.  Lehmann,  Die  neue  Welt  der  fltlssigen  Eristalle,  Leipz.  1911;  Ders.y 
Yerhdlgn.  der  Deutscb.  Physikal.  Gesellsch.  15  (1918),  8.  418;  Ders,,  Sitzungsber. 
d.  Heidelberger  Akad.  d.  Wissenschaften,  Abt.  A  (1918),  18.  Abbandl.  Seine  9.1teren 
Arbeiten  sind  zusammengefafit  in  0.  Lehmann,  Flussige  Eristalle,  Leipz.  1904. 
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mid  stromt  das  Wasser  gleichfSrmig  in  geraden  (also  Dicht  in  schrauben- 
artig  gew^undenen)  Faden  durch,  so  miissen,  wenn  man  die  x  in  der 
Achsenrichtong  des  Rohres^  die  y  quer  za  ihnen  wagrecht  und  die  0 
senkrecht  mifit,  die  Geschwindigkeiten  i;  und  w,  die  Ableitungen  yon  t; 

und  i€y  die  Ableitungen  nach  ty  ferner  w-  und  -^— j  endlichdieGewichts- 

komponenten  X  und  Y  zu  Null  werden^  wodurch  die  Ausdrtlcke  (14) 
sich  za^) 

(14e)  ff-o, 

(I4d)  fz-ff 

▼ereinfachen.  Aus  der  UnYeranderliclikeit  aller  Bewegungsvorgange  langs 
der  Stromfaden  folgt,  dafi  die  recbte  Seite  von  (14b)  sich  nicht  mit  x 

andert  und  daher  auch  nicht  das  Druckgefalle  J^  •  Daneben  lehrt  (14  d), 

dafi  der  Dmck  mit  der  Tiefe  so  zunimmt  wie  im  ruhenden  Wasser. 

In  einem  Kreisquerschnitt  mdssen  sich  die 
Geschvrindigkeiten  u  in  konzentrische  Kreise 
ordnen.  Es  geht  daraus  heryor,  daB,  wenn  die 
Halbmesser  mit  r  bezeichnet  werden,  sich 
(siehe  Figur) 

du    du 

dr  '  dy 

yerhalt^  also 


-k5  =  i-c— ^^•^-^  =  *'=y 


du       r   du 
dr  '^  y  dy 

Oder,  weil  bei  Anderung  yon  r  das  Yerhaltnis  r :  y  das  alte  bleibt^ 

a*M        r     a«u         r    d^udy       d^u        ,     ,  d^u 

d^'-iidy-Tr'^JWdr-W  ''''^  '^''^''  ""  a.« ' 

daher  zufolge  (14b) 

dx         '^  dr' 


^^  ==  2n  ^*** 


und  weiter,  falls  die  FlUssigkeit  an  der  Rohrwand  haftet  und  das  Rohr 
den  Halbmesser  r  besitzt, 

(14e)  «*  =  — i ^• 

^        ^  ^ri      dx 

ist.   Die  Durchflu£menge  in  der  Zeiteinheit  berechnet  sich  aus  (14e)  zu 
1)  Jl  G.  Oreenhill,  Lond.  Math.  Soc.  Proc.  13  (1881),  S.  43. 
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T 

Q  =  2njx 


J         jrr*  dp 

urar  =■  -^~  ~ 

8ij  dx 

0 


und  hieraas  folgt  bei  Ersatz  des  Halbmessers  r  durch  den  Durchmesser  D 
und  bei  Einfiihrung  des  Eigengewichtes  y  der  FlQssigkeit  und  des  Gef alles 

y  ox 
ftlr  die  mittlere  Qeschwindigkeit  U  der  Ausdruck 

(14f)  U^'-^/ 

oder  bei  Wasser,  wenn  U  in  msec"^,  D  in  m  bzw.  ZJin  cm  see"  ^,  D 
in  cm  ausgedrtlckt  wird,  und  T  die  Temperatur  in  0®  C  bedeutet, 

jr_   I  +  0,083  r+  0,00022  J*  7^»  r   i,  1  +  0.033  T  +  0,00022  T*  ^,  j 

^""  0,000006  805  ^  "^     ^^^'  0,0005806  ^  "^ ' 

Ftlr  einen  zylindriscben  Spalt  vom  AuBenbalbmesser  r^  und  Innen- 
balbmesser  x^  leitet  W.  Wien^)  abnlich  ab: 


^  8i^ 


4         .4         (^I'-hV 

log  nat  — ^ 


r  • r  * 

4-1  ij 


h 


ErwSJinenBwert  ist,  dafi  H.  Lang  aus  eigenen  Yersuchen  und  solcheo  von 
Darcy,  Hagen,  Reynolds,  Saph  u.  Schoder  und  Blasius  schliefit,  dafi  fur  ein  und 
dasselbe  Rohr  J :  U  nicht  konstant  sei,  aondern  etwas  mit  U  wachse  *).  R.  Ca- 
merer*)  fand  hingegen  bei  MaschinenschmierOl  fur  Cr=  0,9  bis  4,2 msec"*  die 
Formal  (14  f)  zutre£fend,  und  bei  t^bergang  zu  einem  engeren  Rohr  die  Steige- 
rung  von  /  etwas  kleiner  als  nach  (14  f). 

12.  Die  Torbulena.  Wenn  sich  Wasser  langsam  in  Haarrohrcben 
bewegt^  so  geschieht  dies  in  tibereinander  weggleitenden  Schichten  und 
kann  ganz  stationar  (von  der  Zeit  unabhangig)  vor  sich  gehen;  in  gro- 
fieren  Rohren^  sowie  in  offenen  Laufen  bewegt  sich  das  Wasser  aber 
stets  in  Wirbeln,  die  jenen  gleichen^  die  man  in  Rauchsaulen  gewahrt 
Man  muB  also  zwischen  geschichteter  (laminarer)  und  wirbelnder  (turbu- 
lenter)  Bewegung  (Bewegung  in  Schlieren)  unterscheiden*).  Die  Navier- 
schen  Gleichungen  konnen  iibrigens  auch  fiir  die  turbulente  Bewegung 
beibehalten  werden,  wenn  man  unter  u,  v  und  w  nur  mehr  die  mittleren 
Geschwindigkeiten  am  betreffenden  Punkte  versteht  und  mit  Boussinesq^) 

1)  ir.  Wien,  Lehrbuch  der  Hydrodynamik,  Leipzig  1900,  S.  274. 

2)  „Hutte",  21.  Aufl.,  1.  Bd.  1911,  S.  298  und  briefl.  Mitteilung. 
8)  Zeitsch.  f.  d.  gesamte  Turbinenwesen  4  (1907),  S.  461. 

4)  Im  Sinne  der  Gleichungen  (8)  ist  iibrigens  auch  die  HaarrOhrchenbewe- 
gung  nicht  wirbelfrei;  das  wird  durch  die  Ziihigkeit  verhindert. 

6)  Boussinesq  beweist,  dafi  e  fiir  Geschwindigkeitsunterschiede  in  der  a;-,  y- 
und  je:-Richtung  denselben  Wert  haben  mufi. 
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die  Reibungsziffer  rj  durch  eine  andere^  weiiaus  grofiere  s  ersetzt,  welch 
leiztere  aber  dann  nicht  mefar  einen  unveranderlichen  Wert  fiir  eine  be- 
stimmte  Fliissigkeit  bei  gegebener  Temperatur  besitzt,  sondem  selbst 
wieder  Ton  der  Bewegungsweise  abhangt.  Je  heftiger  die  neben  der 
gleichmaBigen  Stromang  auftretende  Wirbelbewegung  ist^  desto  grofier 
ist  8,  weswegen  filr  e  der  Name  ^Turbulenz'^  yorgeschlagen  worden  ist. 
Fiir  wirbelnde  Stromnngen  gelten  also  diej^aviarschenGleichungen  mit 
dem  Boussinesqschen  ZeicheD 

dp       Y  fdu         du   .      du  du\         /d*u   ,  d*u   ,  d^u 


I  y  -v      ^P       7  (Gu    .      du    .      du    .       du\         /d'u    ,  d'u    ,  d'u\ 


(I4g) 


7    rr     dp       7  (dw    ,      dw    ,      die    ,      dw\         /d*w  ,  d*tc  ,  d*tc\ 
^7^-dz-j[~dt+''dx+'^-dy+'^Tz-)-'[dx^+dV+d^^^^^ 

Bei  Bewegang  in  Schichten  findet  ein  Yerlust  an  kinetischer  Energie, 
also  eine  YermiDderung  von 

(14h)  l-JJf (ii^+  v*  +  w^)  dx  dy  dz 

durcb  Yerwandlang  von  Bewegung  in  Warme  statt^  welche  sich  nicht 
wieder  in  lebendige  Kraft  riickwandeln  kann.  Bei  der  Bewegung  in 
Schlieren  bedeutet  aber  (14h)  nur  die  Energie  der  mittleren  Geschwin- 
digkeit  u^  v,  w  und  gilt  fdr  die  wahre  kinetische  Energie,  falls  u,  v  w' 
die  znsatzlichen  Wirbelgeschwiudigkeiten  im  gegebenen  Angenblick  be- 
deuten^ 

<14i)  jfff^(^''  +  **')'  +i^  +  «')'  +(^  +  ^'Y]  dx  dy  dz . 

In  (14  i)  konnen  u\  v  nnd  w'  anf  Kosten  yon  Uy  v  nnd  w  zunehmen, 
d.  h.  es  kann  bei  wirbelnder  Bewegung  sich  die  mittlere  Stromung  nicht 
nor  in  Warme^  sondem  auch  in  Wirbel  umwandeln  und  yielleicht  kann 
anch  umgekehrt  eine  Beschleunigung  der  mittleren  Bewegung  dnrch 
Abnahme  der  Wirbel  eintreten;  doch  liegen  diesbezdglich  keine  Erfah- 
rungen  yor. 

tTbrigens  ist  £  nicht  eine  eigentliche  Reibungsziffer  im  Sinne  yon  ri, 
denn  sein  grofier  Wert  kommt  wesentlich,  wie  H,  A.  Lorentz^)  gezeigt 
hat,  dnrch  Transport  und  Umtausch  yon  Bewegungsgrofien  zustande. 
Anch  ist  e  ganz  bedeutend  grofier  als  ri,  wiirde  doch  nach  den  fiir  Haar- 
rohren  geltenden  Formeln  (14e  u.  f)  der  mittlere  Faden  in  einem  Rohr 

1)  Amaterdam,  Verschlagen  der  Akad.  von  Wetenschapen  6  (1897),  S.  28  = 
Lorentz,  Abhandlnng^n  iib.  theoretiscbe  Physik,  1.  Bd.  Leipzig  1907,  S.  43. 
E.  Hahn,  G.  Herglote  u.  K.  Schwarzachild,  Zeitscb.  Math.  Phys.  61  (1904),  S.  411. 
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von  1  m  Halbmesser  und  daher  in  einem  Gerinne  yon  halbkreisformigen 
Quersclinitt  bei  nur  0,0001  Neigung  eine  Gesch  windigkeit  von  187  m  sec"  ^ 
annehmen^). 

13.  Das  BemouUisohe  Theorem.  Die  Eulerscheu.  Gleichungen  (7^ 
vereinfachen  sich,  wenn  man  sicb  auf  stationare,  d.  h.  von  der  Zeit  an- 
abhangige  Bewegnngen  beschrankt  und  nur  die  Schwere  —  welcbe  der 
xr-Richtung  entgegenwirke  —  als  Massenkraft  beibehalt^  zu 

dx       g  \    ex    '       dy  cz /  ^ 

dp        y  I    dw    .      dw    .       dtc\ 
'^       dz        g  \    dx    *      cy    *        dz) 

Setzt  man  weiter  Wirbelfreiheit  voraus,  so  kann  man,  weil  dann  die 
Beziehungen  (8)  bestehen,  die  Ausdrtlcke  (15)  auch  in  der  Form 

dp  ^  y  (    du  \      ^    \       dw\ 

dx^  g  \    dx"^     dx"^       dxj* 

/iR  \  dp        y  (    du   .      dv    ,       dw\ 

(15  a)  —  of—  -m^^  +  Vt^ — h  «^  o~)» 

^   ^  dy       g  \    dy  ^      cy   ^       dyj^ 

dp       y  i   du  .      dv    .       cw\ 
/       dz        g  \    dz    ^      dz    *        dz  J 

wiedergeben.  Fdhrt  man  nunmehr  die  Geschwindigkeit  V  statt  ihrer 
Komponenten  u,  v  und  w  ein,  so  sind,  wie  die  Differentiation  von 

ergibt,  die  Elammerausdriicke  in  (15  a)  nichts  anderes  wie  die  partieUen 
Differentialquotienten  von  ^F^  so  daB  (15a)  mit 

_  ^  «  JL  v^^ 

dx        g       dx' 

(»^k)  -  H  -  f  "i- 

'       dz        g       dz 

identisch  ist.  Ersetzt  man  andererseits  die  Teilwege  dx,  dy  und  de  eine& 
Teilchens  durch  seinen  wahren  Weg  ds,  bezeichnet  man  also  die  Weg- 
lauge  mit  s,  so  gilt,  wenn  man  den  Druck|7  und  die  Geschwindigkeit  V 
als  Funktionen  von  s  auffafit, 

,         dp    ex  ,     ,   dp    dy  J     ,   dp    dz  j 
dp  ^  /  -  ^    ds  +  ^  -  J  ds  +  J-  '  —  ds  y 
■^       ox    da  dy     ds  cz     cs      ' 

,T7      cV     dx  J     .   dV    dy  .     ,   dV    dz  y 
dF=  ^    •  o    ds  +  ^    '  ~ds  +  .'    '  ^  ds, 
ox     ds  dy     OS  cz     ds      ' 


1)  /.  /.  Boussinesq,  Joum.  de  math.  (2)  13  (1868),  S.  402. 
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fio  daB  durch  Multiplikation  der  drei  Oleichungen  (15  b)  mit  ^—ds  bzw. 
7^  ds  und  ^  ds  und  Addition  der  multiplizierten  Gleichungen  die  neue 


oder 


^y^/ds^dp^^VdV 
^  ds  9 


(16)  I  +  ,  +  -g  _  kon8t. 

<entstefat,  worin  e  lotrecht  yon  unten  nach  oben  zn  messen  ist.   Man 
nennt  (16)  nach  seinem  Entdecker  das  BernouUiBche  Theorem^)  und  be- 

zeichnet  -r—  als  GeschmndigJceitshohe,  —  als  Druckhohe.  Betont  sei,  daB 

€8  onrichtig  ware^  V  als  absolute  Geschwindigkeit  im  Weltraum  aufzu- 
fassen,  denn  diese  kennt  man  nie.  Unter  V  yerstehe  man  vielmebr  die 
Bewegung  relatiy  zu  den  Grenzen,  welche  gemeinschaftlicb  fortschreiten, 
ohne  sich  zu  dreben.  Man  kann  sich  die  Druckhohe  yerdeutlichen,  in- 
dem  man  sich  bis  zum  betreffenden  Teilchen  ein  Rohr  eingetaucht  denkt, 
welches  derart  geformt  und  gestellt  ist,  daB  die 
Flilssigkeit  in  ihm  weder  eine  StoB-,  noch  eine 
Saugwirkung  erf&hrt.  In  diesem  Rohr  wird  die 
Flilssigkeit  einen  bestimmten  Spiegel  erreichen. 


I 


dessen  Hohe  fiber  dem  Teilchen  die  Druckhohe      ^n.  —  -JJ..T^.Tr:Trri..=::.~i 

-     darstellt.   Die  Summe   —  +  xr  gibt  dann  an,  -^— "^E   ^ 

wie  hoch  sich  der  Tauchrohrspiegel  fiber  der  ^,^ i 

Ebene  xr  »  0  einstellt,  als  welche  man  z.  B.  den 

Meeresspiegel  betrachten  kann.   EntschlieBt  man  sich,  p  neben  der  kine- 

tischen  Energie   - —  und  der  potentiellen  Energie  ye  als   besondere 

Energieform  aufzufassen,  so  lafit  sich  das  BemouUisGhe  Theorem  in  der 
Form  aussprechen:  dafi  fur  das  einzdne  Fliissigkeitsieilchen  (bei  statio- 
narer  Bewegung)  die  Gesamtenergie  Jconstant  ist. 

Die  Gleichungen  (15  a)  wurden  ffir  stationare,  wirbelfreie  Bewegung 
und  die  Schwere  als  einzige  Massenkraft  abgeleitet.  Behalt  man  letztere 
Annahme  und  die  Wirbelfreiheit  bei  und  laBt  man  die  Forderung  sta- 
tionaren  Yerhaltens  fallen,  so  erhalt  man  fQr  die  yeranderliche  Bewegung 
bei  genauer  Wiederholung  des  Yorganges,  der  zu  (15  a)  ffihrte,  statt  dessen 
ffir  eine  Veranderung  des  Druckes  p 

1)  D.  Bernoulli^  Eydrodynamica,  Argentorati  1788,  S.  11.  Schon  Huyghens 
hatte  bemerkt,  da6  sich  sein  Prinzip  der  Erhaltung  der  lebendigen  Kraft  auf 
Flflssigkeiten  Hbertragen  lasse  {E.  DUhring^  Krit.  Geschichte  d.  allg.  Prinzipien 
der  Mechanik,  Berlin  1878,  S.  228). 
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dp        7  /cu    .    j^  dV'' 


(16a) 


dx        g\dt   '^  ^  ex)' 
dy       g\dt  ^  ^  dy ) ' 
^      dz        g\dt  ^  ^  dz) 


Bei  Wirbelfreiheit  ist  hier  bei  EinfQhrung  der  Potentialfunktion  * 

d^  d^  d^ 

ex  '  dy  '  ez 

und  lautet  die  allgemeine  gemeinschaftliche  Losung  derQleicbungen  (16  a) 

(16b)  ^  +  y^  +  ^*+J'_F»=0. 

DaB  die  Differentiation  yon  (16  b)  in  der  Tat  die  Gleichungen  (16  a) 
liefert^  erkennt  man  leicbt,  wenn  man  bedenkt,  daB  z.  B. 

^  /^ -^  »  A  (^9\  ==  ?Jf 
dx\dtl  ^  dt  \dx)       dt 

ist.  Gelingt  es  nun  eine  Funktion  O  zn  finden,  fiir  die  p  langs  einer  be- 
stimmten  Flache  konstant  wird^  so  kann  man  diese  Flacbe  als  freie 
Oberflacbe  unter  unveranderlichem  Luftdruck  anseben,  wenn  zugleich 
die  Teilcben,  die  ibr  einmal  angeboren^  Oberflacbenteilcben  bleiben.  Das 
ist  der  Fall,  wenn  jedes  Oberflacbenteilcben,  wabrend  es  seinen  Weg 
M,  Vj  w  znriicklegt,  nicbt  von  Wasser  bedeckt  wird  und  daber  unter  kon- 
stantem  Luftdruck  jp  bleibt,  wenn  also  ftir  die  Oberflacbenteilcben 

gilt.  Als  dritte  Bedingungsgleicbung  der  yeranderlicben  wirbelfreien. 
Bewegung  bleibt  endlicb  die  Kontinuitatsbedingung 

.  ^v  ^**     3**     d*^ 

(10)  i  ^+t*  +  ^_^-_0. 

V     ^  dx*        ey*       dz* 

Das  J^er^ouZ^^'scbe  Tbeorem  beziebt  sicb  strenggenommen  nur  auf 
den  einzelnen  FlQssigkeitsfaden,  es  laBt  sicb  aber  nocb  auf  eine  FliLssig- 
keitsmasse  von  endlicbem  Querscbnitte  anwenden,  wenn  die  Faden  im 
selben  Querscbnitte  nur  geringe  Gescbwindigkeitsunterscbiede  aufweisen^ 
also  wenn  sie  nur  wenig  gegeneinander  geneigt  und  nicbt  so  stark  ge- 
kriimmt  sind,  daB  man  die  Druckveranderung  durcb  die  Fliebkraft  nicbt 
mebr  yernachlassigen  darf ;  es  gilt  also  z.  B.  nocb  recbt  gut  fur  scbwacb. 
gebogene  Robre,  aber  nicbt  mebr  fiir  Kniee.  Unter  den  genannten  Voraus- 
setzungen  kann  man  sicb  begniigen,  in  (16)  unter  V  die  mittlere  Ge- 
scbwindigkeit  zu  versteben,  also,  wenn  Q  den  DurcbfluB  und  F  dea 
Querscbnitt  bedeutet, 

F 
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zu  berechnen  nnd  ftlr  den  Lanf  zwischen  zwei  Querschnitten;  die  durch 
die  EeDnziffern  1  und  2  unterschieden  werden  soUen,  gemaB  (16) 

und  daher 

(")--^'--(f+'.)-(^ +'.)-» 

zu    setzen^   wobei    h    den  H5henunter9chied 

der  Taaehrohrspiegel  bezeichnet.  IsJt  die  6e- 

scbwindigkeit  benachbarter  Faden  ungleich, 

so  gilt  aber  eigentlicb  fi&r  jeden  Faden  ein  an- 

deres  /i.    Die  Unveranderlichkeit  der  Energie 

▼erlangt  dann^  wenn  man  die  Gescbwindigkeit  F  +  v  des  Einzelfadens 

Ton  der  mittleren  Geschwindigkeit  V  unterscheidet,  dafi 


H 


-/ffi.,+;.>-,f._/Lr._ti'.>-,f. 


sei.  Der  zur  Erhohung  der  mittleren  Geschwindigkeit  F^  auf  F^  notige 
Spiegelunterschied  wachst  also  gegen  fniber  ungef  ahr  im  Yerhaltnis  von 


(18) 


dF, 


V  ;  —     J  F» 

worin  das  Integral  liber  die  ganze  Querschnittsflache  zu  erstrecken  ist^ 
und  gemaB  der  Bedeutung  von  v 

f3V'vdF=^3V\fvdF^0 

sein  muB,  so  daB  sich 

(19)  a  -  1  +  3  J^,  dF  +f  ^',  dF 

findet  und  stets  positiv  zeigt.  In  stromendem  Wasser  ermittelte  H.  Bazin  ^) 

bei  glatter  Wand  a  =  1,0318,  bei  rauher  Wand  —  1,122;  man  pflegt  im 

Mittel  a  »  1,11  anzunehmen,  falls  man  sich  nicht,  wie  schon  gesagt^ 

mit  a  =»  1  begnUgen  will. 

Beispiel:  Zur  Eil&uterung  der  ^«mouZZi schen  Theorems  kann  folgendes 
uberraecfaende  Experiment  von  Z>.  Bdnki*)  dienen.  Derselbe  schaltete  in  ein 
eUurreB  Rohr,  das  von  einem  Beh&lter  B  gespeist  wurde.  ein  sehr  dunnwandigea 
Gnmmirohr  G  ein,   das   er  mit  einem  Glasrohr  Gl  grOfieren  Dorchmessers  nm- 


1)  H.  Bazin,  Paris,  M^m.  pr^s.  par  div.  sav.  19  (1866),  S.  262. 

2)  Z.  d.  V.  deutsch.Ing.  63  (1909),  S.  1496;  der  Koeffizient  0,64  wflrde  einer 
nicht  ganz  vollkommenen  Einschnurung  entsprechen. 
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flchlofi.   Bei  der  geringen  Bohrreibung  mufite  bei  ungehindertem  Ausflufi  aus  dem 
Beh&lter  (bei  offenem  Hahn)  im  Btarren  Bohr  ungef&hr  Atmosph&rendmck  herr- 

schen.    War   daselbst  die   Geschwindigkeit    U,  so   gait  -—  =»  h^   worin  h   die 

Tiefenlage   unter  dem   Beh&lterspiegel   bedentet. 

^         ^       Wenn    Bdriki    dann    aus    dem    Batun    zwiBchen 

Gnmmirohr  G  und  HfiUrohr  Gl  mittels  Ejektor 

hi      Lnft  auBBOg,  also  Unterdmck  erzeugte,  bewirkte 

diei*  raBcheres  Fliefien  im  Gummirohr  und  dadurch 

» 

-^^_j_  _    desBen  Yerengerung,  w&hrend  ein  stftrkerer  Druck 
C^  auf  das  Gammirohr  unruhigen  Ausflufi,  Schwin- 

gungen  und  dessen  Erweiterung  herrorrief. 
Bei  der  Geschwindigkeit  U  im  starren  Bohr  konnte  sich  n&mlich  im  Gummi- 
rohr zufolge  des  Einschnflrungskoeffizienten  0,64  keine  gr5fiere  Geschwindigkeit 
als  0,64  U  bilden;,  im  Gummirohr  konnte  also  der  Druck  fiber  den  Druck  Null 
des  starren  Bohres  auf 

V*        U^        U*  U* 

h^^-^y.^-^-^(l-  0,64*)  «  0,69  i-  =  0,69  h 

ansteigen.  In  der  Tat  trat  die  Erweiterung  immer  bei  einer  DruckhOhe,  die  grOBer 
als  0,69^  war,  ein. 

14.  Der  Dmokhblienverlust.  Nach  dem  BemoullisGhen  Theorem 
bleibt  in  yollkommenen  FlQssigkeiten  fQr  jedes  Teilchen  die  Summe  ans 
Druckhohe;  Meereshohe  und  Geschwindigkeitshohe  unyeranderlich;  bei 
der  Stromung  ziiher  FlQssigkeiten  ist  das  aber  nicht  mehr  der  Fall.  Bei 
ibnen  nimmt  vielmebr  diese  Summe  ab^  indem  zur  Formanderung  der 
Teilchen  Arbeit  verbraucht  wird.  Es  findet  also  dadurch,  dafi  mecha- 
nische  Energie  in  Warme  umgewandelt  wird,  ein  Druckhdhenverltist 
(Druckverlust,  Reibungshohe,  perte  de  charge,  loss  of  head,  perdita  di 
carico)  statt.  Dieser  Druckverlust  —  der  ein  fiir  aUemal  verloren  geht  — 
ist  von  der  Geschwindigkeitshohe,  welche  wieder  in  Druck  zurfickver- 
wandelt  werden  kann,  strenge  zu  unterscheiden;  wenn  im  folgenden  von 
einem  Verlust  gesprochen  werden  wird,  wird  uiemals  die  Geschwindig- 
keitshohe  mit  als  solcher  betrachtet  werden.  Das  Eriterium  fiir  den  Ver- 
lust bildet  eben,  wie  gesagt,  die  Umwandlung  in  Warme.   J.  Weisbaeh 

U* 
fand  es  zweckmaBig,  den  Druckhohenyerlust  in  der  Form  ^  —  zu  geben, 

^g 

worin  g  eine  unbenannte  Zahl,  der  Widerstandskoeffizient,  ist.  Das 
BemouUiBche  Theorem  erhalt  damit  bei  gleichzeitiger  Berdcksichtigung 
der  Ungleichmafiigkeit  der  Geschwindigkeitsverteilung  liber  den  Quer- 
schnitt  die  Gestalt 

<20)  «|!  +  ^  +  ^-  +  g_^'„kon8t. 

Wenn  an  verschiedenen  Stellen,  an  denen  auch  die  Geschwindig- 
keiten  nicht  iibereinstimmen,  allerlei  Druckyerluste,  z.  B.  Rohrreibungen, 


14.  Dei  DiuckhOhenverlnst.    16.  Das  Ahnlichkeitsgesetz 
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Eckwiderstande,  Stofie^  auftreten,  wirdderDruckyerlust  zu  einer  Summe, 

deren  Glieder  man  am  besten  in  der  Reihenfolge  angibt,  in  welcher  die 

Stromnng  die  Hindemisse  tnSt,  Kommen 

auch   Widerstande   Tor,   die  nicht    dem 

Quadrate^  sondem  anderen  Potenzen  ihres 

zugehorigen  U  proportional  sind,  so  geht 

(20)  in  den  allgemeinen  Ausdmck 


(21)  «^V*  + 


1 


^ber,  in  dem  f  Funktion  bedeutet  nnd  die  Summe  ^  fiber  alle  n  Einzel- 
widerstande  zwiscben  dem  Anfangspunkte  und  der  betrefPenden  Stelle 
zu  erstrecken  ist.  Ubrigens  sind  es  weniger  theoretiscbe  Erwagongen 
ak  Yersncbe^  welcbe  lehren,  in  welchen  Fallen  ein  Eoeffizient  g  als  ge- 
nog  unveranderlicb  gelten  darf  and  in  welchen  ein  solcber  zu  stark 
schwanken  wOrde,  um  seine  Einfahrdng  zu  rechtfertigen. 

16.  Das  Ahnliohkeitsgesetz.  Ersetzt  man  in  den  j^at;i^schen  61ei- 
ebungen  (14)  die  Drucke  p  durch  Druckhohen  yh  and  die  Reibungs- 
zi£fer  17  durch  den  sogenannten  ^^kinematischen  Reibungskoeffizienten^ 

9n 


V 


a^       ^dx       gKdt^^dx^       )^   g\dx^^       )       ^ 


Yon  der  Dimension  Flache  durch  Zeit;  so  nehmen  sie  die  Form 

g  '  dx       g  \dt    ^      dx  ^        I        9 

an.  Sieht  man  der  Ubersichtlichkeit  wegen  vom  ersten  Glied  ab,  so  hat 
man  zu  unterscheiden 

das  Druckgef  alle  y  g— , 

Tr&gheitskrafte  vom  Typus  —  w  ^ , 

Reibungskrafte  vom  Typus  —  v  w-^  • 

Die  Geschwindigkeiten  u,  v,  w  und  die  Druckhohe  sind  hierbei  als  Funk- 
tionen  der  Koordinaten  x,  y,  0  gedacht.  Wenn  man  nun  einen  Yorgang  1 
im  Modell  kennt^  bei  dem  die  aufgezahlten  Krafte  im  Gleichgewichte 
stehen^  und  man  zu  einem  aAnJicAen  Yorgang  2  fibergeht^  indem  man 
alle  Langen,  also  im  besonderen  die  Eoordinaten  im  Yerhaltnis  /),  die 
Druckhohen  im  Yerhaltnis  /*j,  die  Geschwindigkeiten  im  Yerhaltnis  f^^ 
die  Eigengewichte  im  Yerhaltnis  f^j  die  Grofien  v  im  Yerhaltnis  f^  rer- 
grofierty  so  bleibt  das  Gleichgewicht  beim  Yorgang  2  nur  dann  ge- 
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wahrt;  wenn  alle  drei  Kraftgattungen  gleich  stark  vergrofiert  werden^ 
oder  wenn  ^  -       ^  ^,       f  f  f 

~fi        fi        fT 

ist.  (Erinnert  werde,  daB  z.  B.  ^-^  die  Dimension  von  u  :  a:*  hat.)  Aub 
der  doppelten  Gleichheit  folgen  die  Gleicfagewichtsbedingangen^) 

(22)  ^'  =  1, 

(22a)  /{-/;». 

Hier  wurde  von  der  Massenkrafb  X  abgesehen.  Ist  dieselbe  die  Schwere^ 
so  kann  man  sie  (ebenso  wie  g)  als  unveranderlich  betrachten,  und  sieht 
man  zagleich  yon  der  Reibung  ab,  so  liefert  eine  ahnliche  Betracbtung 
wie  die  eben  durchgefQbrte;  wenn  X  sich  nicht  andem  darf^ 

(22b)  l«^A«^.. 

Ist  keine  freie  Oberflache  yorhanden^  iibt  also  die  Schwere  keine  Wir- 
kung  aus  und  haftet  die  Fl&ssigkeit  an  der  Wandnng,  so  tritt  das  Ge- 
setz  (22)  in  Kraft.  Es  gilt  also  z.  B.  fur  den  Druckyerlust  in  glatten 
Rohren^  fQr  die  Oberflachenreibung  an  Flatten,  fiir  die  DrUcke  und  Krafte^ 
die  Eorper  in  tiefem  Wasser  ohne  freie  Oberflache  erfahren,  wahrend 
in  bewegtem  Wasser  bei  freier  Oberflache  (22  b)  zur  Geltung  gelangt. 
Wahrend  bei  fehlender  Schwerewirkung  nach  (22)  bei  ungeanderter 
Reibungsziffer  (f^=^\)  im  Modell  die  Geschwindigkeiten  im  umgekelirten 
Verhaltnis  der  Langen  zu  wahlen  sind,  hat  man  sie  bei  Wirkung  der 
Schwere  und  yernachlassigbarer  Reibung  nach  (22  b)  proportional  der 
Ldngenwurzel  anzuordnen. 

Fur  Vorgange,  bei  denen  sowohl  Schwerkraft  wie  Reibung  eine 
RoUe  spielen,  ist  ein  Modellyersuch  nur  richtig,  wenn  man 

fh  ^_  fufl        ^'  =_  1 
fl  fy  fi 

Oder 

(22c)  /i-/;,    /•„-/;'/.,   /;=./•;/.     • 

macht.  Nimmt  man  auch  die  Schwere  als  yeranderlich  an,  so  hat  man 
statt  dessen  -        ^  -       ^  - 

(22  d)  ^;-  =  ^^"^^^;p»i. 

//  /•»  fu 

Dies  steht  in  enger  Beziehung  mit  der  Forderang  gleicher  Dimension. 


1)  H.  Blasius,  Z.  d.  V.  deutsch.  log.  56  (1912),  S.  689.  Dessen  Ableitung  schliefit. 
an  0.  Beynolds^  Papers  2,  S.  55  an. 
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•• 
Jede  hydraulische  Gleichung,  welche  das  Annlichkeitsgesetz  erf^Ut^  laSt 

sich  namlich  in  der  Form 

(^•)  ^[(t)  O  (^  -  '""'• 

anschreiben^  oder  wenigstens  in  ihr  denken,  denn  durch  (22d)  sind 
hj  I  nsw.  derart  miteinander  yerkniipft;  daB  die  Elammerwerte  von  (22  e) 
konstant  bleiben,  also  auch  deren  Fanktion  F.  Dabei  sind  die  drei 
Elammerwerte^  wie  man  sich  iiberzeugen  kann,  imbenannte  Zahlen^ 
haben  also  gleiehe  Dimension.  Yon  der  Form  (22  e)  ist  es  dann  mog- 
licb;  zu  anderen  hydraulischen  Gleichungen  fiberzngeben;  deren  Glieder 
untereinander  dimensionsgleich  bleiben.  Das  Ahnlichkeitsgesetz  spricht 
also  nur  das  allgemeine  Gesetz^  daB  alle  Glieder  einer  Gleichung  yon 
mecbanischer  Bedeatnng  dimensionsgleich  sein  mQssen,  in  besonderer 
Form  ans^  indem  es  einen  Korper  gewisser  Gestalt  ein  Urbild^  die  tlbrigen 
dessen  Abbilder  nennt. 

HL  G'leiohfSrmige  (von  Zelt  und  Ort  unabh&ugige)  StrSmnngf 

in  BShren. 

16.  Allgemeines.  Die  einfachste  Art  der  Wasserbewegong  ist  die 
gleichfdrmige  (mouvement  uniforme,  moto  uniforme).  Sie  erfordert,  daB 
alle  Querschnitte  nntereinander  gleich  sind,  nnd  erfolgt,  wenn  auch  die 
Geschwindigkeitsyerteilung  in  alien  Querschnitten  dieselbe  ist  nnd  sich 
nicht  mit  der  Zeit  andert.  Als  einfachste  Querschnittsform  kann  der  yon 
Wasser  erfiillte  Kreis  gelten^  welcher  insofem  alle  Querschnitte  offener  Ge- 
rinne  an  Einfachheit  libertrifft^  als  bei  ihm  der  Unterschied  zwischen Wan- 
dnng  und  Spiegel  entfallt.  Bei  der  gleichformigen  Bewegung  in  Rohren 
ist  die  kinetische  Energie  offenbar  in  aUen  Querschnitten  die  gleiehe 
und  unabhangig  yon  der  Zeit.  Es  ist  daher  die  genannte  beschleunigende 
Kraft  dem  yerzogernden  Reibungswiderstand  der  Rohrwand  und  der 
Hohenunterschied  der  Spiegel^  bis  zu  welcher  das  Wasser  in  Standrohren 
aufsteigen  wiirde^  dem  Druckverluste  gleich.  Die  zwischen  den  Stellen  z 
and  g  +  dg  der  Leitungsachse  genommene  Druckgleichuug  (20)  bzw.  (21) 
nimmt  danach  bei  EinfUhrung  eines  auf  die  Langeneinheit  bezogenen 
Widerstandskoeffizienten  ti  bei  entsprechender  Wahl  derVorzeichen  die 
einfache  Form 

(23)  f  +  de=i,-^-^ds  =  fiU)ds 

9X1,  worin  ds  das  Bogenelemeut  der  Rohrachse  bedeutet.  Man  nennt  den 
Quotienten 

ds        ' 
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das  Gefalle  J  (relative  Gefalley  Druckgef alle,  Geralleyerlost  der  Langen- 
einheit,  perte  de  charge  par  unit^  de  longuear^  hydraulic  grade)  ^)  und 
hat  dann 

<23a)  ^-^^^    ^^^-   -^(^- 

Ober  die  Grofie  des  Koeffizienten  ^^  und  seine  Abhangigkeit  vom  Rohr- 
durchmesser,  der  Beschaffenheit  der  Wand  und  der  Fldssigkeit^  sowie 
der  Geschwindigkeit  TJ  selbat,  bzw.  iiber  den  Bau  der  Funktion  f  konnen 
nur  Yersuche  Aufschltisse  geben. 

Besonders  betont  werde^  daB  das  GefaUe  J  der  Formeln  nicht  mit 
dem  Gefalle  verwechselt  werden  darf,  in  welchem  die  Rohren  selbst 
liegen.  Bei  schwacher  Rohrneigung  stimmt  hingegen  J  mit  dem  Ge- 
falle der  Linie  liberein^  bis  zu  der  das  Wasser  in  offenen  Standrohren 
langs  der  Leitung  ansteigen  wiirde. 

Stets  ist  im  nachfolgenden,  wenn  nichts  anderes  bemerkt  wird, 
17  in  m  sec  ^  und  der  Durchmesser  X)  in  m  verstanden. 

17.  Altere  Formeln  fiber  das  Str5men  in  B5hren.  Das  Problem 
des  Ausflusses  aus  Gef a£en  laBt  sich  experimentell  einfacher  behandeln  als 
das  des  Druckverlustes  in  Rohren.  Die  Beobachtungen  liber  das  Stromen 
in  letzteren  gliederte  man  daher  zunachst  an  jene  fiber  den  AusfluD  an^ 
indem  man  die  AnsfluBmenge  fiir  den  Fall  bestimmte^  daB  sich  an  die 
Offnung  der  Gef  aB wand  ein  Rohr  anschlieBt.  Bei  dieser  Yersuchsanord- 
nung  setzt  sich  die  gesamte  Druckhohe  zwischen  GefaBspiegel  und  freiem 
Rohrende  in  die  Geschwindigkeitshohe,  den  Eintrittswiderstand  ins  Rohr 
und  den  bei  kurzem  Auslaufstutzen  geringfdgigen  Druckverlust  im  Rohr 
selbst  um.  Zu  einem  Einblick  fiber  diesen  konnte  man  also  erst  ge- 
langen,  nachdem  man  Beobachtungen  an  langeren  Leitungen  angestellt 
hatte.  Der  erste,  der  dies  tat,  war  C.A.Gouplet^)  und  zwar  bei  Yersailles 
an  funf;  allerdings  zum  Teil  in  schlechtem  Zustande  befindlichen  Strangen 
von  0,11  bis  0,49  m  Durchmesser  und  580  bis  3000  m  Lange.  Ihm 
folgte  Ch,  Bosswt%  der  an  WeiBblechleitungen  von  36  und  54  mm  Weite 


d 


(f+') 


1)  Oft  bezeichnet  man  auch  das  VerhaltniB  -j ,   wo   dx  die  Pro- 

ax 

jektion  von  da  auf  die  wagrechte  ^-Achse,  als  Gefalle,  ebenso  wie  man  anch  zu- 


Vr  ^    ^  ^9/  „j„     Vy  ^    ^  ig) 


weilen  (im  Falle  8t«tionS.rer  Bewegnng)  — - — -= —  oder  , 

Gef&lle  nennt. 

2)  P.  Couplet  des  Tartreaux,  Paris,  M^m.  de  Pacad^mie  fur  1782  (1736),  S.  148. 

8)  Bossut^  Traits  ^l^ment.  d'hydrodynamique,  Paris  1772  und  ders.  liber- 
setzt  von  K.  Chr.  Langsdorf,  Lehrbegriff  der  Hydxodynamik  2,  Frankfurt  a.  M. 
1792,  S.  129. 
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und  bis  58  m  Lange  beobachtete,  daB  die  Ausflnfimengen  sich  ungef  abr 
umgekebrt  wie  die  Wurzeln  ans  den  Langen  yerhalten,  also  die  Ge- 
schwindigkeiten  U  wie  die  Wurzeln  aus  den  6ef  alien  J  wachsen.  Graf 
L.  G.  Duibuat^)  unternahm  neue  Yersuche  and  stellte  aucb  eine  Formal 
auf ,  welche  jedoch  fQr  die  praktische  Verwendung  zu  verwickelt  aus- 
fiel.  Einfacber  ging  R.  WoUmann*)  vor,  der  87  Versuche  Couplets, 
Bassuts  nnd  Dubuats  beranzog  nnd  dessen  Ansdruck;  soweit  er  sicb  nur 
auf  die  Robrreibung  bezog^  sicb  als 

(24)  De/'- 0,00124  ?7i»«    oder     ?7=  45,8(De7)Vr 

wiedei^eben  laSt,  wabrend  J.  A,  Eytdwein^)  aus  51  Beobacbtungen  der 
drei  Genannten 

(24a)  2)e7«  0,00159  [7«    oder     Z7 «  25,1  (D  J')V. 

ableitete,  Qbrigens  die  Beziebung 

DJ  =  0,001 303  l7"/«     Oder     U  =  30,5 (DeT)"/.. 

fUr  nocb  zutreffender  bielt.  JR,  de  Prony*')  stellte  bingegen  auf  Grund  der 
namlicben  51  Yersucbe  yon  Couplet^  JBossut  und  Dubuat,  die  scbon  Eytel- 
icein  bevorzugt  batte,  die  Formel 

(25)  BJ^aU+bU*^  0,00006933  U  +  0,001 39304  J7» 

auf  ^  welcbe  in  Frankreicb  lange  Zeit  die  maBgebende  blieb.  Andere 
Werte  von  a  und  b  empfablen  Eytdwein^),  J.  F.  d'Atibuisson  de  Voisins^) 
und  J.  Weisbadi''),  der  die  Metbode  der  kleinsten  Quadrate  zur  Bestim- 
mung  Yon  a  und  b  anwandte  und  auBer  den  genannten  51  Beobacb- 
tungen nocb  eine  von  Gueymard^  beranzog.  Von  der  Bauweise  von  (25) 

1)  Dubuai,  Prmcipes  d'hydranlique,  Paris  1779  (Nonv.  ed.  1816). 

2)  Wcitmann,  £eitr&ge  zur  hydrauliflchen  Architektor  1,  GCttingen  1791, 
8.  166,  169. 

8)  Dubwxta  Prinzipien  der  Hjdraulik,  deutscli  von  Koamann,  mit  Zns&tzen 
▼on  Efftdwein,  Berlin  1796,  S.  86. 

4)  B.  de  Prany,  Recherches  pbysico-math^matiques  snr  la  throne  du  mou- 
vement  des  eaux  courantea,  1804,  S.  70,  84,  auch  dentsch  von  Langsdorf,  Giefien 
1818.  Verzeichnis  der  61  Yerduche  anch  in  G.  Met  finer  ^  Hjdraulik,  Jena  1878, 
8.  298.  Ibnlich  gebant,  aber  mit  iSngeren  Ausdrflcken  f&r  a  und-  6  ist  die 
Foxmel  von  Th.  Young^  Phil.  Trans.  1808.  Nach  Frony  findet  sich  der  Durchflu^ 
Q  =«  0,019  66  2>*(—  1  +  1077  }/57)  m»  sec->. 

6)  Berlin,  AbhandluDgen  d.  math.  Elasse  d.  Akademie  d.  Wissenschafben 
ana  den  Jabren  1814—16  (1818). 

6)  J.  F,  d'Aubuieeon  de  Voieins,  Traits  d'bydranliqne,  Paris  1884,  S.  172; 
2.  ^.,  Strasboorg  1840,  S.  224. 

7)  Polytechn.  Centralblatt  2  (1840),  S.  868. 

8)  Annales  des  mines  (2)  6  (1829),  8.  442. 


38    ni.  Gleichf5imige  (yon  Zeit  nnd  Ort  unabhSngige)  StrOmung  in  Bdhren 

ging  zunachst  G,  Hagen^)  und  spater  J.  Weisbach^)  ab,  der  nunmehr 
11  eigene  Versuche  den  friiheren  52  beiftigen  konnte  imd  die  Oleichung 

(25a)       DJ  -  ~  (OfiU 39  +  ^^^\  ==  0,00073334  V^ 

+  0,0004827  U'^- 

aufstellte,  welche  auch*  gegenwartig  noch  stark  in  Gebrauch  steht,  wah- 
rend  JB.  de  Saint -Venant^) 

DJ «  0,001 182  U'^'^r    Oder  U  -  51,00(Der)V» 
setzte. 

18.  Formeln  fiber  das  Strbmen  in  B,5hren  von  Daroy  bis  Lang. 
Schon  1829  hatte  J.  F.  d'Ai4buis$on^)  gefunden,  dafi  nach  JR.  de  Prony 
berecbnete  Robre  yiel  zu  wenig  Wasser  lieferten,  obne  jedocb  die  wabre 
Ursacbe  dieser  Erscbeinnng  zu  erkennen.  Dies  blieb  H.  Darcy  yorbe- 
balten,  welcber  bemerkte,  dafi  aufier  der  Licbtweite  und  dem  Gefalle 
aucb  die  Bescbafifenbeit  der  Robrwandung  fiir  den  DurcbfluB  maBgebend 
sei.  Frilber  batte  man  diesen  fur  gleicbgtiltig  gebalten  und  aucb  die 
Yersucbe  Couplet&,  Bossuts  und  IkAuata  batten  nicbt  das  Gegenteil  ge- 
lebrt,  weil  der  erstere  an  weiten  und  rauben,  die  beiden  letzteren  an 
engen  und  glatten  Robren  maBen.  Nocb  1869  sagte  G,  Hagen^),  daB 
zwar  wabrscbeinlicb  an  der  Robrenwand  eine  Wasserscbicbt  bafte,  daB 
deren  Dicke  aber  sebr  klein  bleibe  und  fiber  sie  binaus  eine  Einwirkung 
auf  die  Wasserbewegung  undenkbar  sei.  H.  Darcy  ^)  fUbrte  seine  Ver- 
sucbe  mit  groBer  Sorgfalt  an  21  Robren  aus  Scbmiedeisen,  Blei,  GuB- 
eisen,  aspbaltierten  GuB-  und  einem  Glasrobr  aus,  deren  Weiten  yon 
0,012  bis  0,5  m  wecbselten,  wabrend  die  beobacbtete  Strecke  —  das 
Glasrobr  ausgenommen  —  stets  100  m  lang  war.  In  der  Mitte  der 
Strecke  wurden  nebeneinander  drei  Wasser-  oder  (bei  groBerem  Druck) 
Quecksilber-Piezometer  aufgestellt  und  durcb  Leitungen  mit  der  jeweilig 
zu  untersucbenden  Robrenfabrt  derart  yerbunden,  daB  man  den  Druck 
in  der  Streckenmitte  und  den  beiden  Streckenenden  ablesen  konnte.  Der 
Einlauf  erfolgte  durcb  ein  Kopfstdck,  das  eine  gelocbte  Platte  entbielt, 


1)  Handbuch  der  Wasserbaukunst,  2.  Aufl.,  S.  186.    tlb.  d.  Einflnfi  d.  Tern- 
peratur  anf  die  Bewegung  des  Waesers,    Berlin,  Abhandlungen  d.  Akademie  d 
WiBsenschaflen  1854,  S.  1,  Berlin  1858,  S   220. 

2)  J.  Weishachy  Lehrbuch  der  Ingenieur-  und  Maschinen-Mechanik  1,  Braun- 
flchweig  1845,  8.  434.  Andere  Zahlenwerte  glaubte  G.  Zeuner  empfeblen  zu 
muBBen^  Civilingenieur  (2)  1  (1854),  S.  84. 

3)  B.  de  Saint-Venant,  Formules  et  tables  nouvelles,  Paris  1851,  S.  71. 

4)  Darcy  zitiert  Annales  de  physique  et  de  chimie. 

5)  Berlin,  Abhandlungen  d.  k.  Akademie  d.  Wissenschsften  (1869). 

6)  Paris,  M^m.  pr^s.  par  div.  sav.  15  (1858),  S.  176  =  S.  A.  S.  36. 
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und  der  Ablaof  je  nach  der  Durchflufimenge  in  ein  Eichbecken  oder  in 

eine  der  verscliiedenen  Eichtrommeln.   So  fand  Darcy,  dafi  in  neuen 

Guflrohren^) 

<26)  DJ=  (0,001014  +  M?^-?i^  C7» 

oder  bei  Einftlhrong  des  Durchflusses  Q  in  m^sec"^ 

und  in  ^ebraucbten  doppelt  so  grofi  sei;  Qberdies  habe  man  bei  Ent- 

wurf  Yon  Leitungen  den  Durchmesser  um  die  zu  erwartenden  Ablage- 

rungen  groBer  als  das  2>  der  Formel  (26)  zu  machen.   Da  D  ungefahr 

YJ  proportional  ist,  fUhrt  die  Verdoppelung  des  Widerstandskoefifizien- 

ten  nicht  auf  so  bedeutende  Vergrofierungen  der  Rohrweite^  als  es  zu- 

nachst  den  Anschein  haben  konnte,  sondern  nur  auf  ungef  ahr  die  l,15faclie 

Weite.  Yon  den  Formeln,  die  der  heute  noch,  namentlich  in  Frankreich, 

stark  in  Benutzung  stehenden  Darcy  schen  nachfolgten,  ist  zunacbst  die 

flich  darch  Einfachheit  auszeichnende  P.  Dupuits^  anzufiihren.  Derselbe 

gab  an,  daB  man  bei  Berechnung  der  dblichen  Leitungen  die  ErUmmer, 

Formsttlcke  usw.  nicht  weiter  zu  beachten  braucbe,  falls  man  Q = 20}/ D^ J 

annimmt.   Dupuits  Angabe  laBt  sich  zu  folgender  kleinen  Tabelle  er- 

^nzen:  |.,5 

^  «  20  VDV-  0,785  DW^  0,000001 87  ^, , 


(27) 


D  -  0,302  j/y  -  0,001 54  ^  =  1,128  ")/^ , 
J  =  0,0025 1-'  =  0,001 54  ^  -  0,001 37  ]/^* , 
?7=  25,5 yDJ==  1,27  J5  -  UfiVOJ'- 


Statt  der  ersten  senkrechten  Zahlenreihe  wendet  man  zuweilen  auch 
20,3,  0,3,  0,00243  und  25,8  an.  . 

Umstandlicher  gebaute Formeln  stellten  M,  Levy^)  und  Ph.  Gauckler^) 
auf,  welche  die  Formen: 


1)  Ebenda  8.  868,  254  ==^  S.  A.  S.  228,  114. 

2)  J,  Dupuity  Traits  th^orique  et  pratique  de  la  conduite  des  eaux,  2.  €d., 
Farifl  1865,  S.  149.  Die  in  England  sehr  gebra,ucbliche  Formel  von  Th,  Box  in 
Beinen  Practical  Hydraulics,  1.  Aufl.,  London  1867  bis  15.  Aufl.  1909  lautet  in 
xnetrischem  Mafi  Q  ^^  Idfidy/D^J.  Filr  Drainleitungen  benutzt  man  zuweilen  die 
«ogen.  GieselerBche  Formel  U  ==  20  yi)J  oder  D  =  0,832  \/^Q*J-\  welche  der 
Unregelm&Bigkeit  dieser  Leitungen  Recbnung  trSlgt. 

8)  Ann.  d.  pouts  et  chauss.  (4)  18  (1867*),  S.  250.  Fur  neue  Gufirohre  sei 
a  =  18,2,  h  =  0,5,  fur  alte  a  =  10,25,  b  =  1,5. 

4)  Ann.  d.  pouts  et  chauss.  (4)  15  (1868*),  S.  229. 
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(28)  V -  aVDj{l+iyD)    bzw.    YU+  ~Vu^  a\/DVj 

wahlten.  C.  /.  N.  Lampe^)  sprach  sich  1873  auf  Grand  der  alten  und 
eigener  Messongen  an  einer  14140  m  langen^  418  mm  weiten  Leitung 
far  eine  Gleichang  von  der  Form 

(29)  U^XDf*J\ 
namlich  fur 

(29a)  J-- 0,0007555^ 

ans.  J.  T.  Fanning^,  dem  auch  einige  amerikanische  Erfahrungen  za 
Gebote  standen^  blieb  bei  dem  einfachen  Ansatz 

u^xYdJ 

nnd  stellte  znr  Ausgleichnng  seiner  Ungenanigkeit  eine  Tabelle  znsam- 
men,  die  fOr  die  in  Bolimetzen  haufige  Gescliwindigkeit  von  0,9  m  see"  ^ 
zntreffen  soil,  nnd  auf  MetermaB  nmgereehnet  fiir  die  Werte  von  JD^Q~* 
nachstehende  Zahlen')  enthalt: 


Bohrdurchmesser 

Wandnng 

mm 

rein 

angegriffen 

sehr  ranh 

254 

0,00198 

0,00285 

0,00287 

608 

168 

198 

285 

762 

149 

173 

199 

1016 

184 

154 

178 

Die  grofie  Meinnngsverschiedenbeit,  die  nach  dem  Angef[ihrten  znr- 
zeit  unter  den  Hydraulikern  herrschte,  bewog  den  Yerband  dentscher 
Architekten-  nnd  Ingenieur-Vereine  znr  Angabe  von  Erfahrungen  be- 
ztlglicli  der  Druckverluste  nnd  ihres  Wachstums  wahrend  langer  Be- 
triebe  anfzufordem.  Ans  mehreren  Stadten  langten  Daten  ein,  deren  Er- 
gebnis  0.  Iben*)  dahin  znsammenfaSte,  daB  fur  reine  Leitnngen  die 
Formel  von  Darcy  noch  am  besten  mit  der  Erfahrung  stimme  nnd,  wie 
eine  1,219  m  weite  Leitnng  zeige,  auch  bei  grofitem  Durchmesser  noch 
anwendbar  bleibe.  Ein  Gesetz  fiir  die  fortschreitende  Znnahme  des  Wider- 
standes  finden  zu  wollen,  sei  jedoch  bei  der  Mannigfaltigkeit  und  Tin- 


1)  Civilingeniear  (2)  19  (1878),  S.  82. 

2)  J.  T.  Fanning,  A  practical  treatise  on  Water-Supply-Engineering,  2.  ed.. 
New- York  1878,  S.  249. 

3)  Messnngen  in  Wien  an  einem  Strang  von  948  nnd  869  mm  Dmr.  reihen 
sich  obige  Zahlen  gut  ein:  B.  Bodenseher,  Z.  d.  Ost.  I.  u.  A.V.  59  (1907),  S.  461. 
Formeln  von  Neville  und  Hawksley  gibt  W,  Humber,  A  comprehensive  treatise 
on  water-supply,  Lond.  1876,  S.  80;  s.  auch  J.  NeviUe^  Hydraulic  Tables,  London 
1860—61. 

4)  0.  Iben,  DmckhShenverlust  in  geschlossenen  eisemen  Rohrleitungen^ 
Hamburg  1880,  S.  60. 
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regelmaBigkeit  der  Ablagerungen  (Boet,  Schlamm,  Muscheln),  yei^eb- 
liches  Bemtlheii.  Immerbin  stellte  A,  Frank^)  unter  Heranziehung  der 
neuen  Daten  fdr  reine  bzw.  mit  Niederschlagen  bedeckte  gufieiseme 
LeituBgen  ^^_  ^^^^^^^  _^  o^^^ .  ^,^ 

^^^  DJ  -  (0,000495  +  ^^^-J  .  u' 

als  neue  Formeln  auf^  deren  Anwendnng  er  durch  Anfertigung  graphi- 
seher  Tabellen^  erleichterte. 

Im  Jahre  1883  verofiPentlichte  Hamilton  Smith  jun,^  88  mit  glatten 
Rohren  Ton  13  bis  32  und  genieteten  von  277  bis  656  mm  sorgfaltig 
durchgefUhrte  Versuche,  auf  Grund  welcher  Wehcige  *) 

(30a)         DJ-  0,000673  U^  +  (0,00046  +  ?!??^?!ij  fjv. 

berechnete. 

Dann  folgte  H.  Lang^),  der  ,,mit  BertLcksichtigung  aller  bis  1887 
veroflFentlichter^  und  300  eigener  Versuche,  die  Oescbwindigkeiten  U 
Ton  0,004  bis  53  msec^  umfaBten  (falls  nur,  wie  das  bei  den  prakti- 
schen  Anfgaben  der  Technik  fast  stets  zutrifft,  V  groBer  als  eine  ge- 
wisse  Orenzgescbwindigkeit  oder  kritische  Oeschwindigkeit  ist),  sagt, 
es  sei  fflr  glatte  Rohre  (fiber  den  Dorn  geprefit  oder  gezogen,  yon  Glas 
oder  Zinkblech  oder  innen  asphaltiert  oder  glasiert) 

(30b)  DJ-  (0,012  +  ^^)  I-  -  (0,000612  +  "^-""H)  ip^ 

fOr  so  geringe  Unebenheiten  und  an  den  Verbindungsstellen,  daB  der 
Dnrchmesser  des  freibleibenden  Querschnittes  von  D  nicht  verschie- 
den  ist, 

(30c)    DJ- (0,020 +  ^ff^)^^- {0,00102 +  '-^^)u^, 

f&r  wesentlich  raube  oder  im  Wasser  aufquellende  Innenflache,  sowie 
bei  mineraliscben,  pflanzlichen  oder  tierischen  Ablagerungen,  welche  den 
Dnrchmesser  yon  D  auf  D^  yerringern,  angenahert 

DJ- {P^\0,00102  +  ^P^)V% 


1)  Cifilingenienr  (2)  27  (1881),  S.  209,  215. 

2)  A.  Frank,  Die  Berechnung  der  KanHle  u.  Rohileitangen ,  Munchen  and 
Leipzig  1886. 

8)  Am.  Soc.  Giy.  Eng.  Trans.  12  (1883),  S.  119;  Ham.-Smith  jr.,  Hydraulics, 
Loiid.-N.York  1886,  S  237,  241,  266. 

4)  DinglerB  Polytecbnisches  Journal  (6)  2  (1884),  S.  89. 

6)  Dee  Ingenienrs  Taschenbuch  1,  heransg.  v.  akad.  Yer.  Hatte,  14.  Aufl., 
Berlin  1889,  sowie  die  folgenden  Auflagen.    Siehe  auch  unten  S.  66. 


\ 
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wobei  man  U  so  zu  rechnen  habe,  als  ob  der  Querscbsitt  noch  der  alie 
geblieben  ware.  Neuerdings  f&gte  Lang  hinzu,  dafi  seine  Aufstellong 
unr  fiir  D  >  0^5  gelte;  auch  unterschied  er  scharfer  die  (jrade  der 
Glatte  und  berticksicbtigte  die  Wassertemperatur,  indem  er  0,0018 

bei  0«  10«  20<>         lOO^C 

durch      0,0023      0,0020      0,0018      0,0004 

^rsetzte^). 

Beispiele.  Zur  L^sung  der  zahlreichen  Aofgaben  ana  der  Praxis,  bei 
welchen  mehrere  Gleichusgen  gleichzeitig  zu  erfflllen  sind,  eignet  sich  Dupuito 
Ansatz  (27),  weil  der  einfacbsie,  am  beaten.  Nachstehende  Beispiele  ')  mOgen  dies 
erl&atern. 

1.  Der  Robrstrang  III  gabelt  sicb  in  II  in  die  beiden  Zweigleifcungen  EL  III 
und  U IV.  Bei  bekannten  Dmckb5hen  (s.  Abb.)  \  nnd  \ ,  Leitangsl&ngen  {,  \  nnd  2,, 
Durchmesser  D  und  DarchfltLssen  Q^  und  Q^  m5ge  man  die  Robrdurchmesser  D^ 

und  D,  ermitteln.  Aus  61.  (27)  folgt,  allgemein, 
\       \        dafi    der    DruckhOhenyerlust    «  0,0025     oder 

0,00248  -g)  •  BobrlUnge  ist,  und  daher  bier 
sein  muB,  woraus  sicb  die  beiden  Dorcbmesser 


Y    400^ "^^ 


ergeben. 

2.  Wird  der  Strang  III  IV  aus  zwei  Hocbbeb&ltem  gespeist  und  sind  (s.  Abb.) 
die  Leitungsl&ngen   ?,  l^  und  7,,   die  Durcbmesser  D,   2)^   und  D,,   sowie   die 

Druckb5ben  \  und  h^  bekannt,  so  l&fit 
sicb  (vgl.  das  Torige  Beispiel)  der  Gesamt- 
durchfiufi  Q  =^  Qi-{-  Qt  8'UB  den  beiden 
Gleicbungen 

;^  =  0,00248 p +<?•>•    -    ^ 


A,  >>  0,002  43 


[ 


UQ,  +  Q.y  ^ifQ.' 


J)' 


recbnen.     Ist  beispielsweise    I  =  800  m,    Zj  «=  600  m,    7,=  300  m,    D  =»  0,25  m, 
Dj  =  0,15m,  D,  =  0,10  m,  \  =  25  m,  \  «=  30m,  so  hat  man 

(Ci+W+M4Ci'=  0,0126     und     (§,+  (?,)»+ 36,62  $,»=  0,0161, 
daher  Q^  ^  0,0348  m*  sec"  \  ^j  »=  0,0183  m»  sec" »  und  ^  =  0,0531  m  sec" 


»-i 


1)  Ebenda,  21.  Aufl.  1911,  S.  296. 

2)  F.Wittenbauer, Aufgaben  aus  dertechnischeuMechanik  3, Berlin  1911, S.40. 
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8.  Sind  die  DnrcfameBAer  von  Rohrstr&ngen  derart  zn  w&hlen,  dafi  die  Eosten 
mOglichst  klein  werden  ^),  so  verfahre  man  nach  folgendem  Master,  bei  welchem 
angenommen  wixd,  dafi  zwei  wagrecbte  Str&nge  von  den  L&ngen  2^  and  2,  von 
«inem  gemeinsamen  Pampwerk  unter  Aafwendang  dei  Druckh5he  h  mit  den 
Durcbflnfimengen  Q^  and  Q,  versorgt  werde.  Die  Herstellangskosten  der  beiden 
Str&nge  and  die  Anlage-  and  kapitalisierten  Betriebskosten  des  Pampwerkes 
kOnnen  dann  angef&br  auf  S  ==  Ar^ (D^ Zj  +  D, 2,)  +  K^{Qi-{-  ft)  geschatzt  wer- 
den, worin  k^^  and  k^  konstante  GrOSen  bed  eaten.    Aas  Gl.  (27)  folgt 

h  «  0,0026  ^^  =  0,0026  ^^ 
und  daher 


S  -  *,  A  [h  +  ?.y,^-|^J  +  *.  (Ci  +  ft)  •  0,0026  h^ . 

Far'3^=7-  »i  0  eihSltman  dasEostenminimum  and  somit  die  gesucbtenDurchmesser, 

19.  Formeln  uber  das  Str5men  in  B5hren  seit  Beynolds.  Bis 
T-or  kurzem  schien  es,  als  ob  Lang  der  letzte  bliebe,  der  mehrere  Po- 
tenzen  der  Gesphwindigkeiten  in  den  Ausdruck  fQr  die  Beziehung  zwi- 
flchen  ihr,  dem  Dnrchmesser  D  und  dem  Druckgef  alle  J  einfuhrte^  denu 
schon  gelangte  ein  Nachweis  von  0.  Reynolds*)  zur  Geltung^  daB  J  einer 
Potenz  von  U  proportional  sei.  Dieser  hatte  Versnche  mit  Bleirohren 
Ton  0,615  und  1,27  cm  Durchmesser  vorgenommen,  die  weil  (im  Gegen- 
satz  zn  Gufieisenstrangen)  fugenlos  sich  fiir  Forschungen  besonders 
eignen.  Abweichend  von  den  frtiheren  Beobachtern  hatte  er  Strecken 
von  nur  1,5  m  Lange,  die  tadellos  randen  Querschnitt  hatteD,  untersucht 
and  war  bei  seinen  Messungen  bis  zu  Geschwindigkeiten  von  4,7  bzw. 
7  msec"^  vorgeschritten.  Vor  den  Beobachtungsstrecken  hatte  er  noch 
3  bis  3,3  m  Rohr  angeordnet,  welche  die  RegelmaBigkeit  der  Stromung 
sichem  soUten.  Sobald  U  die  kritische  Geschwindigkeit,  von  der  noch 
unten  die  Rede  sein  wird,  Ubertraf,  erhielt  er  bei  Auftragung  der  Loga- 
rithmen  von  J  und  U  gerade  Linien,  welche  zeigten,  daB  U  proportio- 
nal einer  Potenz  von  J  anwuchs.  Aus  der  Neigung  der  Geraden  ging 
des  Naheren  in  Pormel  (28)  der  Zahlenwert 

<31)  4  -  1,723 


1)  Das  giinstigste  Robrnetz  bebandelt  Ph.  Forchheimer,  Z.  d.Y.  deatscb.  Ing. 
38  (1889),  S.  866,  411;  34  (1890),  S.  679;  60  (1906),  S.  1964;  Z.  d.  Ost.  I.  a.  A.V. 
47  (1896),  S.  84.  Ein  Verfahien  zur  Nacbrecbnang  bei  starker  Verzweigang  gibt 
F.  Blaefi,  Die  StrOmang  in  BObren  asw.,  Muncb.-Berl.  1911. 

2)  London  Phil.  Trans.  174  (1883),  S.  976  ^  0.  Beynolds,  Papers  on  mecba- 
nical  and  physical  subjects  2,  Cambridge  1900,  "S.  64. 
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her y or.  0.  JReynolds^)  hatte  sich  ferner  Qberzeugt,  dafi  auch  die  Barcy- 

schen  Yersuche  gerade  Linien  ergaben  nnd  zwar  lieferten  sie  fQr 

Durch  ABphal- 

LOtong             tierte  ROfaren          Wieder 

▼erbnndene  Schweifi-  !Nene         mit  Sinter-  gereinigte- 

Glasrohi        Bleirohre  eisenrohre  Gufirohre         absatz           ROhren 

-i--     1,79  1,79  1,82  1,88  2,0  1,91. 

Almlicb  ergaben  spater  Messongen  yon  D.Fitg  Gerald^)  an  zwei  benach- 
barten,  mit  Ansatzen  bedeckten  Gufieisenstrangen  yon  1,219  m  Dorch- 

messer  im 

Nordstrang  Sfldstrang        gereinigten  Nordstrang 

111 

Cr=-     30,3  J^<«  32,1J«'»2  bOfiJ^^K 

0.  Beynolds  schlofi  auch  auf  den  Zusammenhang  zwischen  U  nnd  D^ 
kam  znr  Ansicht,  dafi  sich  deren  Exponenten  zur  Zahl  3  erganzen  und 
gab  als  aUgemeine  Formel^,  die  sowohl  fiir  Haarrohrchen  als  filr  weite^ 
Rohre  gelte, 

(31a)  J ?- . ^, 

ul  (1  +  0,0886 «+ 0,000 2212 ty"**  D*"» 

worin  A  =  67700000  und  B  =  396,3,  femer  fflr  Haarrohrchen  n  =  1^ 
f&r  weite  Rohre  n  »  1,7  bis  2  sei,  daher  ftlr  letztere  genfigend  genau 

i}l,7  bit  2       |7l,7  bia  S  77 1,7  bli  2 

(31b)     J=?-^_.-|^^- ^-0,000385  bis  0,00232|i;^^, 

zutreffen  milflte. 

Zun&chst  yersuchte  E.  Thrupp*)  die  Betrachtung  Beynolds'  einer  filr  die- 
Rohrsorten  der  Praxis  passenden  Formal  zngrande  zu  legen.  Anf  metrisches  Mafi- 
mngerechnet  laatet  sie  fOr 

Bleirohr  Glattes  Genietetes  Neuee  Altes 

Schweifieiaenxohr  Gafieisenrohr 

TTl.76  771,50  rr  1,825  rjl^  tj% 

1000/  =  1,01  ^-         0,716  ^,_-        0,888  —  — -       0,722  -  -  , .        0,630  —r-- 

and  zeigt  in  dieser  Form  die  Ungereimtheit,  dafi  sie  fCir  {7—1  nnd  D  ^^  I  bei 
nenem  Gufirohr  J  grOfier  als  bei  altem  ergibt. 

Eine  grofie  Anzabl  Yersuche  stellte  C,  H,  TuUon^)  zusammen,  nach 
dessen  Meinung  die  Formel  Reynolds'  insofem  einer  Anderung  bedtlrfe,  als. 

(31c)  ^  +  t;«l,17 


1)  London  Phil.  Trans.  174  (1888),  S.  981  «  Papers  2,  S.  104. 

2)  Amer.  Soc.  Civ.  Eng.  Trans.  85  (1896),  S.  268. 

8)  London  Phil.  Trans.  174  (1888)  =  Papers  2,  S.  97. 

4)  A,  H.  Gibson,  Hydraulics  and  its  applications,  Lond.  1911  nach  Society 
of  Engineers  Tpuisactions  for  1887  (1888),  S.  231,  262. 

6)  Journal  of  the  Association  of  Engineering  Societies  18  (1889),  S.  191,  zi- 
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«ei,  wahrend  diese  Samme  nach  Beynolds  zwischen  1  und  1,35  ecbwan- 
ten  wtLrde.  Aus  Auftragungen  leitete  er  schliefilich  ab,  es  sei  im  allge- 
meinen  U  f&r 

ZinnreJhren 61,26  D^^  J^^ 

BleirObren 46,6       „         ,, 

Messmg-,  Zink-  und  GlaarOhren 44,6  JD^^^  J^^^ 

GufieiseniOhren 43,1  I>^»"  J^^^ 

HolzdaubeDr5hren 33,4  i)®'**  J^^^ 

Neue  gafieiseme  oder  geteerte  BOhren.    .   34,8       „        „ 

In  Grebranch  stehende  fi^hren 27,8       „        „ 

Angegriffene  B6hren 8,0  bis  21,4       „         „ 

Ans  Schfissen  zusammengenietete  R()hren   30,8       „        „ 

Leder-  and  Gummischl&nche 42,8       „        ,, 

Aflphaltierte  SchweiBeisenrChren 45,8  l/^»*^  J^^ 

GroBe  Ziegeldohlen 24,4  bis  84,5  D^'^^  J^^* 

Enge  an  Beyndds  schlofi  sich  A,  FlamatU^)  an,  der,  gestfitzt  auf 
Yersnclie  von  Couplet,  Jardine^,  Bossut,  Dubuat,  J, Leslie^),  J. Simpson^), 
H.  Darcy,  G.  E,  Bailey*),  G.  S.  Greenf%  J.  M.  GaU%  C.  J,  N.  Lanipe, 
a  G.  Darrach%  v.  Mmann'^),  0.  Iben'^,  Hamilton  Smtih,  F.  P.  Steams^), 
a  Herschd,  C,  B,  Brush^),  K  C.  ClarJce^^),  Humblot^^)  nnd  Meiinier^% 


tiert  nach  Am.  Soc.  Civ.  Eng.  Trans.  61  (1903),  S.  820;  ygl.  H,  T,  Bovey,  Treatise 
on  Hydraulics,  8.  163.  Messnngen  an  HolzdaubenrShren  machten  C.  D.  MarXy 
C.  B,  Wing  nnd  L.  M,  Hoskins  und  Ewar  bei  1,829  m  Lichtweite,  Am.  Soc.  Civ. 
£ng.  Trans.  40  (1898),  S.  471,  41  (1899),  8.  56,  44  (1900),  8.  34;  femer  Th.  A.  Noble 
bei  1,372  m  Weite,  ebenda  49  (1902),  8.  112.  Daten  aber  genietete  Str&nge  gibt 
22.  Weyraudi,  Hydraulisches  Bechnen,  2.  Aufl.,  Stuttgart  1912,  8.  96  wieder. 

1)  Ann,  d.  ponts  et  chauss.  (7)  4  (1892*),  S.  301  u.  346.  Die  amerikanischen 
Daten  entnahm  Flamant:  Hamilton  Smiih  jun.,  Hydraulics^  London  New- York 
1886;  E.  GangutUet  und  JR.  Kutter,  A  general  formula  for  the  uniform  flow  of 
Water  translated  by  B.  JBering  and  C.  Trautwine  jr.^  New- York  London  1889. 
Eine  recht  voUst&ndige  Zusammenstellung  ftlterer  Yersuche,  denen  er  einige  eigene 
beifOgte,  gab  E  B.  Weston.  Am.  Soc.  Cir.  Eng.  Trans.  22  (1890),  S.  28,  der  ebenda 
eine  Formel  fur  glatte  Rohre  von  D  <  0,09  aufstellte. 

2)  Brewsten  Encyclopaedia  (nach  Weston). 

3)  Min.  Proc.  Inst.  Civ.  Eng.  14. 

4)  J.  P.  Kirktoood,  The  Brooklyn  Water  Works  and  Sewers,  New- York  1867 
(nach  Weston). 

6)  Trans.  Instit.  of  Eng.  in  Scotland  12  (1869)  (nach  Weston). 

6)  Am.  Soc.  Civ.  Eng.  Trans.  7  (1878),  S.  122. 

7)  0.  Iben,  Druckhdhenverluste,  Hamburg  1880. 

8)  Am.  Soc.  Ciy.  Eng.  Trans.  14  (1885),  8.  1. 

9)  Am.  Soc.  Ciy.  Eng.  Trans.  19  (1888),  S.  92. 

10)  Eliot' C.  Clarke,  Main  Drainage  Works  of  the  City  of  Boston,  3.  ed.,  1888 
(nach  Weston). 

11)  Erst  von  Flamant  yerOffentlicht 
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(32)  U^kBf^J'^XB'l^ri^    Oder    DJ^^^U^ 

oder  auch 

(32a,  b,c)    D'-J^a^UVs     Q^a^D'y^Jv.^    DJ^^^a^Q''^* 

setztO;  wobei  er  fQr 


Blei-,  Glas-, 

WeifiblechrGhzen 

neue  GufirOhren 

gebrancbte  R5hreii. 

X  »      76,8      bis      68,1 

61,5 

64,8 

ai  «  0,00062    „    0,00062 

0,000  74 

0,00092 

ag=      59,1       „       53,6 

48,3 

42,7 

0,=     0,228      „      0,281 

0,240 

0,261 

angab.  Wahrend  nach  Tution  v  abnimmt,  wenn  ^  wachst,  stehen  nach 
A.  V.  Saph  und  E.  W,  Schoder  /i  und  v  in  festem  Verhaltnis.  Sie  wiesen 
durch  genaue  Messungen  an  sehr  glatten  Messingrohren  von  2,b  bis 
52  mm  nach,  daB  auch  bei  scheinbar  gleicher  Beschaffenheit  zweier 
Rohre,  deren  Ergiebigkeit  yerschieden  sein  kann  und  brachten  dies 
durch  die  FormeP) 


(33) 
oder 


J-0,000536|^±7% 


zum  Ausdruck.  Ahnlich  gelte  fUr  Rohren  mit  einigen  Ansatzen,  wie  die 
Verfasser  wesentlich  aus  fremden  Arbeiten  schliefien, 

f  V  «  37,7  m^^  J^^^  bis  25,1  ^^^  J^^, 

(33  a)  I  u^fi^  u^ 

^      ^  \J^  0,001 35 -^^,  bis  0,001 59 -^,. 

und  filr  die  Rohren,  mit  denen  der  Ingenieur  meist  zu  tun  hat,  also  als 
praktische  Regel: 

(33  b)  J  =  0,000  53  bis  0,001 14  -^^— ^^ — 

Die  trbereinstimmung  von  (33  b)  mit  Flamant&  61eichung(32a),  so  weit 
sie  sich  auf  Gufirohren  bezieht^  also  mit 

J^  0,00074  bis  0,000  92 -1*'^ 

ist  aufierordentlich  grofi,  nur  verabsaumt  Flamant  fur  grofie  Rauhig- 
keit  Z7^'^*  in  f7*  iibergehen  zu  lassen. 

DaB  femer  der  Koeffizient  0,00092  fiir  viele  Leitungen  zu  gering^ 
ist,  haben  Beobachtungen  von  U.  Masoni^  an  der  Hauptzuleitung  von 

1)  Am.  Soc.  Civ.  Eng.  Trans.  61  (1903),  S.  306. 

2)  Bolletino  del  Collegio  degli  Ingegneri  e  Architetti  di  Napoli  19  (1901),. 
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Neapel  ergeben.  Derselbe  will  ihn  daher  fiir  Z)  ^  0,7  m  durch  0,00138 
ersetzt  wisseD.  Andererseits  gewahrt  Flamants  Formel  bei  engen  GuB- 
Tohren  keine  gentigende  Sicherheit  gegen  die  nacbteiligen  Folgen  yon 
Ablagenmgen,  so  dafi  sicb  P.  Alibrandi^)  auf  Grund  des  yon  Flamant 
zusammengesteUten  Stoffes  yeranla£t  fand,  statt  dessen  Gleicbnng  den 
Ansatz 

(33c)  IT  -  (47  -  ^-^)  VW-  -  (33,23  -  ^^)  VDJ 

zu  empfeblen.  Bei  Bleirobren  sind  Ablageningen  weniger  zu  befiircbten^ 
aber  ausgedebnte  Yersucbe  der  Stadt  Paris  lebrten'),  wie  nacbstebende 
ZusammenstellaDg  erlautert,  da£  die  Gl.  (32  a)  mit  a^  =  0,0056  im  all- 
gemeinen  etwas  zu  groBe  Durcbfliisse  ergibt: 


GefUle 

Yerlialtnis  der 

gemessenen  zur  berechneten  Menge             1 

J 

0,01 

0,018 

0,016 

0,02 

0,03 

0,04 

0,01 

1,17 

1,18 

1,04 

0,97 

1,07 

1,00 

0,05 

0,96 

0,92 

0,96 

0,94 

0,94 

0,81 

1        0,126 

1,08 

0,91 

0,97 

0,94 

1,00 

— 

0,36 

0,91 

0,86 

0,88 

0,83 

0,87 

— 

1,60 

0,96 

0,89 

0,90 

0,88 

0,90 

0,96 

2,50 

0,97 

0,90 

0,91 

0,93 

0,92 

0,94 

Ala  einen  Sonderfall  yon  (33b)  kann  man  die  yon  E.  Fofi^)  ge- 
gebene  Gleicbung 

(33d)     J-  0,000768^  =^,:51  _^;^_0,0O11773^ 

anffassen,  weil  sie  z.  B.  ftir  D  =  0,02  bzw.  2  m  in 

J"- 0,00105-^  bzw.   0,000715^ 
'  2)/*  D^* 

tlbergeht. 

Eine  andere  amerikaniscbe  Formel  ist  die  yon  W.  Cox,  welcbe  in 
MetermaB^)  umgerechnet 

Nr.  8,  9.  —  Die  logarithmiache  Auftragung  einer  von  H.  B.  W.  Stent  mitgeteilten^. 
biflher   unverOffeDtlichten  Messong  an   einem    1,007  m   weiten,   20,9  km   langea 
Gufirohntrang  der  Londoner  Wasserwerke,  der  19  Monate  in  Betrieb  gestanden 
war,  gab /«  0,0010017^' =0,00106  Cr^»^2>"-^'^^   oder   0,00109  C7*'■'D"^»^    also- 
einen  auffallend  niedrigen  Exponenten  von  U, 

1)  Ingegneria  Civile  1896. 

2)  Ba/tits,  Revue  de  m^caniqne  22  (1908*),  S.  525. 

8)  Journal  of  the  Association  of  Engineering  Societies,  Philadelphia,  Juni 
1894,  zititiert  nach  H.  Hederich  =  G.  Meifiner,  Hydraulik,  2.  Aufl.,  Jena,  S.  360,.. 
woselbst  auch  zugehOrige  Tafeln. 

4)  Hederich,  ebenda  S.  359  nach  American  Machinis);,  Dez.  1898. 
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eT-  (0,91136  U^  +  0,34722  U-  0,042333)  j^ 

lautet. 

Der  Zeit  nach  folgt  nun  die  yon  H.  Bazin  fiLr  offene  Lanfe  aufge- 
«tellte,  spater  naher  zu  besprechende  Formel  (45) 

1+   ^ 


welche  G.  Fantoli^)  mit  B  «  ^D  und  y  -  0,23  far  die  0,1  bis  1,2  m 
weiten  Gufirohren  and  mit  y  =  0,20  fQr  die  0,4  bis  1,2  m  weiten  Beton- 
Tohren  der  Apulischen  Versorgung  empfahl.  (Tabelle  IV  des  Anhanges 
gibt  f&r  verscbiedene  y  und  R  die  Werte  des  bier  einen  Brucb  bilden- 
den  Koeffizienten  von  yRJ.) 

Hier  moge  aucb  der  Ansatz  von  T.  Christen')  erwahnt  werden, 
der  sicb  zu 
<33e)  U^Xm^^^J^^ 

nmwandeln  lafit,  also  mit  (33  a)  fast  libereinstimmt;  als  Werte  Yon  k 
gibt  Christen  31,7  fiir  neue,  geteerte  Gufirobre,  27,2  fur  scbwache  EnoUen- 
bildung  U8W. 

Als  letzte  bierber  gehorige  AuBerung  sei  die  von  TT.  (7.  TJnwin  an- 
geffibrt,  der  Tabellen  ausrecbnet'),  nacb  welcben  f&r 

neue  QuBrobre  J  -  0,000  846  -^     oder     17-37,6  JDf'^^  J^^^ , 

alte  „        J  =  0,001 86     -^^       „        U^  23,2  Ifi^^  J^^^ , 

und  f&r  reine,  aber  nicbt  ganz  neue  Robre  J  etwa  1,10  bis  l,15mal  so 
groB  wie  fUr  neue  sein  soli. 

Wabrend  Beynclds  in  glatten  Bleirobren  aucb  nocb  bei  7  m  6e- 
scbwindigkeit  J  proportional  U^^'^^  gefunden  batte,  beobacbteten  Vidal 
und  Kauffniann^)j  welcbe  bis  zu  5  m  Gescbwindigkeit  vorscbritten,  in 
«iner  0,475  m  weiten  Leitung,  die  alle  6  m  Flanscbenverbindung  und  da- 
zwiscben  alle  2  m  Nietverbindung  mit  tTberlappung  aufwies,  eine  Zu- 
nabme  des  Exponenten  mit  der  Gesebwindigkeit  und  zwar  in  auf- 
faUend  bobem  Grade.  Sie  ermittelten  namlicb  fQr  den  Durcblauf  von 
reinem  Wasser  in  der  neuen  Leitung 

J"=  0,00224  m^  +  0,0003  f7* 


1)  Relazione  di  Giudizio  . . .  dell'  Acquedotto  Pugliese,  Genua  1910,  S.  6,  31. 

2)  T.  Christen,  Das  Gesetz  der  Tanslation  des  Wassers.  Leipzig  1908,  S.  149. 
8)  W.  C  Unwin,  A  Treatise  on  Hydraulics,  London  1907,  S.  828. 

4)  Ann.  d.  ponts  et  chauss.  (8)  30  (1907^,  S.  72. 


19.  Formeln  seit  Reynolds  49 

imd  ein  Jahr  spater,  nachdem  der  Durchgang  von  hunderttausend  Enbik- 
metem  Baggergut  die  Innenleibung  abgeschliffen  hatte, 

J^  0,00215  U^^  +  0,000021  V\ 

Hierzu  sei  bemerkt^),  dafi  den  Messungen  im  neuen  Rohr  ebenso  gut 

far  U<  0,41     J^  0,00234  m^  -  0,00092^, 

„    17 >  0,41    J=  0,00127  J7«'"- 0,00050-^^, 
and  im  geglatteten 

fftr  U<  0,47    J-  0,00200  17^"  _  o,00079^^, 

„    J7>0,47    J^=  0,00140  ?7«»o*- 0,00065^ 

«ntspriclit,  worin  die  EinfQhrung  von  D*'**  den  Vergleich  mit  den  Formebi 
Ton  Flamanty  sowie  yon  Saph  und  Schoder  erleichtem  soil. 

E.  Sanne^  ist  der  nicht  unberechtigten  Ansicht,  dafi  sich  nur  f&r 
xeine  Leitungen  eine  Formel  aufstellen  lasse.  Er  bemerkt,  dafi  bei  0,1 
and  0,15  m  Dnrchmesser  die  yon  Ibeti  mitgeteiltenBeibnngshohen  durch- 
weg  grofier  als  dienach  Darey  fQr  neue  Leitungen  berechneten  waren,  dafi 
bei  2)  =»  0,3  m  die  Versuche  teils  grofiere,  teils  kleinere  Druckverluste 
als  Dafcys  Formel  ergaben,  und  dafi  bei  D  »  0,5  m  kein  nennenswerter 
Unterschied  zwischen  Beobachtung  und  Brechnungsergebnis  herrschte. 
Er  betont  unter  anderem,  dafi  nach  Lang  fiir  enge  Rohre  die  J  noch 
kleiner  als  nach  Darcy  waren  und  gibt  schliefilich  die  eigene  Formel 

DJ-  (o,00087  +  0.00012  VF+o.oooo8-|  j^,_  ^ ^^^ 

die  far  U  ^  c  I/-7-  bei  genauerem  Rechnen  als  in  der  Quelle  fiir 

D-    0,05    0,1      0,2      0,4      0,6      0,8       1,0      1,2       1,6, 
c-44,6    50,8     55,7     59,4    61,0    62,0    62,6    63,1     63,8 

€rgibt,  wahrend  die  entsprechenden  Werte  nach  Darcy 

51,1     56,0    59,2     60,9     61,4     61,8     62,0     62,2     62,3 

waren.  Die  Reibungshoben  gebrauchter  Leitungen  lassen  sich  nach  Sonne 
iinden,  indem  man  diejenigen  der  neuen  Leitungen  mit  einem  „6ebrauchs- 
beiwert'^  multipliziert  und  zwar  sei  im  Mittel  fiir 

D-0,1     0,2    0,4    0,6    0,8     1,0  m 
der  Gebrauchsbeiwert  -  2,0     1,8     1,6     1,4     1,2     1,1 . 


1)  Bisher  TmyerGffentlicht. 

2)  Z.  d.  y.  dentech.  Ing.  51  (1907),  S.  1615. 

Porohheimer:  Hydraolik 
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20.  Die  kritisohe  Gesohwindigkeit.  Formeln  von  Biel  und  Blasius. 
Es  war  schon  von  der  Bewegung  in  Haarrohrclien  und  yon  der  in 
weiten  Rohren  die  Rede,  aber  noch  nicht  in  dem  t^bergang  der  einen 
Bewegnngsweise  in  die  andere.  G.  Hagen^)  hat  ihn  zaerst  beobachtet^ 
indem  er  bemerkte,  dafi  dem  Wasser  beigemengte  Bemsteinspane  bis 
zu  einer  gewissen  Gesohwindigkeit  parallel  der  Wand  durch  eine  Glas- 
rohre  schwammen,  bei  tJberschreiten  dieser  Gesohwindigkeit  aber  plotz- 
lich  in  heftig  wirbelnde  Bewegung  gerieten.  Der  anstretende  Strahl  hatte 
Yorher  das  Aussehen  eines  glatten  Glasstabes^  naohher  infolge  kleiner 
Wellen  auf  seiner  Oberflaohe  das  matten  Glases;  auBerdem  wurde  er 
wahrend  des  tTberganges  zuckend  und  unruhig. 

0.  Reynolds*)  hat  dieVorgange  genauer  uutersucht.  Er  liefi  durch 
ein  Glasrohr  mit  allmahlieh  verjungter  Offnuug  Wasser  fliefien  und  fQhrte 
in  die  Mitte  einen  gef  arbten  Fliissigkeitsfaden.  Bei  moglichster  Ruhe 
im  Speisegefafi  stromte  das  Wasser  in  Schichten  (parallel  motion) 
durch  das  Rohr,  wenn  die  Gesohwindigkeit  unterhalb  der  „kritischen'^ 
lag.  Nach  tJberschreitung  der  kritischen  Gesohwindigkeit  trat  „Wirbe- 
lung"  (Turbulenz,  sinuous  motion)  ein,  welche  sich  bei  gewohnlicher 
Beleuchtung  durch  Farbung  des  ganzen  Wassers  zu  erkennen  gab.  Im 
yerdunkelten  Raum  konnte  man  beim  Lichtblitz  elektrischer  Funken 
die  einzelnen  Wirbelfadeu  wahrnehmen.  Der  Wirbel  begann  nie  am 
Einlauf,  naherte  sich  ihm  aber  bei  VergroBerung  der  Geschwindigkeit. 
Die  Wirbel  wuchsen  nicht  allmahlieh  an,  sondern  traten  plotzlich  in 
aller  Starke  auf,  und  Reynolds  schlieBt  daraus,  daB  bereits  vorher  der 
Zustand  sehr  labil  gewesen  sein  miisse.  Da  hiemach  fiir  die  kritisohe 
Gesohwindigkeit  sowohl  die  Gleichung  der  Kapillarbewegung 

(Uf)  17=^-^, 

als  auch  gemaB  (27)  oder  (29)  die  der  turbulenten  Bewegung 

also 

gelten  milBte,  war  als  Form  des  Ausdruckes  fur  die  kritische  Gesohwin- 
digkeit 

Z7krit  ^  konst.  y^ 


1)  Berlin,  Sitzungsberichte  d.  preufi.  Akademie  d.  WiBs.  1854.  Die  erste  ein- 
Bchlagige  Bemerkung  machte  G.  Hagen  in  Ann.  Phys.  Chem.  (2)  16  (1889),  S.  442. 

2)  London  Phil.  Trans.  174  (1883),   S.  936  =  0,  Beynolds,  Papers  2,  S.  71. 
Proc.  of  the  Royal  Institution  of  Great  Britain  1884  «=  Papers  2,  S.  168. 


20.  Die  kriidBche  GeBchwindigkeit   Formein  yon  Biel  und  Blasius        51 
ZQ  erwarten  und  zwar  fand  Beynolds^): 

(34)  t/krit  =  43^9^1  _|_  0,0387  r+  0,000221  T«)5  ^  ®®®"   * 

Hier  stammt  der  Nenner  Yom  inneren  Beibungskoeffizienten  (siehe  oben 
14  a)  PoiseuiUeB  und  bedeutet  T  wieder  die  Temperatur  in  ®C,  femer  D 
den  Rohrdurchmesser  in  m.  Das  gibt  z.  B.  fur  Wasser  von  10  bzw.  12 
und  2V  C 

rr             0,0168      ,             0,0159      ,              0,0127 
t/krit  =      2) —      "^^*    ~~D —       ^^'    ~~D 

Sine  plotzlicbe  Anderung  des  Widerstandsgesetzes  hat  auch  M.  Couetie^) 
bei  dem  Stromen  durch  Rohren  und  bei  Umlauf  einer  Trommel  unter 
•Wasser  in  einem  nur  wenig  grofieren  OefaBe  erhoben. 

jff.  T,  Barnes  und  E.  G.  Cciker^)  baben  spater  gefunden,  dafi  die 
Geschwindigkeit  JJkrit  von  der  urspriinglichen  Rube  des  Wassers  ab- 
hangt  und  sie  yermocbten  Ukrit  auf  etwa  den  anderthalbfaeben  Wert 
Ton  (34)  zu  steigern;  auch  nimmt  nach  ihnen  Uyax  uicht  so  rasch  ab 
wie  1 :  2).  Sie  erkannten  das  Wirbeln,  indem  sie  das  DurchfluBrohr  yon 
anfien  eryrarmten  und  am  Rohrende  das  Wasser  einen  in  der  Rohracbse 
liegenden  Thermometer  umfliefien  liefien.  Dessen  Temperatur  steigerte 
sich  jah^  wenn  die  Wirbel  begannen.  Unyeranderlich  ist  nach  Bam^ 
nnd  Cok&r  die  ^untere  Grenzgeschwindigkeit'^  (y^ie  sie  spater  Bid  nannte) 
Uqi,  bei  deren  Unterschreitung  sich  anfangliche  Wirbel  nach  laugerer 
gerader  Rohrstrecke  wieder  schlichten.  Fur  sie  fand  das  genannte  For- 
Bcherpaar  denselben  Wert 

(34a)  U^  «  2^^  •  1  +  0,0337  r+ 0,000 22  T«  *  D  ^  ®®^~*' 

den  Bchon  Beynolds  ermittelt  hatte.  Die  sichtbare  Anderung  der  Be- 
wegungsweise  stimmt  nach  letzterem^)  mit  der  Anderung  des  Druck- 
Terlnstgesetzes  iiberein  und  zwar  gelte  unterhalb  Uq^  das  PotscuiUe^ciie 
GesetZy  dann  folge  eine  tTbergangsphase  bis  zur  Geschwindigkeit  1,2  Uq^ 
oder  1,325  Uqi^  nach  welcher  J  proportional  mit  U^*"^^  wachse.  Hier- 
nach  ist  es  fur  den  Eintritt  der  Turbulenz  nicht  gleichgiiltig;  wie  warm 
die  betreffende  Fliissigkeit  ist,  wahrend,  wenn  diese  einmal  wirbelt,  wie 
Beynolds  betont^),  der  Reibuugswiderstand  fast  nur  yon  ihrer  Dichte 

1)  Papere  2,  S.  77. 

2)  M.  Couette,  Th^se:  Etudes  sur  le  frottement  des  liquides,  Paris  1890  =» 
Ann.  Chim.  Phys.  (6)  21  (1890),  S.  488. 

8)  London,  Proc.  Roy.  Soc.  74  (1905),  S.  841  u.  f. 
4)  O.  Beynclds,  Papers  2,  Cambridge,  S.  64,  66. 

6)  Ebenda  S.  237.    C.  A.  Coulomb,  der  den  Widerstand  gegen  die  Bewegung 
eines  EOrpers  '^  au  -{•  hu*  setzte,  hutte  bereits  gefunden  (Paris,  M^moires  de 

4* 
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und  nicht  von  ihrer  sonstigen  BeschaffeQlieit^  also  kaum  mehr  yon  ihrer 
Temperatur  abhangen  soil.  0.  BeyncUds  hat  die  Bauweise  seines  Aus- 
druckes  darch  die  Forderung  dimensionsgleicher  Glieder  begrundet, 
femer  berecbnet,  dafi  bei  Stromnng  zwischen  zwei  parallelen  Wanden  im 
Abstand  h  das  kritische  Yerhaltnis  (also  die  nnbenaimte  Zahl) 

Uhy 


(34b) 


ng 


>517 


sein  mfisse,  worin  U  die  mittlere  Oeschwindigkeit,  y  ig  A\q  Dichte  be- 

deutet  und  natUrlich  alle  Grofien  im  selbenMaBs  jstem  auszudrUcken  sind  ^). 

Ein  Bingspalt  verhalt  sich  nach  Versuchen  von  E,  Becker^)  in  be- 

*  zug  anf  die  Grenzgeschwindigkeit  ungef  ahr  so  wie  ein  Robr  mit  voUem 

Ej-eisquerschnitt  vom  Durchmesser  der  Spaltbreite. 

R.  Bid^)  scbaltet  zwischen  der  ,,uateren  Grenzgeschwindigkeit''  und 
der  ^kritischen*'  eine  „obere  Grenzgeschwindigkeit^'  Uq^  ein.  Die  Gllltig- 
keit  des  PoiseuUlesclieR  Gesetzes  schlieBe  mit  der  unteren  Grenzgeschwin- 
digkeit ab,  dann  folge  ein  tTbergangszustand  fUr  U  zwischen  Uqi  und  Uq^ 

und  far  noch  groBere  Geschwindigkeit 
herrsche  ein  Gesetz  yon  der  schon  oben  er- 
wahnten  Form 

(25)  J^aU+hU^, 

welches  besser  als  die  LampeBche  Form 

(28)  U^XD^J' 

passe,  sobald  man  eben  den  tbergangszu- 
stand  aus  dem  Geltungsbereich  ausscheidet. 
Bid  trugt  zur  Erlauterung  die  Versuchs- 
werte  des  Bruches  J :  U  auf  und  zeigt  an 
«      ^'^sei-  a  einer  Versuehsreihe  von  Saph  und  Schoder, 

daB  in  der  Tat  die  entstehende  Linie  zu- 
nachst  parallel  zur  Abszissenachse  yerlauft  (zwischen  0  und  U^^j  dann 

rinfltit.  8,  Jahr  XI  d.  Rep.),  dafi,  obwohl  a  flir  Ol  17mal  so  grofi  als  fflr  Wasser 
sei,  h  fiir  beide  denselben  Wert  babe. 

1)  London,  Phil.  Trans.  Roy.  Soc,  A.  186  (1894),  S.  123  =  Papers  2,  S.  636; 
klarer  dargestellt  in  H.  Lamb,  Lehrbucb  d.  Hjdrodynamik,  deutsch  von  Friedel^ 
Leipz.  Berl.  1907,  S.  743.  Lorentz,  Amst.  Verb.  6  (1897),  S.  28  =  Lorente,  Ab- 
handlgn.  (ib.  tbeoretiscbe  Physik  1.  Leipzig  1906,  S.  43.  A,  Sommerfeld,  Roma, 
atti  del  4.  congresso  intemazionale  dei  matematici  3  (1909),  S.  116.  Diesem  gegen- 
iiber  weist  R.  v.  Mises  im  Jabresber.  d.  deutscb.  Math.-Yereinig.  21  (1912),  S.  248 
nacb,  dafi  LaminarstrSmung  zwiscben  absolut  glatten  W'&nden  immer  stabil  ist. 

2)  Mitteilungen  iib.  Forscbungsarbeiten,  Heft  48,  Berlin  1907,  S.  16. 

3)  R.  Biel,  Ub.  den  DruckbObenyerlust  bei  der  Fortleitung  tropfbarer  nnd 
gasfdrmiger  Flfissigkeiten,  Mitteilungen  ub.Forscbung8arbeiten,Heft44,  Berlin  1907. 
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20.  Die  kritische  Geschwindigkeit.   Fonneln  yon  Biel  nnd  Blasius        5$ 

eine  Eurve  bildet  (zwischen  Uq^  und  U^^)  und  schliefilich  geradlinig  an- 
steig^  Auch  weist  er  darauf  hin^  daB  bei  Auftragung  zweier  Yersuchs- 
reihen  mit  demselben  Robr^  jedoch  bei  verschiedener  Temperatur,  die 
sclmlgen  Geraden  parallel  sind^  also  in  (25)  zwar  der  EoefGzient  a, 
nicht  aber  b  Ton  der  Zahigkeit  abhangig  sei.  Er  stellt  schlieBUch  fUr 
alle  Flassigkeiten  und  sogar  Gase  die  einheitliche  Formel 

(34c)  ioooj^J^Va  +  -;_  +  -^_M) 

aaf,  worin  —    den  Zabigkeitskoeffizienten^  dividiert  durch  das  Eigenge- 

wicht^  beide  in  absolutem  Mafi,  bedeuten^  wahrend  der  Dnrchmesser  D 
and  der  Profilradins  ^)  JR  in  m^  U  m  msec^  auszudrucken  sind.  Fiir 
Rohre  nimmt  (34  c)  die  Form 

(34d,  1000^- -•(.+  . ;^  +  ^^aJ) 

an.   Das  t^rige  besagt  nachstehende  Zahlentafel 

Rauhheitsgrad                        I            II  III             IV             V 

Grundfaktora  0,12  0,12  0,12  0,12  0,12 

Ranhheitflfaktor /^  0,0064  0,018  0,036  0,054  0,072 

Zahigkeitsfaktor  6  0,95  0,71  0,46  0,27  0,27 

b^'j^  fdr  Wasser  v.  12®    0,0118      0,0088      0,0057      0,0032     0,0032 
jWforWasser  v.lOO«   0,00294   0,0022      0,00142   0,00084  0,00084 
obere  Grenzgeschw.  Uq^    — ^^     -  'J—  -      —*  ,— -     sehr  klein. 

y  yD  y  yD  y  yl) 

Dabei  betrifft  die  Raubigkeit  I  gezogenes  Messing-  und  blankes,  nicht 
Terdriicktes  Bleirobr,  II  scbmiedeisemes  Gasrohr,  III  neue  Gufirohre^ 
gestampften  Beton,  lY  rauhe  Bretter,  gewohnlicben  Beton,  Y  gewohn- 
liches  Ziegelmauerwerk,  Quader^). 

Far  Rab61»)  ist  bei  0^        5<>        10»        20®        30^^ 

M«25,3  rd.6,27      3,7  1,8         0,99 

h]:y  =  27,7  rd.6,8       4,07        1,98       1,1, 

wahrend  a  und  b,  wie  gesagt,  die  namlichen  Werte  wie  fiir  Wasser  haben. 

FOr  nicht  yollkommen  glatte  Rohre  kann  man  Bieh  Aufstellung 

gelten  lassen,  fUr  vollstandig  glatte  aber  widerspricht  sie  dem  Ahnlich- 

1)  Die  Bedeutnng  dee  Profilradins  siehe  nnten  S.  62;   far  ri  wie  oben  in 
(14  a)  in  gaeccm"'  ist  [13]  =«  9811]. 

2)  Biel,  S.  17. 
3;  Biel,  S.  6. 


54    ni.  Gleichf^rmige  (Ton  Zeit  and  Ort  unabh&ngige)  Strdmang  in  BOhren 

keitsgesetz.  Es  ist  oben  S.  34  gezeigt  worden,  daB  bei  einer  rings  ein- 
geschlossenen  Fliissigkeit,  welche  an  der  Wandnng  haftet,  bei  einer 
Vergrofiening  ohne  FormanderuDg,  falls 

(22)  ^-f^  =  1 , 

(22  a) 


h 
fi 


ist,  die  Yor^Lnge  in  den  beiden  ahnlichen  Hohlraumen  ahnlich  Terlaufen. 
Ftlr  zwei  Bolire  (1  and  2)  ohne  RaubigkeitsvorsprOnge  muB  mit  /(  als 
DruckhdhenTerlust,  I  als  Lange  und  v  —  gri:y,  demnach 

sein^  worin  F  eine  vorlaufig  unbekannte  Funktion  der  beiden  Yariabeln 

—  und  -jjz  bedeutet.  Es  bleibt  also  2^  konstant.  Bedenkt  man  die  ranm- 

liche  Ahnlichkeity  so  kann  man  mit  geringer  Anderung  der  Bedeutong 
von  F  dies  in  der  Form  aussprecben;  daB 

sei.  Das  Weitere  muBte  die  Erfahrung  lehren  und  H.  JBlasius,  von  dem 
diese  Ableitung  stammt^),  fand  dorch  Nachrechnung  und  Auftragung 
der  Ergebnisse  aus  eigenen  Yersuchen  an  gezogenen  Biei-,  Messing-  und 
Kupferrohren,  die  sich  hiermit  als  ^,YoUkommen  glatt^'  erwiesen,  sowie 
solchen  yon  Saph  und  SchodeVy  Reynolds  und  Lang^  es  sei 

Bei  Einfuhrung  des  GefaUes  J  ^h:l  und  des  Wertes 

v  =  0,00000115  m*  sec- S 

der  far  15*^C  warmes  Wasser  gilt,  stellte  sich  namlicb  mit  17  in  mseo~*, 
D  in  m, 

(34e)  J=-  0,000528  ^ !-!■ 

^       /  '  2).* 


(34f)  J  -  0,016 13  — v  -  =  0,02855  ^,-    .,- 


als  zutreffend  heraus.  Dafi  aber  auch  der  allgemeine  Aasdruck. 

I 

y 

der  richtige  sei,  konnte  Blasiiis  durch  Messuugen  an  Wasser  von  80^  C, 
sowie  durch  eine  kurze  Versuchsreihe  belegen,  die  Nufidt  mit  Druck- 
luft  erhoben  hat.  Die  Gleichung  (34  e)  zeigt  auBerordeiitliche  Ahnlich- 
keit,  mit  denen  von  FlamafU  (32)  und  Saph  und  Schoder  (33)  fttr  glatte 


1)  Z.  d.  y.  deatsch.  Ing.  56  (1912),  S.  639. 
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Rohre,  denn  der  ganze  Unterschied  besteht  dariii;  daS  bei  Flamant  der 
Koeffizient  zu  0^00052  bis  0^00062  und  bei  Saph  und  Schoder  zu 
0,000536  ±  7%  angegeben  ist.  Eudlich  stimmt  (34 e)  in  der  Bauweise 
mit  Beynolds  Gl.  (31a)  iibereiD,  falls  man  in  letzterer  n  =  7^  setzt.  Nur 
der  Zahlenwert  ist  ein  anderer,  da  fUr  t »  15^  C  Reynolds  0,000466 
(statt  0,000528)  hatte.  In  alledem  liegt  eine  Bestatigung,  daB  Blasius 
tatsachlich  das  Oesetz  fQr  die  turbulente  Bewegung  in  glatten  Robren 
gefunden  hat.   Mit  dimensionsloser  Eonstanten  lautet  sie 

J- 0,1582 -.^-r^-. 

Die  obere  Grenzgeschwindigk^it  U^^  Bids  leugnet  BlasiitS]  sie 
kommenur  daher,  dafi  die  Formel  (34c),  auf  die  sie  sich  bezieht,  die  Ab- 
hangigkeit  des  6ef  alles  yon  der  Geschwindigkeit  nicht  richtig  ausdr^cke. 

Hier  moge  abermals  H.  Lang^)  erwahnt  werden,  der  fur  D  <  0,05  m 
und  Stromen  in  Schlieren  seine  oben  unter  (30  b)  und  (30  c)  angefQhrten 
Oleichungen  far  nicht  genug  genau  halt  und  durch  eine  vollkommenere 
Formel  ersetzt.  In  ihr  kommen  Grofien  2&,  c  und  y^  yor,  und,  wie  die 
Nachrechnung  zeigt,  ist') 

26-l,76(5^)'^'msec-V.,    c  -  10000 ^m' sec- S    yo=  64^^msec-i 

und  mufite  sie  bei  Forderung  dimensionsloser  Eonstanten 

(34g)    J  =  0,0045  bis  0,01  BElzIM  +  0,88  'L^^-^^^-l!^  +  32  ^. 

+  etwa  0,000025  -^Ar  UU^. 
geschrieben  werden,  worin  nach  der  „Hiitte'^ 

ware.  Nach  neueren  Auftragungen  wachse  JJ^iD  aber,  wenn  D  ztmimmt. 
Indem  man  die  Zahigkeit  ij  nach  Gl.  (14a),  das  Eigengewicht  y 
und  die  Beschleunigung  g  der  Schwere  einfUhrt,  yerwandelt  man  den 
Ausdruck  (34a)  in*) 

{34h)  ^^^^^  -  rund  2000, 

1)  „Hlitte",  21.  Aufi.  (1911),  S.  293;  Neuea  wird  die  22.  Aufl.  bringen. 

8)  Die  Eikl&nm^  von  25  gab  Blasius  in  den  Mitteilnngen  iib.  Forschungs- 
arbeiten,  Heft  131  (1913),  S.  14,  Fufinote.  Nach  dieser  Deutung,  welcher  H,  Lang 
nach  brief  licher  Mitteilnng  zustimmt,  hat  25  fiir  100^  C  den  Wert  0,0009  oder 
0,001.  Die  fibrigen  Werte  von  25  stimmen  mit  den  oben  S.  42  angegebenen. 
Nenerdings  machte  Lang  brief lich  aufmerksam,  dafi  26  =»  y7tr\g:y  ist. 

3)  O.  Beynolds,  Papers  2,  S.  585.  Derselbe  schreibt  iibrigens  1900  statt  2000. 
CauetU  fand  im  Mittel  2150. 
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worin  2000  eine  unbenaimte  Zahl  ist  and  nach  dem  Ahnlichkeitsgesetz 
fOr  alle  Fliissigkeiten  gelten  soil.  W.  M'F.  Orr  hat  die  theoretische 
Untersucbung  wieder  aofgenommen,  sie  auf  verschiedenartige  Stomngs- 
weisen  erstreckt  nnd  dadnrclx  eine  viel  niedrigere  untere  Grenzgeschwin- 
digkeit  namlich^) 

(34i)  ^'^^^  =  180 

erhalten.  Fiir  viel  gro£ere  Zahigkeit  als  die  des  Wassers  fand  S.  D,  Ca- 
rothers^)  dies  bestatigt^  indem  er  bei  Druckyerlustversnchen  mit  Texasol 
in  Rohren  von  0,05  bis  0,25  m  Durcbmesser  fand,  daB  die  Geschwin- 
digkeit,  bei  welcher  eine  Anderung  des  Druckyerlustgesetzes  eintrat, 
dem  JJ^i  von  (34i)  entsprach.  Fflr  ein  groBeres  U  schien  mit  dem  engl. 
FuB  und  der  Sekunde  als  GrundmaBe 


.J 


".^'"f-ae'r 


Oder  bei  Yertauscbung  des  FnB  mit  dem  Meter 


f-^.^lk<:i) 


zu  gelten.  Die  Nachmessnng  zweier  seiner  Fignren  liefert  inVerbindung 
mit  seinen  Zableoangaben  als  mittleren  Wert  des  kinematischen  Rei- 
bnngskoef&zienten 

„  =  5i'-  =  0,004112%!?^^  =-  0,000382  m«sec-S 
wonach  fUr  das  untersnchte  zahe  Erdol 

7/1.5 

J  =0,00932^,-, 

sein  mfiBte.  Far  dieses  v  hatte  nw^YiBlasius'  Gl.(34f)  J  =  0,00226^^ 
zu  sein. 

Das  Yerfabren  von  J.  D.  Isaacs  und  B.  Speed  gab  zu  Messungen 
uber  den  Druckverlust  in  Erdolleitungen  AnlaB^).  Diese  Erfinder  yer- 
seben  die  Robren  innen  mit  scbraubenformigen  Rillen  und  setzen  dem 
Petroleum  Wasser  zu.  Sie  erzielen  dadurcb,  daB  infolge  der  Fliebkraffc 
das  Wasser  sicb  an  die  Wandung  draugt  und  daB  bei  dem  bestenMengen- 
yerhaltnis  (von  1 :  9)  die  Gescbwindigkeit  auf  das  zebnfache  steigt.   In 

1)  Dublin,  Proceedings  of  the  Royal  Irish  Academy,  27.  A.«1907/9,  S.  1S8. 

2)  London,  Proc.  Hoy.  Soc.  87  (1912),  S.  168.  Cber  Zahigkeit  des  ErdOles 
siehe  C.  Engler  u.  H.  v.  Hoferi  Das  Erd(Jl,  Bd.  1,  Leipz.  1913,  S.  49:  Benzin  ist 
leichtfitissiger,  Brennpetrolenm  (LenchtOl)  zaher  als  Wasser;  T\:y  ist  bei  Spindel- 
dlen  (bei  20^  G)  20  bis  50mal,  bei  sogen.  Maschinen5len  60  bis  100  mal,  bei 
ZylinderOlen  160  bis  260  mal  z&her  als  Wasser. 

8)  Engineering  News  66  (1906),  S.  641. 
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der  Formel  J=bU^:  D  zeigte  sich  fflr  8  bzw.  3  ZoU  Durchmesser  also 
D  -  0^03  bzw.  0,076  fiir 


glattes  Rohr, 


w 


1» 


reines  Ol 
1  T.  WaBser  anf  9  T.  Ol 


Bohr  mit  Zflgen,    1  „ 


n 


»i 


9 


»»    »» 


b  =  0,44  bzw.  0,98, 
b  =  0,26  bzw.    ?    , 
b  mindesteiiB  =  0,0023  bzw.  0,0016,. 
im  Mittel  ==  0,0081  bzw.  0,0021. 


Die  Erklarung  der  Erscheinung  wird  in  §  42  gegeben. 

21.  Folgerung.  Bemerkung  eu  den  Tabellen.  Es  sind  nunmehr 
zahlreiche  Formeln  fftr  die  Stromung  in  Rohren  mitgeteilt  worden  und 
so  drangt  sicb  die  Frage  auf^  welche  gegebenenfalls  den  Yorzug  verdient. 
Die  Beurteilung  wird  dadurch  etwas  erleichtert,  dafi  filr  ganz  glatte 
Rohre  das  Bewegnngsgesetz  hinreichend  genau  bekannt  ist.  Zum  Zwecke 
des  Yergleiches  seien  daher  die  sekundlicben  Durchflufimengen  in  Litem 
nach  einigen  der  wichtigsten  Formeln  nachstehend  ^)  neben  die  nack 
Blasius  (34  e)  giiltigen  gesetzt. 


Gef&lle 

Dmr. 

Neue  Leitung 

Dauerbetrieb 

Ganz 

;    J 

D 

deProny 

Weiab. 

1            1 

1 

glatt 

%o 

m 

Lang 

Darcy 

Kntter 

Darcy  Eutter 

Biel 

BlasiuBJ 

0,04 

0,043 

0,044 

0,041 

0,062 

0,030 

0,044 

0,028 

__ 

0,049 

0.1 

0,1 

0,50 

0,48 

0,62 

0,70 

0,64 

0,49 

0,89 

— 

0,59 

1 
t 

1 

192 

190 

226 

244 

302 

172 

231 

231 

804  ; 

1 

0,04 

0,283 

0,278 

0,261 

0,286 

0,283 

0,202 

0,180 

0,176 

0,282 

2,154 

0,1 

2,90 

2,96 

2,93 

8,28 

2,96 

2,28 

1,79 

2,26 

8,39 

1 

967 

1080 

1100 

1130 

1400 

799 

1070 

1110 

1750 

1 

0,04 

1,42 

1,69 

1,39 

1,33 

1,08 

0,94 

0,60 

0,91 

1,62 

1  46,42 

0,1 

14,1 

16,4 

15,1 

15,0 

13,7 

10,6 

8,3 

11,0 

19,6 

1 

4510 

6600 

6200 

6260 

6510 

2950 

4980 

6200 

10140 

1 

0,04 

6,70 

8,28 

7,16 

6,17 

5,03 

4,36 

2,79 

4,31 

9,40 

!  1000 

0,1 

66,3 

88,7 

74,1 

69,6 

63,7 

49,2 

38,6 

50,7 

113,1 

1 

21000 

27600 

24000   24400!  30200 

1              1              1 

13700 

23100   24200 

1 

58600 

Der  D 

urchflaB  nach 

FlamantB  Ausdruck  fiir  Dauerbetrieb  steht  zu  dem  nach  ! 

t 

Bla 

sius  im  fasten  Verbal tnis  von  0,728  :  1.                                i 

Wie  zu  vermuten^  zeigeD  sich  die  alteren  Ansatze,  welche  vor  Kennt- 
nis  der  Wichtigkeit  der  Rauhigkeit  entstandeu;  als  unrichtig,  das  gilt 
sowohl  fQr  die  in  Frankreich  noch  beliebte  Formel  de  Pronys,  wie  fiir 
die  bei  uns  noch  nicht  aufgegebene  Weisbachs,  denn  fiir  kleine  Rohr- 
weiten  D  nahern  sich  bei  gegebenem  J  und  D  ihre  Durchflufimengen  Q 
bedenklich  denen,  die  nach  Blasius  nur  glatte  Rohre  lief  em  ^  wahrend 
sie  fiir  grofiere  Durchmesser  allerdings  zutreffendere  Q  angeben. 


1)  Eine  Tollst&ndige ,  von  J,  Rdbbelen  berechnete   bisher   unver5ffentlichte 
Tabelle  ist  im  Anhang  beigefugt. 
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Bei  den  Bpateren  Formeln  mufi  man  unterscheiden,  ob  sie  den  by- 
drauliscben  Vorgang  tbeoretiscb  ricbtig  darstellen  oder  dem  praktischen 
BedUrfnis  dienen  soUen.  Beiden  Zwecken  kann  ein  und  dieselbe  Glei- 
<cbung  nicbt  entsprecben^  weil  der  Tecbniker  bei  seinem  Entwnrfe  ge- 
wartigen  mnfi^  dafi  spatere  Absatze  den  Durcblauf  verringem^  wabrend 
der  Tbeoretiker  sicb  durcb  solcbe  Riicksicbten  nicbt  beirren  lassen  darf. 
Da  nun  enge  Leitungen  yiel  empfindlicber  als  weite  sind,  empfeblen 
aicb  fiir  den  Gebraucb  FormelD,  die  den  Forscber  nicbt  be&iedigen 
konnen^  weil  sie  die  engen  Leitungen  „rauber''  als  die  weiten  voraus- 
«etzen.  Der  Mifistand  laBt  sicb  vermeiden^  wenn  man  mit  Sonne  und 
Lang  erst  das  tbeoretiscbe  Robr  berecbnet  und  dann  zum  praktiscben 
tibergebt.  Damit  verzicbtet  man  aber  auf  eine  Tafel,  welcbe  fiir  die  ge- 
'braucblicbeU;  also  nicbt  beliebig  wablbaren  Durcbmesser  sofort  den  jedem 
OefaUe  entsprecbenden  Durcbflufi  angibt.  —  Als  tbeoretiscbe  Formel 
•dacbte  wobl  Darcy  seine  Formel  ftlr  neue  Leitungen^  als  praktiscbe  seine 
fUr  Leitungen  in  Dauerbetrieb^  kommt  aber  fur  neue  Robren  bei  klei- 
nem  J  und  D  auf  Mengen  Qj  die  aucb  ein  gescbliffener  fugenloser  Strang 
nicbt  durcbzulassen  vermocbte  und  f&r  alte  Robren  bei  groBem  J  und  D 
nuf  Mengen,  die  im  allgemeinen  yiel  zu  klein  sind').  Tbeoretiscb  ricbtig 
•erscbeint;  wie  scbon  erwabnt,  der  Ausdruck Flamanh\  aber  gerade darum 
Terleitet  er  bei  groBen  Gescbwindigkeiten  in  rauben  Robren  zu  etwas 
zu  geringen  Durcbmessern  und  nimmt  er  bei  eugen  R5bren  auf  die  Mog- 
licbkeit  von  Ablagerungen  keine  Rucksicbt.  Als  rein  praktiscbe  Formeln 
sind  die  nocb  nicbt  erwabnten  Ton  W.  R.  KuUer  zu  betracbten,  die  er 
urspriinglicb  nur  fUr  offene  Gerinne  empfabl.  Aber  sie  erfdUen  am  besten 
-die  Forderung  gleicbmaBiger  Sicberbeit  bei  Entwurf  enger  und  weiter 
Strange  bei  einfacber  Bauweise  und  so  bat  die  Praxis  aus  sicb  beraus 
nacb  ibnen  gegri£fen.  Sie  lauten*)  mit  J?  =  ^D  fiir 

<34j)        neue  Rohre  C7  =  -^''-^~=.  yj^  -^'^-~  l/^J , 

^      ""^  0,16 +  ]/«  '  0,8 +yD  r      4 

<34k)        alte        „       JT  =  -  i^-=  ^J  -  ^°y^_.  l/?/ . 

^     ^  "  0,36  +  yE         0,1+yi)  ^   ^ 

Letztere  Formel,  die  wicbtigere  der  beiden,  denn  meistens  mufi  man 
Toraussetzen,  dafi  die  Leitung  einmal  „alt'^  wird,  stimmt  mit  der  Angabe 
Sids  fiir  Dauerbetrieb  iiberein,  was  um  so  mebr  bervorzubeben  ist,  als 
Biel  einer  der  letzten  Ingenieure  ist,  der  gestiitzt  auf  aUe  ihm  bekannten 

1)  Die  Verwendbarkeit  in  anderen  Fallen  bestsLtigt  0.  Iben,  DruckhShen- 
verlust  in  geschlossenen  eisernen  Eohrleitnngen,  Denkschrift  d.  Yerbandes  deutsch. 
Archit.-  u.  Ingenieur-Vereine,  Hamburg  1880. 

2)  Siehe  unten  Formel  (41a). 


21.  Folgerang.   Bemerkang  zu  den  Tabellen 
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IMessungen  eine  Formel  abzuleiten  versuchte.  Die  Gleichung  (34  k)  wurde 

-denn  anch  der  Tabelle  II  zngrunde  gelegt^),  welche  zum  Ermitteln  von 

Rohrweiten  dienen  soil.  Die  in  ihr  verzeichneten  Durchmesser  sind  die 

Yom  Yereine  deutscher  Gas-  uod  Wasserfachmanner  festgesetzten  und 

<lie  in  ihr  anfeinanderfolgenden  Oefalle  stehen  je  im  gleichen  Verhdltnis 

1^975  zueinander,  welches  yon  1  so  wenig  abweicht^  daB  beim  Ge- 

brauch  der  Tabelle  keine  SchdUrechnung  notig  ist.   Abweichend  von  Q 

in  den  bisher  gebrachten  Formeln  bezeichnet  Q  (stehend  gedruckt)  in 

<der  Tabelle  die  tagliche  DarchflaBmenge  in  m'  und  q  den  DarchfluB  in 

lsec~^   Die  Bedeutnng  yon  c  erhellt  ans  dem  Ansdruck  (35)  und  seine 

Angabe  soil  den  Yergleich  mit  der  Bewegung  in  offenen  Laufen  ver- 

mitteln. 

Da  fUr  weite  Strange  ihrer  Eostspieligkeit  wegen  zuweilen  geson- 
derte  Erwagungen  angesteUt  werden  und  filr  sie  nicht  allzuviele  Mes- 
sungen  vorliegen,  so  daB  dem  eigenen  Urteil  ziemlich  viel  Spielraum 
bleibt^  sei  das  vorliegende  BeobachtungsmateriaP),  welches  offenbar 
Rohren  yerschiedener  Rauhigkeit  umfaBt^  nachstehend  zusammengestellt 
und  dnrch  BeifQgung  yon  DarchfiUssen  Q  erlautert^  welche  nach  yer- 
schiedenen  Formeln  zu  erwarten  gewesen  waren. 


00 


Cancello 
Neapel 


I 

O    d> 


1^1 


DorchmeBser mm 

Geftlle %o 


Dnrchflofi,  gemessen,  .  . 
Dxurchflnfi  berechnet  nach 

de  Prony 

Weiabach 

Darcy  (nene  Rohre) .  . 
„      (alte       „     ).   . 

Flamant      

Eattera  Gl.  (84k)  .    .    . 


^aec-* 


5S8 

1,618 

201 

164 
178 
194 
137 
189 
162 


700 

1,074 

340 

278 
294 
825 
280 
826 
287 


>  800 
2,196 
687 

652 
616 
651 
460 
704 
691 


1220 

2,0 

1538 

1618 
1716 
1794 
1268 
2102 
1767 


1760 

1,0 

3000 

2634 
2942 
3187 
2318 
8765 
3290 


Beispiel.  Eb  iBt  eine  Quelleitung  ABC  mit  der  HOhenkote  390m  fib. M. 
des  QnellstubenBpiegelfl  J.,  der  Eote  376  in  B,  der  Kote  380  in  C  und  den 
Streckenl&ngen  AB^^ BC=  1000 m  derart  zu  entwerfeu,  dafi  bei  FOrderung  von 
0,02  m'  Bec~  ^  die  Drackh5he  in  C  noch  20  m  bleibt.  Yon  A  nach  B  und  von  B 
nach  C  falle  das  Grel&nde  gleichm3,fiig.  Nach  diesen  Daten  soil  der  Druckh5hen- 
yerloBt  zwischen  A  und  C  390  —  (330  -|-  20)  =  40  m  betragen,  so  dafi  bei  durch- 


1)  Ausgereohnet  von  7.  Bobbelen,  bisher  unverOffentlicht. 

2)  Barids,  NouvelleB  annales  de  la  construction  (6)  1  (1904),  S.  182;  F.  C, 
Eau  et  hygiene  1  (1909),  S.  63.  C.  A.  Friend,  Min.  Proc.  Inst.  Civ.  Eng.  119  (1895), 
S.  271.  V.  Masoni,  BoUetino  del  Gollegio  degli  Ingegneri  e  Architetti  di  Napoli 
19  (1901),  N.  8,  9. 
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au8  gleicher  Bohrweite  in  B  der  freie  Spiegel  aof  390  —  20  :=  870  m  i!b.  M.  ainken 
Oder  bier  5  m  Unterdmck  hemchen  wiirde.  Ein  Bolcher  wird  meist  scbon  des- 
wegen  tunlicbet  yermieden,  weil  er  ein  Entweicben  der  gelGsten  Gase  verarsacht 
nnd  diese  dann  den  Querscbnitt  verengen.  Man  nebme  daber  den  freien  Spieg^el 
in  A  890m  db.M.,  in;^  etwa  377lm  ub.M.,  in  C  860  m  iib.M.  an,  bat  ^=0,02m'sec-  \ 
J  =«  0,018  bzw.  0^027  und  bestiuimt  nacb  der  eben  erw&bnten  Tabelle  den  Bohr- 
dmr.D  fiir  AB  m  0,176,  fflr  BC  zvl  0,160m. 

22.  Die  Anrostnng  der  B5hren.  Praktisch  wichtig  ist  die  Frage^ 
wie  rasch  die  Yerwandlung  eines  ^^nenen'^  Rohres  in  ein  ^^gebranchtes^ 
Yor  sich  geht  und  was  fdr  eine  Abnahme  der  Durchlassigkeit  eintreten 
kann.  Sicher  ist  es,  dafi  diese  Abnahme  in  ungeschfitzten  Rohren  stets 
erheblich  ist.  J.  Duane^)  fand^  dafi  diese  sich  in  sieben  Jahren  oder 
weniger  mit  EnoUen  (tubercles)  bedecken  und  dafi,  nachdem  die  Ver- 
krustung  eine  bestimmte  Starke  erreicht  hat,  sie  nicht  weiter  schreiteL 
In  einem  1^2  m  weiten  Rohr  sank  der  Durchflufi  auf  diese  Weise  auf  0,7 
des  urspriinglichen. 

Heute  wendet  man  fast  ausschliefilich  mit  Asphalt,  auch  wohl  an- 
deren  Stoffen  ausgekleidete  Rohre  an.  BezUglich  ihrer  drUckt  sich 
H.  Lang^)  wie  folgt  aus.  „Nach  wenig  Betriebstagen  setzt  das  Wasser  ein& 
Schleimschicht  ab,  die  den  Nutzdurchmesser  urn  2  bis  3  mm  verringert. 
Anrostnngen  (Eorrosionen)  der  inueren  Wandung  eisemer  Rohre  treten 
bei  Luftmangel,  also  bei  dauernd  gefdllten  Druckrohren  nicht  auf,  so- 
weit  nicht  sauere  oder  salzige  Beschaffenheit  des  Wassers  das  Eisen  lost; 
die  dennoch  oft  Yorkommenden,  bis  60  mm  starken  Krustenbildungea 
sind  daher  auf  Ablagerungen  aus  dem  Wasser  zuruckzufQhren.  Die  Ab- 
lagerungsmengen  entsprechen  der  durchflossenen  Wassermenge;  Sack- 
rohre  bleiben  krustenfrei;  Yergrofierte  Durchflufigeschwindigkeit  hindert 
die  Ablagerung  nicht.  Die  Ablagerungen  bestehen  aus  unregelmafiig^ 
aufbretenden  KnoUeu,  die  sich  schliefilich  zu  hockeriger  Auskleidung  der 
Wandung  Yereinigen  und  stellenweise  faltenartige  Gebilde  zeigen.  Die 
Masse  besteht  aus  Brauneisenstein,  je  nach  Herkunft  des  Wassers  Yer- 
mengt  mit  Kalk,  Muscheln,  Algen.^^  Nach  Beobachtungen  in  Frankfurt 
a.  M.')  scheint  weseutlich  die  freie  Kohlensaure  die  EnoUenbildung  zu. 
Yeraulassen,  und  zwar,  wenn  ihr  Saurewert  den  Alkali wert  Uberragt^ 
d.  h.  wenn  das  Wasser  sauer  reagiert.  Es  sind  daher  auch  Yiele  Falle 
bekannt,  in  denen  gut  ausgekleidete  Gufirohre  40  bis  50  Jahre  so  gut. 
wie  uuYerandert  in  Gebrauch  standen*).  Ubrigens  ist  zwischen  den  rost- 

1)  Am.  Soc.  Civ.  Eng.  Trans.  28  (1898),  S.  1. 

2)  Hiitte,  20.  Ana.  1.  Abt.  1908,  S.  278. 

3)  Schdlhase,  Joom.  f.  Gasb.  u.  Wass.  1909,  S.  828. 

4)  F.  E,  Tumeaure  u.  i.  i/.  Bussell,   Public   Water- Supplies,   New -York 
1901,  S.  510.  —  In  Versailles  ist  man  nacb  Mitteilung  an  den  Yerfasser  nocb  mit 


22.  Anrostung  der  B5hren.    28.  Str5men  in  SchlS^uchen 


61 


brannen  EnoUen  und  dem  weifilichen  oder  gelblichen  Sinter  zu  unter- 
scheiden,  den  sehr  hartes  Wasser  absetzt  und  der  Rohre  ganz  zu  ver- 
stopfen  Termag.  DaB  nach  Reinigung  der  angerosteten  Rohre^)  dieselbe 
Reibnng  wiederkehrte,  die  15  Jabre  friiher  F.  P.  Stearns^  in  ibnen  ge- 
messen  hatte^  beobacbtete  D.  FiUGerald, 

23.  StrSmen  in  Sohlauohen*  Schlaucbe,  wie  sie  die  Feuerwebr  be- 
nntzt,  zeigen  recbt  yerBchiedene  Rauheit.  Aucb  bangt  der  Widerstand 
«twa8  Yom  absoluten  Druck  ab,  weil  sicb  manche  Scblauche  unter  dem 
Drack  merklich  weiten,  wodurch  sicb  bei  gegebenem  Durcbflafi  Q  und 
Anfangsdurchmesser  Z)^  derGefallsaufwandJyermindert.  J, K Freeman^) 
bat  fQr  einige  Schlauchsorten  das  c  der  Formel  (35)  und  die  Anderung 
AD  des  Durchmessers  bestimmt^  mit  welcher,  da  es  sicb  um  kleine 
Bruchteile  bandelt^  die  Yeranderung  —  AJ  des  Gefalles  in  der  Beziebung 


AJ 


steht.  Nachstebend  seine  Zablen: 


-5 


AD 
D 


Glattester  Gummischlaach  .... 
Gew5bnlicher        „  .... 

Glattester,  innen  gummierter  Banm- 

wollachlauch 

Sehr  raoher,  innen  gummierter 

fianmwollscblauch 

GewGhnlicher,  nicht  gummierter 

Flacbs-  oder  Hanfschlauch  .  .  . 
Beater  Lederschlauch 


m*'*8ec~* 


Fur  Druck- 
steigerung 

1kg  cm~^ 


AD.-n 


—  A/:J 


68,2 
66,7 

66,6 


0,000860 
0,000899 

0,000884 


49,5    0,00163 


48,3 
63,9 


0,00213 
0,00137 


0,0041 
0,0034 


0,020 
0,017 


0,0018 

0,0006 
0,0061 


0,009 

0,003 
0,031 


Aucb  Weigand^)  fand,  daB  rober  Hanfschlauch  yiel  groSeren  Rei- 
bungswiderstand  als  gummierter  leistet;  femer  daB  eine  Fernleitung  mit 
weitem  Schlauch  und  scblieBlicber  Gabelung  in  zwei  engere  der  An- 
wendung  zweier  engen  Leitungen  betrachtlich  yorzuzieben  ist,  wie  dies 
ja  aucb  61.  (24)  und  alle  folgenden  lebren. 


Gufieisenstr&ngen  von  600,  326  und  weniger  mm  Weite  aus  der  Zeit  Ludwigs  XIV. 
zufrieden. 

1)  Siehe  oben  Anm.  S.  46;,  Q  war  auf  0,78  bis  0,8  des  ehemaligen  Wertes 
gesnnken. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  14  (1886),  S.  1;  36  (1896),  S.  268. 

3)  Ebenda  21  (1889),  S.  368,  469;  354. 

4)  Feuerspritze  (1906),  Nr.  8;  Bandaus  Feuerwehr-Ealender  seit  1906. 
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IV.  OleiclifSrmige  StrSmnng  in  offenen  L&nfen. 

24.  Altere  Formeln.  Wahrend  bei  Rohren  das  fQr  die  Bewegung- 
maBgebende  Gefalle  von  der  Rohrneigung  verschieden,  namlich  gleich 
dem  Verbaltnis  des  Hohenunterschiedes  von  Standrohrspiegeln  zur  Rohr- 
lange  ist^  stimmt  bei  o£fenen  Gerinnen  der  freie  Spiegel  mit  dem  etwa. 
in  den  Wasserlauf  eingetauchter  Standrohre  flberein;  in  den  Ausdriicken 
fiir  die  Wasserbewegung  erecheint  daher  nur  mehr  das  Spiegelgefalle 
oder  die  Rosche^  also  der  Sinus  des  Neignngswinkels  des  Spiegels  gegen 
die  Wagrechte,  welcher  Sinus,  wo  nicht  Wellungen  oder  gar  SprtlDge 
auftreteU;  zumeist  bei  der  Eleinheit  des  Neignngswinkels  mit  der  Tan- 
gente  vertauscht  werden  darf.  A.  Brahms^)  hat  es  zuerst  ausgesprochen^ 
dafi  das  Gefalle  dadurch  bestimmt  wird,  dafi  die  beschleuDigende  Kraft 
der  Schwere  dem  verzogernden  Reibungswiderstande  des  Bettes  gleicb 
sein  muB,  aber  de  Chezy^  scheint  der  erste  gewesen  zu  sein,  der  eine 
brauchbare  Formel  fiir  die  Wasserbewegung  in  Eanalen  aufstellte.  Man 
schreibt  sie  heute  meist  in  der  Gestalt 

(35)  U^cYEJ, 

worin  wieder  ZJdie  mittlere  Geschwindigkeit  des  Querschnittes  bedeutet> 

also  jene  Zahl,  welehe  mit  der  Querschnittflache  multipliziert  die  Durch- 

fluBmenge  in  der  Zeiteinheit  liefert,  c  als  Konstante  gilt  und  It  den  so- 

genannten  Profilradius  (rayom 

moyen,  mean  hydraulic  depth^ 

raggio  medio),   das   ist   den 

Bruch 

'    g  ^^t^wir  t/nv**^  durchfiossener  Qaerscfanitt 

benetzter  Umfang 

ausdriickt;  bei  einem  Ereisquerschnitt  vom  Durchmesser  D  ware  daher 
z.  B.  JR'^^^D,    Es    kommt   diese  Annahme  darauf  hinaus,  in  (23) 

f-— -i?5  zu   setzen,  womit  c  die  Dimension  der  Wurzel  aus  der  Be- 

sehleunigung  erhalt.  Stets  sei  im  nachfolgenden,  wenn  nichts  anderes 
bemerkt  wird,  77  in  msec"^,  i{  in  m  und  c  in  m*'»8ec"^  ausgedrfickt* 

—  Auf  Grund  genauer  eigener  Versuche  setzte  L,  G.  Dubuat^  an  die 
SteUe  von  (35)  den  Ausdruck 


1)  A.  Brahms,  Anfangsgriinde  der  Deich-  u.  WafiBerbaukunst,  2  Teile,  Auricb 
1764  u.  1767,  in  Teil  I,  S.  106. 

2)  In  den  M^m.  de  la  classe  des  sciences  de  Tlnst.  de  Paris  1818/16  (1818) 
S.261  zitiert  P.S.Girard  die  Memoires  manuscrits  de  T^cole  d.  ponts  et  chansseea 
mit  den  Worten:   „I1  parait  que  vers  I'annee  1775  M.  Chezy  rechercha  le  pre- 


mier .  .  ." 


3)  Principes  d'hydraulique  1,  n.  6d.,  Paris  1816,  S.  66,  60, 
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yTTJ  — lognat>/(l:J)+l,6         '  ' 

deesen  Anwendung  schon  an  seiner  Eompliziertheit  scheiterte,  wahrend 
J.A^Eytdtcein^)  znr  einfachen  C^eierysclien  Bezeichnung  zurdckgriff,  samt- 
liche  36  Yersuche  BubuaUi  benntzte  nnd  auf  die  einfache  Formel 

(36)  U^bO.^YRJ 

kam,  die  lange  in  ausgedehntem  Gebrauch  stand  und  spater  von  Cowrtois^) 
Boch  etwas  einfacher,  als 

(36a)  U^bOY^J    Oder    Be7'=  0,0004  Z7» 

wiederholt  nnd  so  in  Italien  unter  dem  Namen  Tadinis  besonders  be- 

kannt  wnrde. 

Beispiel:  Die  Geschwindigkeiteformel  von  Chezy  gew&hrt  gegenflber  an- 
deren  den  Yorteil,  dafi  ihre  Yariablen  sich  in  einfacher  Weise  explizit  darstellen 
laasen.  Sie  eignet  sich  dafaer  ebenso  zu  rein  numerischem  wie  za  algebraischem 
Rechnen.  So  kann  man  aus  ihr  leicht  jenen  BettmnriB  ableiten,  welcher  bei  ge- 
gebener  Qnerschnittsfi&che  F  und  gegebenem  Gef  alle  J  das  Maximum  des  Durch- 
floBsea  gew3ihrt. 

Nach  Chezy  gilt,  wenn  p  den  benetzten  Umfang  (Perimeter)  bezeichnet,  fcir 
den  DnrcbfluA  Q  =  Fc  YFJ : p .  Hiemach  wird  Q  ein  Maximum,  wenn  p  ein 
Minimum  darstellt.  Dieser  Bedingung  entspricbt  der  Kreia  oder  der  Halbkreis.") 
Ftir  offene  Gerinne  k&me  nur  das  Halbkreisprofil  in  Betracht,  doch  wird  dieses 
seiner  schwierigen   (kostspieligen)  Heretellung   wegen  ^ 

seltener  ausgefuhrt  als   das   gleichscbenklige  Trapez.     \!      L 

Allgemein  ist  fflr  ein  Trapez  YOn  der  Seitenneigung  a         \T  t  T/^ 

und  der  Tiefe  h  der  benetzte  Umfang  \^        4        x   ^'' 

jp  =  -^  —  ^  ctg  a  + 


h  ®  sina  .<— j--^ 

An»  ll f^—  ctg  «  +  ^  und  1^  =  A  \-X-  -  2  '"'- 1  folgt  dnrch  NuU- 

ch  A*  "^       '  sma  doL  Lsma  sin  a  J 

setzungy  daB  p  sein  Minimum  hat  fiir  cos  a  =»  —  oder  a  ==»  60^  sin  a  »»  —  ^8, 

2  2 

F=  i\ 1  V'=»y8^*.   I>ann  ist  die  mittlere  Breite   Vih,    die   Sohlen- 

_  2  2 

breite  6  =  y  8  fc  —  fc  tang  80  ®  =  --=-  fc   und  die  BOschungsl&nge  auch    «=  ——  fc . 

>/§  }/8 

Yon  alien  Trapezen  gleicher  Fl&che  gibt  also  jenes  das  Maximum  des  Durch- 
flnsses,  welches  ein  halbes  regelm&fiiges  Sechseck  bildet. 

In  einem  Rohr  wird  nach  Chizy  U  bzw.  Q  bei  einer  Fullh5he  von  0,88  D 
bzw.  0,91  D  am  gr5fiten  (vgl.  S.  836). 


1)  J.A.EyteltDe%n,  Handbuch  der  Mechanik  fester  KGrper,  Berlin  1801,  S.  181. 

2)  Traite  des  Moteurs  inanim^s,  1860,  zitiert  nach  Darcy-Bazin,  Becherches 
S.  6.  Englische  Annahmen,  die  von  c  =  87,4  bis  c  »» 65  gehen,  fflhrt  G.  Meifiner 
in  seiner  Hydraulik,  1878,  S.  206  an. 

3)  Ygl.  a  Oulmann,  Graphische  Statik,  2.  Aufl.,  1.  Bd.,  Zfirich  1875,  S.  114. 


1)  Paris,  Mem.  de  rinstitut  natioDal,  an  IX  (1800),  S.  246. 

2)  Rapport  etc.  snr  le  canal  de  TOurq,  Paris  an  XII,  S.  S6,  42. 

8)  R.  de  Prony^  Rechercbes  physico-math^matiquefl  sur  la  theorie  des  eaux 
conrantes,  Paris  1804.  SpS,ter  betrachtete  aucb  Girard  die  beiden  Eoeffizienten 
als  ungleich,  Paris,  Mem.  de  la  classe  des  sciences  de  Tlnstitat  1818/15  (1818), 
S.  256. 

4)  Berlin,  Abbandlungen  der  E.  Akademie  der  Wissenscbaften  a.  d.  Jabren 
1814—1815  (1818),  matbemat.  Elasse,  S.  172. 

5)  G.Hagen,  Grundziige  derWabrscbeinlicbkeitsrecbnung,  Berlin  1837,  S.129. 

6)  J,  W.  Lahmeyer,  Erfabrungsresultate  (ib.  d.  gleicbf5nnige  Bewegung  des 
Wassers  in  FluBbetten  u.  Kan&len,  Braunscbweig  1845;  Allgem.  Bauzeitung  17 
(1852),  S.  153. 

7)  Annales  des  mines  (4)  20  (1851),  S.  183. 

8)  Z.  d.  68t.  I.  u.  A.V.  7  (1855),  S.  73. 


! 
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Um  das  Jahr  1800  zeigte  CA.  Cofdontb%  daB  der  Widerstand,  den  | 

langsam  bewegte  Korper  im  Wasser  erleiden^  sich  aus  zwei  AusdrQcken 
zasammensetzt,  von  denen  der  eine  der  Geschwindigkeit^  der  andere 
ihrem  Quadrate  proportional  ist.  Dies  veranlafite  P.  S.  Girard f^)  einen 
Ausdruck  fQr  das  Gefalle  J  abzoleiten,  nach  welchem  dasselbe  der 
Summe  U  +  U^  proportional  ware.  Gegen  den  bei  FuSmaB  gemein- 
schaftlichen  Koef&zienten  von  U  und  V^  hatte  R.  de  Prany^)  Bedenken 
nnd  er  folgerte  aus  30  Yersuchen  Dubuats  und  einem  Cheeys,  es  sei 

(37)  JB  -  0,000  OUU+  0,000  309  U% 

wahrend  Eytdwein  aus  den  36  Yersuchen  von  Dubuat,  16  von  Briinings, 
4  von  WoUmann  und  35  von  Funk 

(37  b)  JB  =  0,000  024  U  +  0,000  366  U^ 

ermittelte,*)  und  auch  G.  Hagen^)  der  Gestalt  von  (37),  wenn  auch 
nicht  den  Zahlenwerten  beipflichtete.  Dann  aber  trat  J,  W,  Lahmeyer^)j 
der  znerst  die  alte  Form  beibehalten  hatte,  mit  einer  Untersuchung 
hervor,  in  der  er  sich  auf  616  Messungen,  darunter  auf  viele  hundert 
eigene,  stiitzte  und  ftir  gerade  Flufistrecken 

(38)  U  =  49,87  VU  YJB      oder      U  =  183,56  VJ^B"^ 

erklarte.  Etwas  spater  gab  B,  de  Saifit-Venant"') 

(38 a)  JB  =  0,00040  C^^'"     oder     V  -  60(e7ii)" « 

an  und  arbeitete  entsprecheude  Rechentafeln  aus,  trotz  welcher  die 
Formel  (38  a)  auBer  Gebrauch  kam.  P.  v.  Bittinger^)  glaubte  auf  Grund 
vieler  Messungen  in  Graben  und  Gerinnen,  in  denen  Cr=-  0,06  bis  4,4  war, 

C7=112er+ 1,318  T 
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setzen  zn  dQrfen,  worin  T  die  mittlere  Tiefe  in  m  bezeichnet.   Endlich 
liat  J.  Neville^)  eine  Beziehung  aufgestellt^  die  in  metrischem  Ma& 

(38 b)  U  -  77,3  YRJ-  49,8  VrJ 

laaten  worde. 

25.  Formeln  fiber  das  Stromen  in  offenen  L&ufen  naoh  Daroy. 
Mit  der  letztgenannten  Formel  war  das  Bestreben,  eine  einheitlicbe  fiir 
alle  Flofigattangen  aafzustellen,  zunachst  zum  Abschlofi  gelangt,  denn 
dnrch  Darcys  1857  yeroffentlichte  Beobachtungen  an  Rohren  war  nacli- 
gewiesen,  dafi  die  Beschaffenbeit  der  Wandungen  von  grofier  Bedeutung 
far  die  Oescbwindigkeit  ist.  Wieder  war  es  H.  Dwrcy  der  im  Verein 
mit  H.  Bazin  die  grondlegenden  Yersucbe  durchfQbrte.^)  Hierzu  diente 
ein  596,5  m  langer,  2  m  breiter  nnd  1  m  tiefer  Graben,  der  Tom  Kanal 
Ton  Borgund  gespeist  wurde  und  dessen  Querscbnitt  man  verschiedent- 
licb  dnrch  Einbauten  nmgestaltete  nnd  auf  vierfache  Weise  auskleidete. 
Es  zeigte  sich,^)  daB  die  mittlere  Gescbwindigkeit  des  Wassers  bei 
gleicbem  Profilradins  R  und  Gef  alle  J  bei  rechteckigem,  trapezformigem 
and  dreieckigem  Umrifi  gleich  grofi  ausfiel,  wahrend  darcbi  einen  halb- 
kreisfSrmigen  Qnerschnitt  das  Wasser  etwa  um  y^^  sehneller  als  dnrch 
einen  rechteckigen  yon  gleicbem  B  floB.  Diese  Erscheinung,  anf  welche 
spater  znrackgekommen  werden  wird,  hat  bis  jetzt  wenig  Beachtnng 
gefhnden,  zum  Teil,  weil  ein  halbkreisformiger  oder  anch  ein  ahnlicher 
Qnerschnitt  bei  natQrlichen  GerinncD  gar  nicht  und  bei  kanstlichen  nnr 
ansnahmsweise  vorkommt.  Darcy  starb,  ehe  er  zur  YerofiFentlichnng 
schreiten  konnte,  so  dafi  diese  Bazin  allein  yomahm,  welcher^)  in 
ChezyB  Ausdmck  77  =»  c'^BJ  unter  BerQcksichtigung  sonstigen  damals 
Torliegenden  Beobachtungsmateriales  fur 

I.  glatten  Putz,  gehobeltes  Holz     .     .    1  :  c^  =  0,00015  (l  +  -^-  ) , 

11.  nngehobelte  Bretter,  sandigen  Putz, 

Qnader,  Ziegel 1  :  c*- 0,00019  (l  + -;^), 

m.  rauhe  Wande,  Bruchstein  .     .     .     .   1  :  c«  =  0,00024  (l  +  ^-  ) , 

IV.  Erde l:c«=  0,00028  (1  +  -J-) 

bestimmte,  wozu  Ganguillet  und  KuUer^)  noch  fur 

Kies    . 1 :  c»- 0,00040  (l  +  ^ J) 

1)  J.  NeviUe,  Hydiaulic  Tables,  Coefficients  and  Formulae,  3.  €d.,  London  1875 

2)  Paris,  M^m.  pr^s.  par  div.  sav.  19  (1866),  S.  162  u.  f.  =  H.  Darcy  u. 
JET.  Bctzin^  Becherches  hydrauliques  1,  Paris  1866. 

8)  Recherches,  S.  17. 

4)  Recherches  hydrauUques  1,  S.  130,  134,  136,  142. 

6)  Z.  d.  5st.  I.  u.  A.  V.  21  (1869),  S.  11. 

Vorchheimer:  Hydraulik  5 
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hinzuftigten.  Etwa  um  dieselbe  Zeit  wie  Baeins  Abhandlnng  erschien 
der  Bericht  Qber  grofiartige  Messungeii;  welche  A.  A.  Humphreys  und 
L.  H.  Ahbot^)  am  Mississippi  Yorgeoominen  hatten  nnd  aus  denen  sie 

(39)      17=  (1/5?^^^^^ 

ableiteteii;  worin  R^  den  Bruch^  Qaerschnitt  durch  Summe  von  be- 
netztem  Umfang  und  Spiegelbreite  bedeutet,  also  bei  breiten  Stromen 
zu  0,5  12  wird.  Da  das  letzte  Glied  recht  klein  ist,  lafit  sich  (39)  zu 

(39  a)  U^  5,0  bis  5,7  YR  Vj 

kiSrzen,  wobei  5,0  ftir  kleine  B,  5,7  ftir  groBe  B  gilt.  Die  Messungen, 
welche,  mit  Doppelschwimmer  yorgenommen  und  daher  ungenau,  da* 
mals  fUr  sehr  genau  galten,  erweckten  den  Wunsch,  einen  Ausdruck 
zu  finden,  der  sowohl  fQr  kleine  Rinnsale  als  auch  fdr  gewaltige  Strome 
passe.  Dies  taten,  jedoch  ohne  Riicksicht  auf  den  XTmstand,  daB  sich 
am  Mississippi  c  anscfaeinend  im  entgegengesetzten  Sinn  yon  J  anderte, 
Ph.  GaucMer,*)  der  fur 

J>  0,0007,     17-  k^B'/^J       (Oder  c  =  XjiiV*  JV.), 
^    ^  J<  0,0007,     CT-  AjJRV.  JV.     (Oder  c  «  X^B'^^)^ 

worin  X^  und  A,  yon  der  Raubigkeit  abbangen,  und  K,  B.  Boniemann^) 
der  ftir  nicht  zu  kleine  Oef alle 

(40a)  V^  X^B^'-ri^     (Oder  c  -  iLjBV.  jVio) 

mit  X^  in  Abbangigkeit  yon  der  Raubigkeit  setzte,  aber  beide  hatten 
wenig  Erfolg.  Um  so  haufiger  wurde  und  wird  yon  der  Formel  der 
schweizerischen  Ingenieure  E.  GanguUId  und  W.  B,  Kutter^)  Gebrauch 
gemacht,  welche  yon  der  Ansicht^)  ausgingen,  dafi  in 

(35)  U==cyBJ 

1)  A.  A.  Humphreys  und  JS.  L,, Abbot,  Report  upon  the  physics  and  hy- 
draulics of  the  Mississippi  River,  Philadelphia  1861,  auch  deutsch  von  JET.  Gre- 
henau,  Theorie  der  Bewegung  usw.,  Munchen  1867. 

2)  Ann.  d.  ponts  et  chauss.  (4)  16  (1868),  S.  229. 
8)  Zivilingenieur  (2)  15  (1869),  Sp.  42. 

4)  Z.  d.  est.  I.  u.  A.  V.  21  (1869),  S.  6  u.  46  =  E.GanguiUet  u.  W.  JR.  KuUer, 
Versuch  zur  Aufstellnng  einer  ....  Formel  fiir  die  gleichftJrmige  Bewegung  des 
Wassers,  Bern  1877.  —  Die  Formel,  welche  P.  J.  Flynn  seinen  Tafeln  (Flow  of 
Water  in  Open  Channels  etc.,  New- York  1886)  zugrunde  legt,  weicht  von  (41) 
nur  dadurch  ab,  dafi  er  J  im  Ausdruck  fiir  c  immer  =  0,001  setzt.  Andeie  Ab- 
weichungen  machten  nach  T.  C.  Elkin  (Water  Pipe  and  Sewer  Discharge  Dia- 
unrams,  London  1908,  S.  4),  Jackson  und  Moore. 

5)  W.  i2.  Kutter,  in  Allgem.  Bauzeitung  36  (1870),  S.  239. 
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c  stets  Ton  der  Ranheit  abhange,  aber  um  so  weniger^  je  groBer  R  ist^ 
c  bei  Znnahme  yon  R  wacbse  und  zwar  um  so  langsamer,  je  grofier  R 
ist,  c  mit  der  Zunahme  des  Gef  alles  J  bei  glatten,  rechteckigen^  nicht 
sehr  grofien  Gerinnen  und  Erdkanalen  zimehme^  dagegen  bei  rauheren, 
rechteckigen  Gerinnen  und  in  Bachen,  Fliissen  oder  gar  Stromen,  den 
amerikanischen  Messungen  gemafi,  abnehme.  Dementsprechend  stellten 
sie  die  Gleichung 

,a  +  A  +  ?^ 

auf^  welche  sie  an  210  Messungen  (darunter  16  von  Humphreys  und 
Abboiy  97  von  Baein)  prftften^  die  an  alien  Arten  Wasserlaufe  vom 
Mississippi  bis  zu  einer  Wildbacbscbale  (6  Messungen  von  Eutter)  vor- 
genommen  waren.  Mit  Bticksicht  auf  die  Kauhigkeitsziffer  n  teilten 
GanguiUet  und  Kutter  die  Wasserlaufe  in  folgende  sechs  Eategorien 

I.  Eanale,  sorgsam  gehobeltes  Holz  oder  glatter  ^  i:^ 

Zementputz, 0,01  100 

n.  Eanale,  Bretter 0,01^  83,35 

III  Eanale,  Quader  oder  gut  geftagte  Ziegel  .     .     .  0,013  76,91 

IV.  Eanae,  Bruchsteine .  0,017  58,82 

V.  Eanale  in  Erde,  Bache  und  Flflsse 0,025  40,00 

VI.  Gewasser  mit  gr5berem  Geschiebe  und  Pflanzen  0,030  33,33. 

Ftlr  halbkreisfSrmigen  Querschnitt  sei  dann  noch,  was  meistens  liber- 
sehen  wird,  c  um  fQnf  bis  sechs  Einheiten  zu  erhohen.^)  FUr  i2  —  1  m 
wird  nach  (41)  stets  c  =  1 :  n,  womit  n  definiert  erscheint.  Die  Ver- 
&sser  erleichterten  die  Anwendung  yon  (41)  durch  eine  graphische 
Darstellung^),  welche  darauf  beruht,  daB,  wenn  man 

,.23  +  i-  +  ^, 

/oQ    ,    0,00166\ 

setzt, 

zVB 
c  — -— ^ 

wird,  und  dann  bei  Auftragung  yon  x  und  z  als  Abszissen  und  Ordinaten, 
die  Linien  yon  konstantem  J  Hyperbeki,  die  yon  konstantem  n  gerade 
Strahlen  geben.  Verbindet  man  bei  bekanntem  J  und  n  den  Schnitt- 
punkt  der  betreffenden  eT'-Hyperbel  mit  dem  betre£Penden  n-Strahl  mit 

1)  Ebenda  S.  889. 

2)  Kebst  der  Zahlentafel  III  im  Anhang  beigefugt. 

6* 
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dem  auf  der  Abszissenachse  gelegenen  Punkte  yon  der  Abszisse  —  VR, 
so  schneidet  die  neae  Gerade  die  Ordinatenachse  in  der  Entfernung  c 
vom  Ursprung.  Der  Wert;  der  graphischen  Darstellung  liegt  neben  der 
Wegschaffung  der  Rechnung  darin^  daB  man  sofort  erkennt,  mit  welcli 
grofier  Ungenauigkeit  man  arbeitet,  wenn  man  die  Rauhigkeitsziffer  n 
nur  angenahert  kennt.  In  der  Tat  kommt  es  praktisch  wesentlich  auf 
die  richtige  Wahl  der  Ziffer  n  an^  zu  deren  Schatzung  weiter  die  An- 
gabe  zahlreicher  Messangen  folgen  wird.  Eine  meist  als  £ti^^8che 
Formel  bezeichnete  AbkQrzung  von  (41),  namlich 

ist  besonders  fUr  die  Berechnuag  stadtischer  Siele  (Unratskanale)  be- 
liebt,  wobei  nach  K,  Baumeister^)  fiir  glasierten  Ton  und  nnverrostetes 
Eisen  b  »  0,27,  fur  unreines  Wasser  und  alteres  ausgefugtes  Ziegel- 
mauerwerk  b  =  0,45|  zu  nehmen  sei.  Jf.  Knauff*)  berechnete  ein  ge- 
mauertes  Siebietz  nach  der  Formel 

<4ib)     •  u^^'-^VM 

0,3  -|-  yR 
ein  Tonrohrennetz  hingegen  nach 

(41  c)  U=  -^-^^^  YRJ. 

^         ^  0,26  +  }/22    ^ 

Die  Messungen  von  Humphreys  und  Abbot  veranlaBten  auch  G,Hagen^), 
nachzusehen,  ob  sie  nicht  einer  einfachen  Beziehung  entsprachen,  und  er 
fand  in  der  Tat  als  solche 

(42)  Cr=2,4251iV.jV.     /oder  c  =  ^'t^V 

Sp'ater  ^)  ersetzte  er  unter  Heranziehung  yon  Beobachtungen  an  anderen 
Stromen  und  Fliissen  (42)  durch 

1)  Zeitschr.  f.  Baukande  7  (1884),  Sp.61,  Handb.  d.  Baukunde,  3.  Abt.,  8.  Heft, 
Berlin  1890  =»  K,  Baumeister ,  Stadtisches  StraBenwesen ,  S.  250.  Gl.  (41  a)  ffir 
Wasserrohre  siebe  oben  S.  58. 

2)  Gesundbeitsingenieur  10  (1887),  S.  15;  19  (1896),  S.  400.  Th.  HenneU 
(Hydraulic  and  otber  tabloB,  2.  ed.,  London  u.  New -York  1901,  S.  6)  fand  bei 
Messungen  in  langen  glasierten  Tonrobrleitungen,  welcbe  viertel-  bis  drittelvoll 
liefen,  dafi  bei  den  verscbiedensten  Neigungen  die  Gl.  (41)  mit  n  »»  0,018  gut 
entspracb;  bei  einem  Siel  von  1,52  m  H5he  iibertraf  die  Gescbwindigkeit  aber 
betr&cbtlich  das  U  der  Formel. 

8)  Berlin,  Abbandlungen  der  k.  Akademie  d.  Wissenscbaften,  Jahrg.  1868. 
4)  G,  Hagen,  Untersucbungen  ub.  die  gleicbfbrmige  Bewegung  des  Wasscn, 
Berlin  1876,  S.  79,  63. 
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(42  a)  f7=-3,34JRV.J-/.     /oder   c^^\ 

nnd  ftigte  fQr  kleise  Gerinne 

(42b)  J7  =  4,9iJJ^V.      ^oder  o  =  ^^) 

kinzn^  wobei  er  trotz  der  Arbeiten  yon  Barcy  und  Bazin  nicht  einmal 
zwiscben  Holz  und  Erde  bei  kfinstlicben  Gerinnen  unterscbeiden  zu 
■ollen  glaubte.  Endlicb  bewogen  ibn  Messungen  yon  A,  Cunningham^) 
am  Gangeskanal  (derselbe  ist  30  m  breit,  3  m  tief  und  f  allt  1 :  40000 
bis  1  :  3165)  fur  so  grofie  und  dabei  regelmafiige  Laufe 
(42  c)  f7«43,7i?v.jv.     (oder  c  =  43,7JRV.) 

zu  bewerten. 

Eine  ziemlich  willkiirlicbe  Ableitung  unternabm  P.  E.  Harder. 
Derselbe  scblofi  zunacbst^  dafi  mit  der  Entfernung  y  yon  der  Sohle  die 
Gescbwindigkeit  u  nach  dem  Gesetze  ^         ^        ^ 

zunebme,  wobei  u^  die  Soblengeschwindigkeit^  c^ 
eine  Eonstante  und  h  die  Hobe  des  schnellsten 
Fadens  fiber  der  Soble  bedeutei  Zwiscben 
der  Sohle  und  der  Stelle  h  lauft  dann  se-     ^^^ 
kundlicb  pro  Meter  Flufibreite  die  Wasser-    "*"-"*" 

menge 

h  

Judy  -  u.y  +y\i  [^  Vth^f  +  ¥  arc  Bin ?'^*); 

0 

so  daB  fQr  den  betreffenden  Streifen  die  mittlere  Gescbwindigkeit 

0 

ware.   Einen  ahnlichen  Ausdruck  findet  Harder^)  flir  den  ganzen  Quer- 
scbnitt  bis  zum  Spiegel,  der  die  Hobe  H  fiber  der  Soble  babe,  namlich 

(43)  ^fudy  =  u,+  c,H  YI, 


1)  A.Cunningham,  Hydraulic  ezperimentB  atRoorkee  1874/5,  Roorkee  1881; 
gekflrzt  in  Min.  Proc.  Inst.  Civ.  Eng.  71  (1883),  S.  1. 

2)  Harder,  Tbeorie  der  Bewegnng  des  Wassers  in  Flussen  und  Ean&len, 
Hamburg  1878,  S.  46,  98. 
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worin  c,  eine  Konstante.  Da  nun  der  Sohlenwiderstand  proportional  w,* 
Torausgesetzt  warden  darf^  so  gilt  neben  (43)^  weil  der  Sohlenwiderstand 
bei  gleichformiger  Bewegung  der  Gewichtskomponente  HJ  gleich  sein 
mufi,  mit  c^  als  neue  Konstante 

<43a)  c^u/^HJ    Oder    u^^^ySjic^ 

nnd  daher  nach  Yereinigung  von  (43)  mit  (43  a)  bei  Ubergang  zum 

ganzen  Querschnitt 

<43M  U ^  c^YBJ  +  c^Ryj. 

Die  Konstante  c^,  welche  Harder  als  gleichbleibend  betrachtet,  er- 
mittelte  er  zu  7^54^  wahrend  fdr  Zement  c^  =  70,5^  ftb-  Quader  und 
Ziegel  c^  »>  56  und  fdr  Erde  und  Bruchstein  c^ »-  36,27  sein  soU. 

G.Lavcde^)  fahrte  die  mittlere  Tiefe  T  und  in  eigentiimlicher  Weise 
die  Breite  B  des  Spiegels  in  seine  Formel  ein  und  setzte  die 

groBte  Geschwindigkeit  YT'' ^  2^yB^ryjK 

jR.  Manning^  wiederholte  1890  die  zweite  Gauckler Bche  Gleichung 

(40),  wobei  er  aber  A,  mit  den  GanguiUet-KuUer  schen  Zahlen  —   ver- 

tauschte,  so  daS  er 

(44)  J7=  :J--RV.JV.      (oder  c  -  ^R'^*) 

erhielt  und  beispielsweise  ftlr  Werksgraben  mit  Bruchsteinverkleidung 
68,82  ii'/»e7*/»  hat  Er  gibt  an,  daB  seine  Formel,  nach  welcher  c  vom 
Gefalle  unabhangig  ware,  sich  ebensogut  wie  die  von  GanguiUd  und 
KuUer  den  von  letzteren  benutzten  Messungen  anschliefie;  ihrer  grofieren 
Einfachheit  wegen  wird  daher  (44)  auch  vielfach  empfohlen.  Ffir  Strome 
gibt  Manning  — 

(44a)  c-34(l+>;^-^), 

womit  er  ausspricht,  daB  ihre  Rauhigkeit  nur  von  der  Tiefe  abhange. 
H.  Bazin^)  tadelte  spater  an  seinen  ersten  Formeln,  daB  sie  ftlr 
verschiedene  Rauheit  bei  waohsendem  Profilradius  R  auf  yerschiedene 
Koeffizienten  c  der  Gleichung  (35)  fiihren,  wahrend  doch  bei  wachsen- 
der  Tiefe  die  Beschaffenheit  der  Oberflache  an  Bedeutung  verlieren  miisse. 
Indem  er  den  Zuwachs  beriicksichtigte,  welchen  der  Bestand  an  brauch- 

1)  /.  Bapp,  Unsere  naturlichen  WaBserl3,ufe.    Weilheim  1888. 

2)  Txansactions  of  the  Institution  of  Civil  Engineers  of  Ireland  12  (1890), 
S.  68.  Dementsprechend  nimmt  (nach  K.  Thumm,  Sonderkatalog  f.  d.  Slldte- 
reinigung,  ...  Hygiene- Ausstel lung  Dresden  1911,  S.  137)  W,Lindley  fflr  Eiform- 
eiele  yerscbiedener  FiillhOhe  lOOOJ"  =  0,26  C/^'®:  J2^*^  an  oder  nmgerechnet 
U  =  100,3  B®'"^*J®'"^  C.  Lundgren  (Tekniek  Tidskrift  1904)  weicht  von  Gl.  (44) 
nur  ab,  indem  er  R  den  Exponenten  ^ -j*I^^Sr(I^OO'0  erteilt. 

3)  Ann.  d.  ponts  et  chauss.  (7)  1*  (1897),  S.  56. 
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baren  Messnngen  seit  seiner  ersten  Yeroffentlicliung  erfahren  hatte^  ent- 
schied  er  sich  nunmehr  f(ir  den  neuen  Ausdruck^  der  eigentlich  die  yer- 
einfachte  KuUersche  Formel  (41  a)  mit  87  statt  100  im  Zahler  ist, 

(45)  -  '' 


U 


VRJ, 


1  + 


y/B 


in  welchem  y  yon  der  Rauheit  abhangt  und  fUr 

glatten  Putz,  gehobeltes  Holz 0,06 

Holz;  Quader,  Ziegel 0^16 

Brucbsteinmauerwerk 0^46 

Pflaster,  regelmafiiges  Erdbett 0,85 

Erdkanale  iiblichen  Zustands 1,30 

Erdkanale  mit  besonderem  Reibungswiderstand .  1,75 

ist.   Die  Berechnung  nach  (45)  wird  wesentlich  durch  Benutzung  des 
beistehend   wiedergegebenen   Abakus   yon   M.  cFOcagne^)   erleichtert. 


S 


Punkte  der  (lotrechten)  Gera- 
schneidet  die  (zweite  lotrechte) 
mit  dem  betreffenden  Punkte 
bunden,  einen  Strahl  liefert,  der 
selben  Geraden  wie  die  y  anf- 
sprechende  J'trifft.  Die  beiden 


Eine  Gerade,  welche  die  jeweiligen 
den  y  und  der  Kurye  R  yerbindet, 
Gerade  S  in  einem  Punkte,  der 
der  (wagrechten)  Geraden  U  yer- 
auf  der  Skala  J  (sie  ist  auf  der- 
getragen)  das  dem  R  und  U  ent- 
schragen  Geraden  der  Figur  deu- 
ten  beispielsweise  an,  wie  man  fiir 
y  -  1,30,  R  «  1,60  m  c7  =  0,002 
die  zugeborige  Losung  U  —  2,40 
findet  Eine  Tabelle  (IV)  befindet 
sich  im  Anhang. 

Als  der  Zeit  nach  nachster  Yerfasser  ist  C.Hefile 
zu  nennen,  der  ahnlich  wie  Harder  aus  der  Geschwin- 
digkeitsyerteilung  im  Innem  der  Wassermasse  auf 
den  Reibungswiderstand  schliefit,  den   die  gauze  Masse  er- 
fahrt.  Seine  Begriindung  der  Geschwindigkeitsyerteilung  ist 
zwar  anfechtbar,  aber  auf  die  Begriindung  kommt  es  ebenso 
wie  bei  Harder  schliefilich  nicht  so  sehr  an,  und  seine  SchluB- 
formel,  die  bis  auf  die  Zahlenwerte  mit  (43  b)  tlbereinstimmt, 
ist  einfach  und  fOr  kleine  Gefalle  brauchbar.  Sie  lautet  fCLr  natiLrliche 
Gewasser  *) 
(46)  17 -  25 (1  +  ^YR)  YrJ^  25  yRJ+  12,5 iJ^J. 


-8 
10 


1)  Ann.  d.  ponts  et  chaass.  (7)  8^  (1898).  S.  307. 

2)  Z.  f.  Gewasserkunde  2  (1899),  S.  81. 
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Beispiel.  Der  benetzte  Umfang  eines  Gerinnes  vom  Querschnitt  F  besteht 
aus  den  anfeinanderfolgenden  LUngen  2^  nnd  2^ ,  fur  welche  Bazina  y  =  y^  nnd  y^ 
ist.   Es  ist  die  Qeschwindigkeit  U  fur  ein  GefSIle  J  zu  berechnen.  Da  man  bei 

gleichmUfiig  rauhem  (Jmfang  nach  de  Chezy  J  ^  — ^-T"^   hatte,  gilt  hier  mit 

Jb  c 

den  EoefQzienten  Cj  und  c,  folgerichtig  J  s=s  —  l—^  -| ^\  oder 

Diese  Ann&herangsformel  wird  nnanwendbar,  wenn  man  keine  einheitliche  Ge* 
Bchwindigkeitsverteilnng  voraassetzen  darf. 

26.  Neuere  Formeln  ohne  Bauhigkeitsziffer.  Viele  der  bisher 
genannten  Forscher  waren  bestrebt^  fiir  natiirliche  Wasserlaufe  eine 
einzige  Formel  mit  unyeranderlichem  KoefiSzienten  aafzustellen,  und 
zeigten  hiermit^  dafi  sie  diese  Aufgabe  fiir  losbar  hielten^  es  hat  aber 
erst  B.  Siedek^)  ausgesprochen^  daB  in  einem  natiirlichen  Lauf  die 
Rauhigkeit  von  seinem  Gharakter  abhange^  also  durch  seine  Breite, 
Tiefe  und  Neigung  bereits  beBtimrnt  und  daher  eine  Rauhigkeitsziffer 
in  der  Geschwindigkeitsformel  entbebrlich  sei.  Zu  dieser  Erwagung 
kam  die  weitere^  daB  erfahruugsgemaB  die  Rauhigkeit,  soweit  sie  in 
der  GanffuiUet'KuUerBGhen  Gleichung  als  Zahl  n  erscheint,  auch  im 
selben  PluB  —  wie  oben  erwahnt  —  mit  dem  Wasserstande  stark 
schwankt,  man  sie  also  nicht  einmal  von  vornherein  angeben  kann.  Iii 
der  Tat  verandert  ja  ein  FIuB  die  Oberflache  seines  Bettes  fortwahrend^ 
welchem  daher  nicht  wie  vielen  k^stlichen  Gerinnen  eine  bestimmte 
Rauhigkeit  ein  fiir  allemal  zukommt.  Siedeh,  der  auch  darin  von  seinen 
Vorgangern  abweicht,  daB  er  statt  des  Profilradius  die  mittlere  Tiefe 
in  Betracht  zieht,  geht  yom  sogenannten  normalen  Flufi  aus,  in  welchem^ 
wenn  er  die  Wasserspiegelbreite  B  hat,  die  mittlere  Tiefe  =  T^,  das 
Gef alle  =  J„  und  die  Qeschwindigkeit  =  U^  sein  mtisse.   Dabei  gelte 


(47)  T„  -  yO,0175J5- 0,0125 , 

femer  nach  Siedeks  letzter  Veroffentlichung^)  fiir 

-B<10m,  1000J"^=1 1,65  -  l/58;2+T,52l5 , 

(47  a)    10m<JB<415m,     1000  e7"^=  1,0222  +  0,00222  5, 
5  >  415  m,  1000  J„=  0,1, 

(47  b)  Cr„=-^-^f^- 

1)  Z.  d.  est.  I.  u.  A.Y.  63  (1901),  S.  397,  409,  445;  66  (1903),  S.  99;  67  (1906), 
S.  61,  77,  216.    Znsammenstellong  der  beniitzten  637  Messungen  63  (1901),  S.  446. 

2)  Hydrographischer  Dienst  in  Osterr.  Grunds^tzliche  Bestimmungen  f.  d. 
Dorchfuhning  hydrometrischer  Erhebungen  herausgegeben  vom  k.  k.  bydrograph. 
Zentialburean  (J^.  LatLda\  3.  Aufl.  Wien  1908. 


25.  Fonnein  nach  Darcj.     26.  Formeln  ohne  Rauhigkeitsziffer 
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Im  gegebenen  Flufi  sind  nun  die  mittlere  Tiefe  T^  also  der  Bruch 
Quersclinittsflache  dnrch  Spiegelbreite,  und  das  OefaUe  J  abnormal^ 
iind  daber  sei  auch  die  Geschwindigkeit  nicbt  die  der  Gleicbung  (47  b)^ 
sondern  -«  11^  U^  oder  V^y  wie  nachstehende  Formeln  es  festsetzen: 


yB 


T  T 


hierbei  ist  fflr 

lm<B<3m,      3m<JB>15r,      3m<B<15r, 
^7-17,,  U-Ui,  U=U, 

und  hat  man  a,  fi  and  y  nachstehender  Tabelle  zu  entnehmen: 


Bei  einer 

Tiefe  T, 

wenn 

r>r. 

Oder  r„ 
wenn 

ist,  von 
m 

j 
a 

1 

Bei  einem  6e- 
f  &lle  J  von 

P 

1 

Bei  der 

Differenz  T^-T 

m 

1 

1 

1 

y 

J>Jn 

J<Jn 

J>Jn 

•'>  0,001 

•^<  0,001 

1 

0,0—0,8 
0,8—0,6 
0,6—1,0 
1,0-1,6 
1,5—2,0 
2,0—2,5 
2,5-3,0 
3,0—8,5 
3,6-4,0 
4,0-4,5 
4,5—6,0 
5,0—6,6 
6,6—6,0 
6,0—6,6 
fiber  6,6 

1 

1,6 

2 

8 

4 

6 
10 
16 
20 
80 
40 
60 
80 
100 

00 

'  0,006  —0,006 
0,006  —0,004 
0,004  —0,008 
0,008  —0,002 
0,002  —0,001 
0,001  —0,0009 
0,0009—0,0008 
0,0008—0,0007 
0,0007     0,0006 
0,0006     0,0006 
0,0005—0,0004 
0,0004     0,0008 
0,0008—0,0002 
0,0002—0,0001 
nnter  0,0001 

6—5 
6     4 
4—8 
8—2 
2—1 
1 

1,6 
2,0 
2,6 
8,6 
4,5 
6 
8 
10 

00 

6 
6 
5 
5 
6 
5 
5 
10 

00 
00 
00 
00 
00 

+  l,0biB+0,7 
+  0,7   „   +0,5 
+  0,6   „        0,0 

0,0   ,   -1,0 
-1,0   „   -2,0 

nnter  —2,0 

2 
2 

1 
10 
15 
20 

1 

1 

0,76 

0,6 
10 
15 
20 

1 

SiedeJcB  Bestreben  war^  mit  Verzicbt  auf  die  Eleganz  der  mathematischen 
Form,  alle  praktiscb  yorkommenden  Werte  von  U  in  einenl  einzigen 
Ansdrack  zu  vereinen.  Fiir  dessen  Yerwendung  ist  es  daber  zweck- 
maBig^  eine  grapbiscbe  Darstellung  zu  beniitzen. 

Siedek^)  yersuchte  seine  Form  el  auch  auf  kdnstlicbe  Gerinne  aus- 
zudebnen^  wobei  es  ihm  selbstyerstandlicber  Weise  nicbt  moglicb  war^ 
yon  einer  Rauhigkeitsziffer  Abstand  zu  nehmen.  Da  er  fand;  daB  die 
Bewegung  in  der  Nahe  der  Wand  yon  der  Beschaffenheit  weniger  ab- 


1)  Z.  d.  68t.  I.  n.  A.  y.  66  (1903),  S.  104.    Gmnds&tzliche  Bestimmangen  f. 
d.  Dnrchfuhmng  ▼.  Erhebungen,  8.  Aufl.,  S.  28. 
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lY.  GleichfOrmige  SMmung  in  offenen  L9.ufen 


0.5  m 


hange  als  im  Innem  des  Querschnittes,  zerlegt  er  den  Querschnitt  F  in 
einen  vom  benetzten  Umfang  umsaumteu^  0^5  m  breiten  EinfluBstreifen  tfF 

und  einen  Kern  xF,  so  daB 

6  +  X^l 

gilt^  und  multipliziert  die  Wassermenge 
U6F,  die  auf  <jJPbei  Berechnung  nach  der 
fQr  natiirliche  Gewasser  geltenden  B^eln 
entfiele^  mit  einer  Zahl^  welche  —  weil  kUnstliche  Rinnsale  glatter  als 
nattLrliche  zu  sein  pflegen  —  groBer  als  1  ist.  Seine  Formeln  fQr  Uin 
kilnstlichen  Gerinnen  stellt  er  zu  einer  Tafel  zusammen.  TJnter  Beibe- 
haltung  der  bisherigen  Bezeichnung  und  unter  Einftlhmi^  eines  Eoeffi- 
zienten  w,  der  die  Wandungsglatte  zum  Ausdruck  bringt^  lautet  dieselbe 


(S!F 


'     Wasser- 
'  spiegelbreite 

der  G 

1 

1 

Mittlere 
Tiefe 

erinne 

Ist  die  Wasser- 

spiegelbreite 

kleiner  oder  grOfier 

als  die  16fache 

mittlere  Tiefe? 

r                                                      - 

Forznel  zur  Berechnnng  der 
mittleren  Geschwindigkeit      , 

1 

1  von  1  bis  8  m 

unter  1  m 

"-iw^'-n 

aber  1  m 

U={cFio  +  *F)I^        i 

1 
1 
1    iiber  3  m 

nnfAr   1    m 

kleiner 

--{'0+'-)^  ! 

LUll^X      X     Ul 

grdfier 

-(V¥+-)* 

iiVkPT*    1    vn       1 

kleiner 

V~iaFu,  +  *F)^ 

1 
1 

grOfier 

U={aFic  +  xF)^-        ; 

Werte  der  Eoeffizienten  ti\ 


Benetzter  Umfang 


bei  recht- 
eckigem  Quer- 
schnitt unter 
1,6  m  Breite 


in  alien  ubrigen 
Fallen 


Quadem,  sehr  glatt 

Zement,  sehr  glatt       

Ziegelwandung,  Zementsohle  glatt 
Zement,  gewOhnlich  verputzt     .    . 

Ziegel 

Holz  glatt  gehobelt 

Holz  ungehobelt 

BruchsteiUf  gut  bebauen  .... 
Bruchstein,  einfach  behauen  .  .  . 
Bruchstein,  rauh  behauen  .... 
Bruchstein,  Sohle  mit  Eies    .    .   . 


2,05 
2,05 
2,00 
1,80 
1,45 
1,70 
1,40 
1,20 
1,15 
1,00 
1,00 


2,25 
2,25 
2,20 
2,00 
1,65 
1,90 
1,60 
1,40 
1,25 
1,10 
1,10 


26.  Keaere  Formeln  ohne  Rauhigkeitsziffer  75 

Beispiele:  1.  Man  rechnet  die  Greschwindigkeit  U  in  beistehend  skizzier- 
tem  Gerinne,  dessen  Sohle  und  Wandungen  auB  gat  behauenen  Bruchsteinen  her- 
^estellt  sind,  bei  einem  Spiegelgef  &lle  von  0,6 y^^  i 

da  die  Spiegelbreite  grOfier  als  3  m,  aber  kleiner      ►* J5^ -^^ 

aIb  die  15fache  mittlere Tiefe  und  letztere kleiner     V — \ — -* /^ /• -i 

&l8  1  m  ist,  aoB  der  Formel:  V>^'  "i" "^    y^    80 

Man  hat  <rF=  2,02  m*,  xF=.0,46m«,  w?  =  l,40,  r=i  0,71m,   JP=2,48m«  und 


Tyi(mJ_      T^T„        J -^„         T]/1000J  T^—  T      T^—  T 


Hiorin  ist  1000  J"^  0,6,  5-=  3,60  m,  T„=-l/0,0176  J?  —  0,0126  =-0,221,   1000  J, 

=  11,66  — 1/68,2  +  6,62  5  =  2,86,  a«2,  /J==10,  y  =  10  zu  setzen,  wonach 
U^  =  0,472  +  0,245  —  0,070  —  0,028  —  0,261  =  0,863  m  seo"*  und  U=^  0,66  m  sec"* 
folgt 

2.  Die  Formel  l&fit,  wenn  der  benetzte  Umfang  verschiedene  Bauhigkeita- 
^rade  aofweist,  deren  BerQcksiclitigung  durcfa  entsprechende  Wahl  des  Wider- 
fltandskoeffizienten  to  zu.    BeispielBweise  bestehe   in 
«iiiem  2,60  m  breiten,  1,2  m  tiefen,  rechteckigen  Ge-       ^ 
rinne  die  eine  Seitenwand  aus  verputztem  Beton,  die     ^ 
andere  aus  ungefaobeitem  Holze  und  die  Sohle  aus     ^ 
Kies.    Das  Binngef&Ue  betrage  0,4%o.     Dann  folgt    ^ 

17  =«  {(sFw  •\-%F)  -~  ,  worin  jetzt  sinngem&fi  cFvo    'v/// 

=  <r  J\  tt7|  +  <r  ^j  w,  +  tf  JP,  Wg  zu  setzen  ist.  Im 
Torliegenden  FaUe  ergibt  sich  fClr  1^  s»  8,0  m', 
itJF'-=l,06m«,    (jFj  — 0,6  m*,    tfF,  — 0,6  m*,    <t2^,  =  0,76  m*,    Wi  =  2,    w,=  l,6, 

«;,  =  1,1,  TJ^  =  Z^V'IOOOJ  _  ^  .^g.  ^  ^^^_,  ^^^  ^  _  ^^^^  ^  ^^^^  ^  ^^gg  ^  ^^^^^  0^726 
^  0,97  m  sec""  ^. 

Auch  T/i.  Christen^)  kam  zar  tlberzeagung,  dafi  der  Spiegelbreite  26 
(in  (48)  bezeichnet  also  b  die  hdlbe  Spiegelbreite)  besondere  Bedeutong 
zakomme  und  daB  der  Profilradius  durch  die  mittlere  Tiefe  T  zu  er- 
setzen  sei.  Er  gelangte  namlich  nach  Untersuchung  zahlreicher  Messungen 
zur  Formel 

(48)        u-^.v~Qj=^^VFj-y2¥yTjyb, 

wobei  er  unter  F  den  Querschnitt  verstand  und  unter  anderem  far 


1)  Z.  f.  Gew&sserkunde  6  (1904),  S.  181.  Th.  Christen,  Das  Gesetz  der  Trans- 
lation des  Wassers,  Leipzig  1903.  Ders.,  Zeitsch.  f.  prakt.  Geologie  14  (1906), 
S.  47. 


76  ^^'  Gleichfdrmige  StrOmnng  in  offenen  L&ufen 

Z     e  t  gehobelie  nngehobelte  ranlien 

^^  ^  L&ngsbretter        Qnerbretter        Brach stein 

A; -13,7  11,7  10,5  8,5 

l/2*«-71,7  56,6  48,1  34,5 

Eies  von  1 — 2  cm  Ton  8 — 4  cm  Geschiebe  von  FaustgrOfie 

9,6  7,6  5,5 

42,1  29,8  18,2 

Geschiebe  von  Fanst-  bis  EopfgrGfie,  grobe  Steine 

5,0  4,0 

15,6  11,3 

ermittelte.  Fiir  Bette,  deren  Bauheit  sicb  dem  betreffenden  Wasserstande 
anpassen  kosnte,  gibt  Christen  einen  einheitlichen  Aasdrnck,  and  zwar 

(48  a)  tr-  6,31  VtJ  Vh,    spater  U^l  Yfj  Vi . 

J,  Sermanek^)  halt  mit  Recht  Christen  entgegen,  daB  es  doch  nicht 
moglich  sei,  dafi  bei  zunehmender  Spiegelbreite  —  wie  dies  in  Gl.  (48) 
yerlangt  wird  —  die  Geschwindigkeit  ins  Unendliche  wachse,  wahrend 
er  bei  der  Formel  Siedeks  deren  Umstandlichkeit  tadelt.  Er  selbst  ge- 
langte  zn  nenen,  sehr  einfachen  Ausdriicken,  indem  er  das  c  der  Formel 
Chejsys  auf  Grund  von  800  Messungen  berechoete,  die  er  den  Aufsatzen 
Siedeks,  Christens  und  anderer  Yerfasser  entnahm,  und  die  berechneten 
Werte  von  c  zn  Gruppen  znsammenstellte;  er  fand  so,  falls  T  die  mittlere 
Wassertiefe  bedeutet,  bei  natilrlicben  Wasserlaufen 

fQr  T  <  1,50,  U  -  30,7  TJ'-, 

(49)  {  fttr  1,5  ^  T ^  6  m  Cr=  34 T'-eT/*, 

far  T  >  6  m ,  Z7  =  44,5  T^fiJ^^ 

T 


nndancb    tT- (50,2  + -J-)  TV.eTV 


wobei  jedoch  zn  bemerken  ist,  dafi  Hermanek  f(ir  ^  >  6  m  nnr  den  Ex- 
ponenten  0,6,  aber  nicbt  den  Eoeffizienten  44,5  ansdrUcklicb  angibt^ 
und  der  letztere  bier  unter  der  Voraussetzung  bestimmt  wurde,  daB  der 
Verfasser  woUte,  daB  fiir  ^  ==  6  m  die  zweite  und  dritte  Gleicbung  (49) 
iibereinstimmende  Geschwindigkeiten  ergeben. 

M.  Matakietvicz  setzte  zuerst*)  die  mittlere  Gescbwindigkeit 

(49  a)  ?7  =  33,922  T«'»*3  jo,48^ 

worin  die  Konstante  und  die  Erponenten  von  T  und  J  mit  Hilfe  der 


1)  Z.  d.  Ost.  I.  u.  A.V.  67  (1906),  S.  237.   Ebenda  65  (1913),  S.  682  veraffent- 
licht  0.  Groger  CT  =  23,781  T®»"®  J®»"1 

2)  0.  Wochenschr.  f.  d.  ofif,  B.  11  (1905),  S.  767. 


26.  Neaere  Formeln  obne  Baahigkeitsziffer  77 

Methode  der  kleinstea  Quadrate  aus  20  einwandfreien  Messungen  in 
Flofistrecken,  deren  Spiegel  den  ausgeglichenen  Sohlen  parallel  waren, 
^rmittelt  warden.  Spater^)  verallgemeinerte  er  in  der  Erkenntnis^  daB 
die  Gleichnng  mit  unyeranderliclien  Exponenten  den  Messungen  nicht 
«ntspreche^  diese  Formel  unter  Heranziehung  von  292  Messungen, 
welche  er  sorgfaltig  aus  770  Messungen  auswahlte,  in 

11 A  70f49S  +  10/ 

2,2  + r'"^"^* 

In  bemerkenswerter  Weise  stimmen  Hermaneks  Ansatze  mit  Hagens 
letzter  AufsteUung  (42  c)  und  mit  Mannings  Formel  (44)  iiberein.  Auch 
Harder  (43  b)  und  Hefile  (46)  kamen  offenbar  zum  Schlusse,  dafi  die 
Yon  jR  abhangige  Funktion  zwischen  ]/i2  und  R  liege;  nur  wahlten  sie 
eine  Summe  von  Gliedem  mit  )/jR  und  It  statt  einem  einzigen  Gliede 
mit  entsprechenden  Exponenten. 

Hervorzuheben  ist  auch,  daB  Ph.  Forchheimer^),  welcher  bei  Be- 
obacbtung  der  Wanderwellen  Messungen  in  einem  glatten  Holzgerinne 
bei  nur  wenigen  MiUimetem  Wassertiefe  Tornahm  und  zuerst  nach 
GanguiUet'KuUer  rechnen  wollte,  sich  genotigt  fand, 

<50)  ?7-100rO'V«'5 

zu  setzen. 

Soweit  sich  trotz  der  Verschiedenheit  der  Wasserlaufe  in  der  Natur 
die  Stromungsgeschwindigkeit  mathematisch  einheitlich  angeben  laBt, 
scheint  also  Hermanek  dies  getan  zu  haben,  und  die  Einfachheit,  mit 
der  ihm  dies  gelang,  bildet  iiberdies  mit  Rdcksicht  auf  die  praktische 
Anwendung  einen  weiteren  grofien  Vorzug  seiner  Formel. 

Wenig  einfach,  wenn  auch  gewiB  dem  Mittel  aus  den  zahlreichen 
Messungen  nahekommend,  sind  die  Formeln  von  W.  Lindboe}) 

Er  benutzte  die  von  Siedek  zunachst  angegebenen  537  Messungen, 
9  aus  Christena  „Translation'^,  122  aus  dem  ,,JahrbuGh  der  Gewasser- 
kunde  Norddeutschlands,  1907^^,  9  aus  der  „Entwickelung  der  Hydro- 
metrie  in  der  Schweiz".  Um  noch  groBere  Annaherung  zu  erzielen, 
loste  er  seine  Formel  in  sechs  Einzelregeln  gemaB  folgender  Tabelle 
auf,  welche  ftlr  Breiten  B  von  mindestens  10  m  bis  zu  Gef  alien  J=^  0,005 
und  bis  zum  Tiefenverhaltnis  T :  JB  =  0,1  gilt,  wobei  T  wieder  die 
mittlere  T^efe  und  B  die  Spiegelbreite  bedeutet. 


1)  Zeitschr.  f.  Gew&sBerkunde  10  (1911),  S.  97. 

2)  Z.  £.  Gewaaserkunde  6  (1904),  S.  327  =  Wien,  Ber.  112«*  (1903),  S.  1706. 
8)  Z.  f.  GewHsserkunde  10  (1911),  S.  30. 
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lY.  GleichfSrmige  SirOmniig  in  offenen  L&nfen 


u 

maec"^ 

J<  0,0006 

^<  0,028 

0,028  <  ^  '<  0,1             1 

T<  1,12  m 

1,12<T<  8,66m 

r>  8,66  m 

T<  1,12  m 

1,12  <T<  3,66  m 

T>  8,66  m 

23,37(0,822     ^)t^'^  J^'^^ 

24,11(0,822        ^W0'e»j0,4« 
27,45(0,822       ^Wo,58jO^ 

8,19 (2,293- -J)  r'-*  J"'" 
8,45(2,293  -  -^)  yO^V"^ 
9,62(2,293       ^Wo-'^jO.*- 

0,0006  <J<  0,006 

^<  0,028 

0,028  <  J  <  0,1 

38,86  (o,822       ^)  T'-*  j"-*^    11,86(2,298       ^Wo,9  jO.*7 
84,94  (o,822       ^  )  T">«»  J"'*'  i  12,24  ^2,298       ^  W  »•«»  J""-*' 
89,77(0,822         ^WO^JO."    18,94(2,298         ^W0.58j0,47 

Als  letzter  sei  Ringelmann^)  angefdhrt,  der  fQr  Wasser,  das  in 
dfinner  Schicht  fiber  rauhes  Pilaster  rieselte,  ffir  U  zwischen  0,11  und 
0,58  und  E  zwischen  0,0014  nnd  0,010 

U  =  0,35  yliJ 

ermittelte. 

SchlieBlich  sei  bemerkt,  daB  das  bisherige  Yerfahren  der  Anein- 
anderreihnng  von  Beobachtungen  behufs  Bildung  eines  Mittelwertes 
keine  nenen  Errungenschaften  verspricht.  Nicht  aof  die  Haufong,  son- 
dem  auf  die  Auswahl  und  Sonderung  der  Messungsergebnisse  ist  nun- 
mehr  das  Augenmerk  zu  richten,  vor  aUem  wohl  dabin,  dafi  man  die 
Phasen  des  Wasserstandes  berficksicbtigt,  nicht  den  Bach  bei  Hoch- 
wasser  gemeinschaftlich  mit  dem  Strom  bei  Niederwasser  behandelt. 
Das  geschieht  in  den  heute  bestehenden  Formeln  nicht,  und  so  sei  noch 
ausdrficklich  betont,  dafi  sie  alle  nur  gelten,  wenn  Icein  starker  Geschiebe- 
trieb  stattfindety  und  dafi,  wenn  die  ganze  Sohle  in  Bewegung  gerat,  die 
Geschwindigkeitszififer  wesentlich  sinkt.  Hierauf  wird  spater  (im  §  139) 
noch  zuruckgekommen  werden. 

27,  Teilnng  des  Quersohnittes.  Bei  offenen  Laufen,  z.  B.  aus- 
ufernden  Flfissen,  deren  Uberschwemmungsflachen  nur  seicht  uberronnen 
werden,  kame  man  haufig  auf  ganz  falsche  Ergebnisse,  wemi  man  den 
ganzen  Querschnitt  einheitlich  behandeln,  also  etwa  in  den  Formeln 
vom  Ban  jener  Chezy^  den  Profilradius  des  ganzen  Quersohnittes  ein- 


1)  Paris,  C.  R.  166  (1912*),  S.  849. 


27.  Qneiscbnittsteilung.    28.  Anwendung  anf  gescliloBQene  Leitungen      79 

f&hren  wollte.  Es  ist  einleuchtend,  dafi^  wenn  das  Bett  aus  einigen  yon- 
einander  sehr  yerschiedenen  Rinnsalen  besteht,  die  Bewegung  in  jedem 
der  letzteren  fast  nnabhangig 

Ton der  im (ibrigen Querschnitt        jX- r-" ! j- ;    »rt 

erfolgt.   Man  hat  dann  auch         W.         ^        ]       -t      yth,— it 

rechnerifich   die  Betteile   ste-  '*%  > r-^y       .      ,.-- 

Bondert  zu  behandeln  und  hat 

beispielsweise^  wenn  man  die  Teile  durch  Eennziffern  unterscheidet 

(51)  Q-Qi+Q,+    "-U,F,+  U,F,+  ^^^ 

In  der  Natur  yerrat  sich  die  Linie,  langs  der  zwei  ungleiche  Bewegungen 
aneinander  grenzen,  yielfach  durch  wirbelnde  Wassermassen^  welche 
eine  ahnliche  Rolle  wie  Walzen  zwischen  yerschieden  rasch  bewegten 
Flachen  spielen.^) 

Selbst  bei  einheitlichen  Querschnitten  ftihrt  tlbrigens  Ghezys  Form 
(also  auch  z.  B.  GanguiUet  und  KuUers  Ansatz)  zu  einer  Folgerung,  mit 
der  man  sich  kaum  befreunden  kann.  Nach  Ckeey  konnte  namlich,  wenn 
der  Querschnitt  in  Spitzen  ausULuft;  z.  B.  ein  Dreieck  bildet,  bei  ge- 
gebenem  Gefalle  und  Spiegel  der  Durchflufi  zunehmen^  wenn  man  die 
Spitzen  durch  Wande  abschlieBt,  also  den  Querschnitt  yerringert.  Es 
waren  also  wohl  die  Durchfliisse  an  den  Spitzen  und  im  Hauptteile  des 
Querschnittes  gesondert  zu  berechnen  und  dann  zu  addieren. 

28.  Anwendung  der  Formeln  fiir  offene  L&ufe  auf  gesohlossene 
Iieitongen.  Uber  die  Bewegung  in  Leitungen  yon  nicht  kreisformigem 
Querschnitt  liegen  nur  sehr  wenige  Yersuche  yor.  Man  begnQgt  sich 
daher  anznnehmen,  dafi  auch  fQr  geschlossene  Oerinne 

(52)  U^cVRJ 

gelte  und  nimmt  fQr  c  die  fur  offene  Binnsale  yon  gleicher  Wand- 
beschaffenheit  ermittelten  Werte.  DaB,  wie  (52)  yerlangt^  in  einem  ge- 
schlossenen  rechteckigen  Gerinne  und  in  einem  offenen  yon  gleicher 
Breite  und  halber  Hohe  der  tLbereinstimmenden 
Profilradien  wegen  die  namliche  Geschwindig- 
keit   U  gleiche  J  (Druckyerluste  bzw.  Gefalle) 


I 


erfordert,  haben  Versuche  yon  H.  Darcy  und  H,  Bojsin,^)  so  wie  spater 
yon  Th.  Christen^  bestatigt,   und  ahnliches  wies  letzterer  auch  ffir 

1)  Durch  solche  Wirbel  bleiben  h&nfig  nach  CberBchwemmnngen  Senknngen^ 
ja  sogar  Gi&ben  neben  dem  Bettrand  znruck.    Ygl.  unten  §§  137  u.  140. 

2)  H,  Barey  und  H.  Bazin,  Becherches  bydranliques  1  (1865),  S.  162. 

3)  Th.  Christen,  Das  Gesetz  dei  Translation  des  Wassers,  S.  48,  38.    Siehe 
anch  nnten  H.  Hochschild, 


so  I^-  Oleichf&rmige  Strdmnng  in  offenen  L3.afen 

Rohren  und  Halbrohren  nach.  AUerdings  wird  hiermit  die  Odltigkeit 
Ton  (48)  ftir  geschlossene  Querschnitte  nur  insofem  bekraftigt^  als  (48) 
fiir  offene  als  zntrefiPeud  erachtet  werden  kann.  Christen  betrachtet  denn 
auch  ftir  geschlossene  Gerinne  seine  Gleichnng 

(52a)  U  =  ^VQJ^^yFJ 

als  die  richtige,  wobei  er  sinngemafi  nunmehr  unter  Q  den  halben 
DurchfluB  und  unter  F  den  halben  Querschnitt  versteht.  —  Bei  an- 
genahert  kreisfdrmigen  Hohlgangen,  z.  B.  Sielen,  empfiehlt  es  sich  offen- 
bar,  jene  c  zu  benutzen^  die  filr  Rohren  ermittelt  worden  sind,  das  heiBt 
zu  den  ftir  die  Bewegang  in  Rohren  aufgestellten  Ausdriicken  zu  greifen. 

29.  Einflnfi  der  Temperatur  auf  die  Str&mung.  Solange  man  die 
Bewegung  in  Schichten  nicht  voUstandig  von  der  in  Wirbeln  schied, 
sondem  an  ein  gemeinschaftliches  Gesetz  fiir  beide  Bewegungsarten 
glaubte,  mu£te  man  —  weil  das  FlieBen  in  Haarrohrchen  durch  die 
Warme  sehr  befordert  wird  —  der  Temperatur  auch  eine  Wirkung 
auf  das  Stromen  in  weiten  Strangen  beimessen.  Auch  der  Entdecker 
der  beiden  Bewegungsarten  G.  Hagen^)  nahm  an^  dafi  der  Druckverlust 
sich  verringere,  wenn  die  Fliissigkeit  erwarmt  wird,  wenn  er  auch  zu- 
gleich  der  Ansicht  war,  daB  die  Wirkung  der  Temperatur  mit  wachsen- 
dem  Durchmesser  abnehme.  Hiermit  libereinstimmend  leugnete  0.  Bey- 
nolds^  einen  EinfluB  der  Zahigkeit  auf  die  wirbelnde  Bewegung,  so- 
bald  der  Widerstand  wie  das  Quadrat  der  Geschwindigkeit  wachst.  Es 
komme  dann  nur  mehr  auf  die  Dichte  an.  Nicht  quadratisches  Wachs- 
tum  herrschte  bei  den  Versuchen,  die  TT.  C.  Unwin^)  mit  glatten,  ro- 
tierenden  Scheiben  anstellte  und  die  denn  auch  eine  Abnahme  der 
Reibung  mit  der  Temperatur  t  (in  ®  C),  namlich  Proportionalitat  des 

Widerstandes  mit  ,       aaa>«ak  ^ 

1  —  0,00405  t 

zeigten.  Sehr  ahnliche  Anderungen  fand  spater  J,  G,  Mair*)  bei  den 
Druckverlusten  in  einer  38  mm  weiten  Messingrohre,  namlich  ftir 

(53)  «^  =  «ifx.r 

f olgende  Werte  von  Oj,  welche  zu  1  —  0,00416  t  proportional  verlaufen: 

1)  Berlin,  Abhandlungen  d.  K.  Akad.  d.  Wissensch.  1S69,  G.  Hagen,  tJher 
d.  Bewegg.  des  Wassers,  Berlin  1870,  S.  23. 

2)  Proceedings  of  the  Royal  Institution  of  Great-Britain  ==  Papers  2,  S.  237. 
8)  Min.  Proc.  Inst.  Civ.  Eng.  80  (1886),  S.  221  «  W.  C.  Unwin,  Treatise  on 

hydraulics,  London  1907,  S.  136. 

4)  Min.  Proc.  Inst.  Civ.  Eng.  84  (1886),  S.  429. 


29.  Eioflufi  der  Temperatur  auf  die  StrOmong.    30.  Bestimmnng  des  Gef&Ues    81 

Temperatur  in  •  C  13,9  21,1  37,8  54,4  71,1 

ai  0,00050    0,00048    0,00044    0,00041    0,00038. 

Bei  den  Yersnclien  Saph  und  Schoden^)  mit  den  glatten  engen 
Messingrohren  gab  zwischen  2  und  21^  G  jeder  ^C  etwa  6,7700^^^1^^™^ 
der  Reibnngshohe.  Nach  dem  Angeftlhrfcen  ist  bei  glatten  engen  Rohren 
eine  Wirkung  der  Temperatur  auf  die  Beibung  auch  bei  wirbelnder  Be- 
wegung  sicher;  welche  Wirkung  mit  zunehmender  Bauhigkeit  und  Weite 
unmerklich  wird.  Die  Temperatur  in  die  Formebi  fiir  die  Wasserbewegung 
einzuf&hren  yersuchte  V,  Foumie}) 

Zweifelhafb  ist  auch  noch  das  Yerhalten  anderer  FlUssigkeiten  als 
Wasser.  Wahrend  Reynolds,  wie  angedeutet,  der  Ansicht  ist,  dafi  der 
in  FlQssigkeitssaulenholie  gemessene  Druckverlust  bei  turbulenter  Be- 
wegung  f&r  alle  Fliissigkeiten  gleich  grofi  sei,  haben,  wie  oben  S.  57 
erwabnt,  Er&lirungen  an  amerikanischen  Petroleumleitungen  gezeigt, 
daB  Petroleum  viel  grofiere  Druckverluste  als  Wasser  erf  ahrt 

80.  Bestlmninfig  des  Gef&Ues.  Eine  besondere  Schwierigkeit  bietet 
fiir  die  Anwendung  der  Formeln  (35)  bis  (50)  die  Bestimmung  des  6e- 
f  alles  J  bei  den  naturlichen  Laufen,  weil  deren  Spiegel  eine  Eurve  bil- 
det,  so  dafi  man  zu  recbt  yerscbiedenen  Gef  alien  J  gelaugt,  je  nachdem 
man  den  Hohenunterschied  naherer  oder  entfemterer  Punkte  der  Gef  alls- 
berechnung  zugrunde  legt.  Man  kann  sicb  von  dieser  Unsicherheit  un- 
abhangig  macben,  indem  man  das  Langenprofil  des  Wasserlaufes  (in  yer- 
zerrtem  Mafistab)  zeichnet,  im  betreffenden  Querschnitte  eine  Tangents 
an  die  Spiegelkurye  legt  und  deren  Gef aUe  als  J  betracbtet.  So  wird 
yielfacb  yerfahren. 

Nach  R.  Siedeks^)  Ansicht  hat  aber  das  Gef  alle  oberhalb  eines 
Querprofiles  mehr  Einflufi  auf  dessen  mittlere  Geschwindigkeit  U  als 
das  unterhalb,  er  betracbtet  daher  bei  10  m  oder  noch  mehr  Spiegel- 
breite  als  Gef  alle  J  jenes  der  Yerbindungsgeraden  zweier  Oberflachen- 
punkte,  yon  denen  der  eine  zwei  Flufibreiten  stromauf,  der  andere  eine 
Flufibreite  stromab  yom  betreffenden  Querprofil  liegt.  Fiir  Gewasser  yon 
weniger  als  10  m  Breite  wiirde  sich  nun  seiche  Gefallsbestimmung  auf 
eine  allzukurze  Strecke  beschranken  und  R.  Siedek  rat  daher,  bei  ihnen 
die  Punktentfemung  yon  30  m  unabhangig  yon  der  Breite  beizubehalten. 
Eine  weitere  praktische  Schwierigkeit  besteht  darin,  daB  die  Gefalle  an 
den  beiden  Ufem  weder  untereinander,  noch  also  mit  dem  im  Strom- 
strich  iibereinstimmen,  wie  man  z.  B.  aus  der  S.  84  folgenden  Tabelle 
uber  den  Rauhigkeitsgrad  der  Elbe  entnehmen  kann. 

1)  Am.  Soc.  Civ.  Eng.  Trans.  61  (1908),  S.  290,  s.  oben. 

2)  Ann.  d.  ponts  et  chauss.  (7)  8  (1898^),  S.  1. 
8)  Z.  d.  OBt.  I.  u.  A.V.  66  (1908),  S.  104. 

Forohheimer;  Hydx»ulik  6 
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lY.  Gleichf^rmige  SirOmung  in  offenen  L&ufen 


31.  Die  Banhigkeit  natiirlioher  Lftofe.  Die  Ranhigkeit  der  Flusse 
tmd  Bache  lafit  sich  schwer  schatzen^  well  die  Beziehung  zwischen 
Ranliigkeit  und  Geschiebegrofie  bisher  unbekannt  ist,  ja  selbst  die  Auf- 
findung  einer  Bolchen  Beziehung  dadurch  erschwert  wird,  dafi  es  —  wie 
Christen  mit  Recht  bedauert  —  nicht  Ublich  ist,  bei  Geschwindigkeits- 
mesBungen  die  GeBchiebegroBen  aofzunehmen.  Auch  kann  die  Rauhig- 
keit  an  derselben  FlnfiBtelle  infolge  Veranderung  des  Bettes  stark  wechseln 
und  sie  BoUte  BOgar,  wenn  bei  hoherem  WaBBerBtande  die  Geschwindig- 
keit  BO  wachBt^  dafi  daB  WasBer  die  Sohle  angreift;  mit  dem  WasBerstand 
zunebmen.  In  der  Tat  ist  daB  nach  einigen  MeBsungen  z.  B.  in  der  Donau 
bei  Stein  und  im  Inn  bei  InnBbruck  der  Fall.  Doch  kommen  auch  Mes- 
aungBreihen  yor^  wie  z.  B.  die  in  der  Drau  bei  Yillach,  in  denen  die 
Rauhigkeit  oder  wenigstenB  das  GanguiUet-KutterBclie  n  bei  wachsen- 
dem  WaBserBtande  abnimmt.  NachBtehende  Tabellen  geben  tlber  das 
Verhalten  zahlreicher  Flufistrecken  AufBchlufi. 


(Q  »  Dorchflnfi,  h  »«  Wasserspiegelbreite ,  F:b  =>  mittlere  Tiefe,  hamx^^  grOfite 
Tiefe,  F  »  Querschnittsfl&che,  J  «=  GtefSIle,  U  ^=  mittlere  Greschwindigkeit,  e  »» 

Chetys  Zahl,  n  —  Raohigkeit.) 


Donan  bei  Stein,  74,46  km  ober  Wien^) 
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F 
1000  J 


m*  Bec~* 
m 
m 
m 
m« 


U 
c 
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m*'«Bec 
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8470 

8465 

2558 

297 

806 
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6,00 

5,28 

4,42 

7,46 

7,81 

7,01 

1486 

1619 

1824 

1,3(?) 

0,58 

0,52 

2,84 

2,14 

1,98 

29,6 

40.7 

42,8 

1   0,049 

— 

— 

— 

0,088 

0,08 

1458 

1250 

1197 

1155 

289 

288 

288 

298 

8,18 

2,96 

2,88 

2,83 

6,80 

6,22 

6,18 

5,68 

920 

854 

881 

828 

0,75 

0,64 

0,45 

0,46 

1,59 

1,46 

1,44 

1,40 

82,7 

37,5 

89,4 

40,3 

0,089 

0,034 

0,082 

— 

— 

— 

._ 

0,080 

1185 
287 
2,77 
6,10 
796 
0,54 
1,48 
48,0 
0,081 
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Inn  bei  Innsbruck*) 


Inn  bei  Knfstein*) 


Q 
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Fib 
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m 
m 
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U 
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42 
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67 

69 

66 

62 
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4,06 

2,48 

1,85 

0,74 

2,29 

1,88 

5,50 

2,80 

2,10 

0,95 

8,7 

8,8 
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46 

253 
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0,9 

1,15 

1,04 

0,89 

1,5 

1,45 

8,06 

2,81 

1,82 

0,91 

2,08 

1,86 

56,8 

44,4 

42,0 

35,4 

85,6 

85,7 

— 

0,026 

0,0265 

0,024 

0,088 

0,081 

0,021 

1 

— 

— 

— • 

— 

110 

94 
1,08 
8,2 

97 

1,8 
1,13 

80,9 
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1)  Jahibuch  d.  k.k.hydrograph.Zentralbureau8,  Donaugebiet,  6  (1898),  S.  304; 
8  (1900),  S.  299. 

2)  Ebd.  Donaugebiet,  8  (1900),  S.  297;  9  (1901),  S.  319.     Q  =  BBOm'sec"' 
wurde  nur  mittels  Oberflftchenmessung  erhoben. 
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Drau  bei  ViUach*) 

Weichsel  bei  Erakau*) 

.  Q         m*8ec~* 
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72 
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1  b               m 

61 
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49 

88 
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0,080 
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1901 
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Ein  noch  auffallenderes  Ergebnis  liefem  Erhebungen^)^  welche  das 
hydrographische  Zentralbureau  1897  bei  Wien  yomahm  und  wie  folgt 
laaten: 


Donau  bei  der  Kaiser-Franz- Josef-BrQcke  in  Wien 
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c 
1000  n 

Fib 
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8,68 

8,48 

8,08 

7,11 

6,91 
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0,682 

0,690 

0,602 

0,692 

2,97 

8,01 

2,89 

2,79 

2,46 

46,1 
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29,8 
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29,8 
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29,6 

4,76 

4,62 

8,76 

8,68 

8,07 

0,667 

0,661 

0,618 

0,608 

0,477 

2,61 

2,44 

2,14 

2,01 

1,81 

61,7 

61,7 

60,8 

49,2 

49,2 

24,2 

24,0 

24,0 

24,6 

24,2 

6,68 

0,688 

2,66 

49,0 

26,2  . 

2,64 
0,462 
1,67 
60,1 

28,2 


6,84 

0,676 

2,62 

48,4 
26,4 

8,46 

0,489 

1,69 

49,9 

.22,9 


4,98 

0,662 

2,46 

60,0 

26,2 


Donaukanal')  bei  der  Regierongs-JabilftnmB-Brflcke 


Fib 

1000/ 

U 

€ 

1000  n 

Fib 
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U 
c 
1000  n 


6,94 

0,860 

2,62 

69,6 

21,2 

4,83 

0,382 

1,68 

42,0 

31,1 


6,87 

0,861 

2,44 

66,6 

32,1 

4,21 

0,881 
1,75 

44,4 

29,0 


6,46 

0,876 

2,26 

62,1 

24,7 

8,96 
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1,71 
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28,1 


4,80 
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2,19 

62,4 

24,1 

8,46 
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1,34 

38,9 

32,9 


4,77 

0,891 

1,98 

46,8 

27,6 

8,86 

0,846 

1,27 

87,8 

38,6 


4,76 

0,390 

2,06 

48,6 

26,6 

3,30 

0,838 

1,81 

39,7 

31,7 


4,63 

0,888 

1,90 

46,7 

28,3 

2,64 

0,261 

0,78 

31,1 

40,2 


4,40 

0,887 

1,73 

42,6 

80,6 

2,27 

0,207 

0,63 

29,4 

41,6 


Biernach  war  der  groSe  Strom  trotz  grofierer  Gescbiebefiihruiig  und 
yiel  groberem  Eom  scheinbar  glatter  als  der  kanalartige  Arm  und  ware 
bei  zunehmender  Tiefe  und  Geschwindigkeit  zwar  die  grofie  Donau^  wie 

1)  Ebd.  Draugebiet,    7  (1899),  8.  101;    9  (1901),  S.  103;  10  (1902),  S.  106; 
Weichselgebiet,  8  (1900),  S.  172. 

2)  Beitr&ge  zur  Hydrographie  Osterreichs  {E.  Lauda)  3.  Die  hydrometrischen 
Erhebnngen  an  der  Donan  nUchst  Wien  im  Jabre  1897,  Wien  1899,  S.  60,  61. 

8)  Das  ist  ein  alter,  beute  sehr  regelm&fiig  ausgebildeter  Donauarm. 

6* 
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IV.  Gleichfbrmige  StrOmnng  in  offenen  L&ufen 


-zn  erwarten,  rauher,  der  Donaukanal  hingegen  bedeatend  glatter  ge- 
worden.  —  Die  Losung  der  aufgezahlten  Widersprflche  diirfbe  daran 
liegen,  da£  die  Geschwindigkeit  U  bei  ghicher  Rauheit  in  Schotter- 
betten  nicht  proportional  JR^^*^  sondem  —  wie  das  aucli  Siedek  and 
Hermanek  behaapten  —  wie  eine  etwas  hohere  Potenz  von  R  wachst 
und  diesem  Wachstum  der  Umstand  entgegenwirkt,  daB  die  Strombetten 
nnd  zwar  in  sehr  verscliiedenem  MaBe  bei  zunehmendem  Wasserstande 
rauher  werden. 

Gleichwie  an  derselben  Flofistelle  die  Anderung  der  Ranhigkeit 
nicbt  nach  einem  leicht  erkennbaren  Oesetze  stattfindet,  wechselt  die 
Ziffer  langs  einem  Wasserlaufe  ziemlich  regellos,  wie  z.  B.  die  nachfol- 
gend  fOr  die  Elbe  zusammengestellten  Werte  zeigen,  die  sich  anfNiedrig- 
wasser  beziehen  ^).  Freilich  mag  die  UnregelmaSigkeit  zam  Teil  aaf  eine 
falsche  Einschatzung  des  Gefalles  zuruckzufuhren  sein^  wie  denn  auch 
die  auf  Grand  der  durchsclinittliclien  mittleren  Geschwindigkeiten  and 
dem  Durchschnittsgefalle  ganzer  FlaBstrecken  bei  der  Elbe  ermitteltenn 
befriedigender  als  die  an  einzelnen  MeBstellen  erhobenen  n  verlaufen. 


Preafiische  £lbe                                                    | 

1000/  J 

linkes        recnl^ 
Ufer 

1 

U 

10  sec"* 

Fih 
m 

C 
m  8ec~* 

n 

Mefiort 

1 

Strecke 

Miihlbeig,  gekriimmte  Strecke,  Bett  regelm&fiig,  Sohle  fest 

0,100 
0,170 
0,163 
'      0,153 
0,187 

0,084 
0,080 
0,089 
0,129 
0,091 

0,585 
0,757 
0,805 
0,910 
1,041 

2,02 
2,23 
2,42 
2,62 

2,98 

43,0 
45,3 
47,0 
47,4 
51,3 

0,0275 
0,0263 
0,0257 
0,0257 
0,0240 

0,0332 

Barby,  gekrOmmte  Strecke,  Sohle  bei  der  ersten  Messung  sehr  beweglich    i| 

0,250 

1      0,220 

0,134 

0,240 
0,180 
0,220 

0,887 
0,962 
0,976 

2,13 
2,53 

2,78 

38,9 
42,8 
44,0 

0,0302 
0,0288 
0,0280 

lobererTeil  0,0304 
jnnterer  Teil  0,0321 

Lenzen,  wenig  gekrummte  Strecke,  bewegliche  Sohle,  links  natiirliches  Ufer, 

rechts  kurzes  Deckwerk                                                 i 

0,120 
0,125 

0,185           0,826 
0,180           0,848 

3,12          41,3          0,0311 

3,17          42,1          0,0308                                           1 

!                            Artlenburg,  gerade  Strecke,  Sohle  beweglich                            | 

0,095 

'     0,085 

0,095 

0,090 

.      0,095 

1 

0,095 
0,095 
0,095 
0,096 
0,090 

0,569 
0,568 
0,607 
0,640 
0,672 

2,19 
2,23 
2,38 
2,48 
2,64 

39.5  0,0308    1 

40.0  0,0306    ' 

40.6  \     0,0306    !  .   0,0302                      ' 

42.1  0,0296    ;                                       ' 
43,1          0,0293    ,'                                     i 

1)  Die  Bestimmnng  von  Normalprofilen  fur  die  Elbe  v.  d.  kgl.  Elbstrom- 
Bauverwaltung  zu  Magdeburg,  Magdeburg  1885,  S.  113. 


31.  Die  Baohigkeit  natSrlicher  LB.nf« 
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Da  die  Flusse  unter  anscheinend  gleichen  Bedingnngen  sehr  ver- 
schiedene  Baohigkeit  anfvreisen^  sind  die  Fehler^  denen  man  sich  bei 
Anwendung  irgendeiner  der  yielen  Formeln  bei  ibnen  aussetzt,  recht 
bedeutend.  So  fQlirt  Siedek^)  and  zwar  znr  Unterstuteung  seiner  Formel 
an,  dafi  sie  nachstehende  Genanigkeit  erreicht: 

Wasserspiegelbreite           10—100  100—1000  tlb.lOOO  insgesamt 

Zahl  der  Beispiele                266  175            97            538 

Bis  auf   5  cm  stimmend     20,37o  29,1 7o        44,37o  27,5% 

38    „  59,4,,         82,4,,  53    „ 

66,6,,  88,5  „         96,9,,  79,1  „ 

Dabei  waren  Ton  den  in  m  sec~  ^  gemessenen  Geschwindigkeiten 

nnter  0,2    0,2  bis  inkl.  0,5    0,5  bis  1     1  bis  2    2  bis  3     3,45 
6  70  315  106  39  1 

Die  aufgezahlten  Widersprilche  yermindem  zwar  die  Sicherheit,  mit  der 
aus  anderwarts  erhobenen  Ranhigkeiten  gegebenen  Falles  ein  SchlnB 
auf  die  Geschwindigkeit  gezogen  werden  kann,  machen  aber  anderseits 
die  Eenntnis  vieler  Messungsergebnisse  wiinschenswert,  damit  man  ilber 
die  Grenzwerte,  innerhalb  welcher  die  Bauhigkeit  schwanken  kann,  nicht 
im  Unklaren  bleibe.  Es  sollen  daher  einscblagige  Daten  folgen: 


» 


» 


10 
20 


J7 


V 


Q 


u 


n 


Jahrbucher  des 

k.  k.  hydrographiflchen 

Zentralbnreaas 


Salzach  bei  Salzburg  .   . 
Obemdorf    .  | 


II 


Mnr  bei  Giaz 


EtBch  bei  Sigmmidskroii . 
„    Trient  .   .   .   .  j 


n 


Thaya  an  der  MOndnng. 


131,4 

1,69 

0,086 

119,7 

1,16 

0,031 

397,8 

1,80 

0,030 

84,4 

0,91 

0,042 

164,1 

2,01 

0,038 

178,4 

1,99 

0,083 

242,1 

1,82 

0,027 

254,9 

1,99 

0,030 

46 

1,14 

0,022 

282,6 

1,65 

0,032 

621,3 

2,29 

0,030 

18,8 

0,83 

0,021 

27,1 

0,87 

0,018 

66,8 

0,91 

0,019 

76,7 

0,86 

0,016 

7  (1899)  I,  S.  299 


7  (1899)  m,  S.  89 
6  (1898)  in,  S.  87 


9  (1901)  Vn,  S.  113 


5  (1897)  n,  S.  167 


(Fortsetzang  der  Tabelle  anf  nachster  Seite.) 


1)  Z.  d.  dBt.  I.  a.  A.y.  63  (1901),  S.  460.    Die  Liste  gibt  eigentlich  die  Bei- 
spielzahlen  6  +  266  +  171  +  96  =»  687. 
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IV.  Grleichf^rmige  StrSmung  in  offenen  Lftufen 


(Forteetzung  der  Tabelle  Yon  Toriger  Seiie.) 


Q 


u 


n 


JahrbClcher  des 

k.  k.  hydrographischen 

ZentralbureauB 


March  bei  Angem    •   •   .  I 


Moldau  bei  Salnau  . 


Wialok  bei  Tryncza.   .   .  I 


Dimajec  bei  Neu-Sandec 


I 


»i 


M 


Qolkowice   . 


Bysizzyca  sototwi^ska  bei  f 
Pasieczna \ 


40,6 
216,6 

8,29 
5,86 
8,04 

11 

18,4 

28,1 
26,1 
102,6 
9,91 
18,86 
19,89 

2,64 

88,68 


0,44 
0,73 


0,26 
0,36 
0,48 

0,37 
0,64 

0,94 

1,02 

1,82 

0,34 

0,486 

0,49 

0,18 
1,06 


0,28 
0,26 

0,029 
0,026 
0,027 

0,021 
0,024 

0,022 
0,026 
0,026 
0,086 
0,026 
0,048 

0,044 
0,061 


I    5  (1897)  II,  S.  164 


9  (1901)  X,  S.  286 


I    6  (1898)  XII,  S.  164 


7  (1899)  Xn,  S.  166 


10  (1902)  xn,  S.  196 
I    12  (1904)  Xm,  S.  93 


32.  Messungsergebnisse  kimstlioher  Gerinne.  Weit  gesetzmaBiger 
als  natiirliche  Gewasser  verhalten  sich  Gerinne  mit  unveranderlichen 
Wandungen.  So  zeigte  der  Tunnel^  der  aus  der  Sitter  zam  Elektrizitats- 
werke  Eubel  fiihrt^)  und  dessen  Wande  darchweg  mit  geglattetem 
Beton  yerkleidet  sind,  bei  seichter  und  tiefer  FQllaug  fast  dasselbe  n, 
namlich  nachstehende  Zahlen: 


DurchfluB  Q m'sec"^ 

WasseiBpiegelbreite  6  .         m 

GrOfite  Tiefe m 

Profilradius  R    .    .    .    ,        m 

Flache  F m* 

Gefalle  in  %o="  1000  J 

Mittl.  Geschwindigk.  U     msec'^ 

GrOfite  „  Ummx  msec-^ 

UlUn^ 

Ch^zys  Zahl  c    .    .    .    .  m*'*Bec~* 
Rauhigkeit  n 


,    4,135 

8,480 

1,51 

1,80 

1,628 

1,308 

0,686 

0,573 

2,761 

2,401 

0,566 

0,565 

1,60 

1,45 

1,72 

1,67 

0,87 

0,87 

88,1 

81,3 

0,0118 

0,0116 

2,467 
1,97 
1,006 
0,618 
1,825 
0,666 
1,36 
1,64 
0,875 
79,8 
0,0116 


1,604 
1,98 
0,753 
0,436 
1,838 
0,666 
1,20 
1,88 
0,87 
77,8 
0,0116 


T 


0,647 
1,89 
0,886 
0,270 
0,622 
0,666 
0,88 
1,04 
0,86 
71,8 
0,0116 


Da  hiernach  GanguiUet  und  Kutters  Formel  auf  Miihigerinne  gut  an- 
wendbar  erscheint^  sollen  noch  einige  MeBergebnisse')  folgen: 


1)  Entwicklung  der  Hydrometrie  in  der  Schweiz,  bearb.  vom  eidgen.  hydro- 
metrischen  Bureau  {J.  Epper),  Bern  1907,  Tafel  86  a,  b. 

2)  Ebenda  Taf.  68,  69,  81—84.  —  Jahrbach  des  k.  k.  hydrograph.  Zentral- 
bureaus  m,  8  (1900),  S.  86. 


82.  Messungsergebnisse  ktinstlicher  Gerinne 
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iij 

£ 

&5 

£3  « 

•5J 

u- 

.■§12 

IS  8 

Werkfi 

desElek 

werkes 

Znle 

des  Kra 

Rbeis 

Recbts 
Mdblgi 

S  SdS 

;S3n 

1  DurcbfloB  Q  .   m'sec^ 

88,14 

455,54 

8,84 

9,81 

2,701 

Wasserspiegel- 

breite  6  .   .        m 

16,89 

56,78 

7,25 

11,60 

8,68     1 

GrOftte  Tiefe  .        m 

2,79 

4,67 

1,42 

0,90 

0,75     1 

Profilradios  B        m 

2,02 

8,77 

1,01 

0.75 

0,58     i 

Flache  F    .   .        m« 

37,62 

228,58 

8,84 

9,81 

2,66 

MittLGescbwin- 

digkeit  U   .     msec^ 

1,01 

1,99 

0,90 

1,11 

1,015    1 

GrOfite  Geschwin- 

digkeit  Lw    m  Bec~^ 

1,84 

2,54 

— 

1,14     i 

0,75 

0,78 

— 

— 

0,89     , 

GeaUe  in  V^=  1000  J 
Wand  links,  jBeschaffen- 

0,12 

0,234 

0,84 

1,21 

1,775 

Beton- 

Bruobstein- 

Brucbstein- 

Beton- 

heit 

mauer 

mauer 

trockenmanem 

mauer 

Wand  links,  Neignng   . 

1,8 

0,1 

fast  lotrecht 

0,1 

Wand  recbts,  Bescbaf-  ,!  Beton- 

Stein- 

Bmcbstein- 

Beton- 

fenheit 

maner 

pflaster 

trockenmanem 

mauer 

1  Wand  recbts,  Neigung. 

1,2 

1,8 

fast  lotiecbt 

0 

Soble 

Eies 

Scbotter 

Scbotter 

Bretter 

Ch&ys  Zablc  m^'^sec"* 

65,23 

67,1 

48,2 

38,9 

33,1 

Ranbigkeit  n 

0,0173 

0,0179 

0,021 

0,024 

0,0264 

Nach  P.  Pasini  und  U.  Oioppi^)  ergab  der  Cayour-Eanal  folgende 
Zahlen: 


m 


m 


Tiefe 

Profilradius   .    . 
Flftcbe    ....       m" 
Mitil.  Gescbwind.  m  sec' 

Wande 

W&nde,  Neigung .... 
Soble  (20  m  breit)  .  .  . 
Ranbigkeit  n 

Tiefe m 

Profilradius    .    .       m' 
n&cbe    ....       m 
Mittl.  Gescbwind.  m  sec~' 


1,84  2,12  2,79 

1,56  1,76  2,20 

37  I  46,6  56,2 

1,07     :     1,15  1,34 

Ziegelmanerwerk 

1:20 
Beton,  wagrecbt 


0,013 

1,93 
1,58 
42,1 
0,95 


0,013 

2,11 
1,78 
49,0 
1,0 


0,013 

2,78 
2,28 
66,7 
1,13 


1,84  2,12  2,79 

1,56  1,76  2,20 

87  42,6  56,2 

1,07  1,15  1,84 

Ziegelmanerwerk 

1  :20 

Grobkies  u.  Steine,  wagr. 


0,024 

1,71 
1,45 
40,6 
0,93 


0,025 

1,92 
1,61 
46,1 
0,99 
gung  1 


BGscbungen  in  Grobkies  und  Steinen,  etwas  angegriffen,  Nei 
Soble  in  Grobkies  und  Steinen,  ungef&br  20  m  breit,  wagrecbt 
Ranbigkeit  n I|     0,025  |     0,025  ;     0,026  |;    0,025  |     0,025 


0,025 

2,06 
1,71 
50,1 
1,04 


0,025 


Yon  Kutters  Messungen'),  die  nur  mit  Schwimmern  yorgenommen 
wurden^  werde  die  eine  im  rechtwinkligen  MUhlgeriiiiie  zu  Oberwangen 

1)  Giomale  del  genio  civile  31  (1893),  p.  61. 

2)  Allgem.  Bauzeitung  35  (1870),  S.  228  =»  S.A.  1871,  S.  66;  TT.  R.  Kutter 
Bewegnng  des  Wassers,  2.  Aufl.,  Berlin  1897,  S.  31. 
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heransgegriffGn,  bei  der  er  auch  das  Wasser  auffing  und  eichte.  Die 
Flachen  bestanden  aus  rauhen  Brettern  und  es  zeigte  sich 

Breite       B  J  V  c  n 

0,9      0,036      0,017       1,21      48,9     0,0110. 

Die  Messungen  Bcufins  fafit  KtUter  in  den  unten  auf  S.  90  n.  91 

wiedergegebenen  Tabellen  zusammen. 

Ln  Gerinne  der  Tansa-Wasserleitung  von  Bombay  zeigte  sich  nach  W.  C. 
Gierke^)  bei  dem  geriDgen  Gef&lle  /=»  1 :  10600,  wagrechter,  2,13  m  breiter,  mit 
Fortlandzement  yerputzter  Sohle,  senkrechten,  mit  Portlandzement  verfngten 
WaDgen  ana  BruchsteinmaQerwerk  n  =>  0,012  bis  0,018. 

33.  Zusammenliang  von  Durohflufi  und  Wasserstand.  In  einem 
Flufibett  kann  man  sich  die  wellige  Sohlenlinie  eines  Bettquerschnittes 
durcb  eine  wagrechte  Linie  ausgeglichen  denken,  deren  Tiefenli^e  T 

^ _  nnter  dem  Wasserspiegel  gleich  der 

1 -;«^     mittleren  Tiefe  des  Querschnittes  ist. 

^^ —    ^/      f     Ist  dann  das  Bett  sehr  breit  und  sind 

^  die  Ufer  sehr  steil,  so  dafi  die  FlnB- 

breite  b  als  unyeranderlich  gelten  kanii,  so  andert  die  Ausgleicbslinie 
ihre  HShenlage  nicht  mit  dem  Wasserstande.  Da  zudem  das  jeweilige  T 
mit  dem  Profilradius  nahezu  ubereinstimmt,  so  gilt  fUr  den  DurchfiuB 
durch  eine  solche  Flufistelle  nach  de  Gi^jsys  Formel  (35) 

(54)        Q  -  Quersehnitt  •  Geschwindigkeit  «  bT  •  cl/TJ"  =  a,  T'S 

worin  a^  fQr  die  betreffende  Flufistelle  konstant.  Benutzt  man  statt  der 
mittleren  Tiefe  T  die  an  einem  Pegel  abzulesende  Hohe  h  des  Wasser- 
spiegels  Uber  dem  NuUpunkt  dieses  Pegels,  so  nimmt  der  Zusammen- 
hang  zwischen  Durchflufi  und  Wasserstand  die  Form 

(54a)  Q -- a^{h  +  a^y^^ 

an.  An  diese  Form  hat  sich  z.  B.  J.  Nazeani^)  bei  Untersuchung  des 
Tiber  strenge  gehalten  und  fQr  Niederwasser  mit  A  in  m  ausgedrQckt 

^- 45,43(^-3,66)  v., 

far  5,92  <h<  9,38  (mit  einem  wahrscheinlichen  Relativfehler  0,022) 

g  =  51,196(^-3,66)"/., 

far  10,60  <  A  <  12,53  (mit  einem  wahrscheinlichen  Relativfehler  0,020) 

^-56,133(A-3,66)V. 

1)  Min.  Proc.  Inst.  Civ.  Eng.  116  (1898),  S.  18,  82. 

2)  Giomale   del   genio   civile   (4)   2   (1882),    S.  821,   (4)  3  (1883),   S.  224. 
XJ.  Masani,  Idiaidica,  2.  ed.,  1900,  S.  586. 


33.  Zusammenhaiig  von  Dnrchflufi  und  Wasserstand  89" 

gefunden.  J.  Baussinesq^)  macht  aufmerksam^  daB  die  61.  (54  a),  welche 
eine  unyeranderliche  Breite  voraussetzt,  auch  bei  ausufemden  Fliissen 
zutrifft,  wenn  die  Stromung  im  tTberschwemmungsgebiete  gegeniiber 
der  im  eigentlichen  Bett  yemachlassigt  werden  kann.  Da  mit  zu- 
nehmender  Tiefe  die  Querschnitte  tatsachlich  starker  als  T  wachsen,  sie^ 
bei  parabolischem  Umrifi  etwa  mit  T*^*  proportional  sind  und  die  Ge- 
schwindigkeit  U  nach  Hennaneks  Gl.  (49)  etwa  wie  T®>^  zuzunehmen 
scheint,  ist  zu  vermuten,  daB  der  Exponent  yon  (h  +  a,)  meist  grober 
als  1,5  ist  und  bis  zu  2  oder  sogar  2,1  gewahlt  werden  soUte.  Dem- 
entsprechend  fand  A.  R.  Hdrlacher^)  f&r  die^Elbe  in  Tetschen  mit  A  in  m 

(2  =  78,09(A+.l,45)i»»w 

und  bei  hoherem  Wasser 

g-124,36(A  +  l,45)i'5»^ 

Ahnlich  fand  man  bei  der  Elbe^) 

bei  Miililberg  Q^    71,13  (*  + 0,40)*-*", 

beiTorgau  Q^    61,21  (A  +  0,62)  »»<>", 

bei  Bartelswerder    Q  -  115,84  (A  +  0,59)i."», 

bei  Barby  Q  -    84,17  (h  +  l,13y^*'     usw. 

Die  Formeln  yom  Bau 

(54  b)  Q-a,(h  +  a^y 

sind  fBr  die  Ausrechnung  yon  Q  nicht  besonders  bequem.  Sie  baben 
daber  im  allgemeinen  dem  Typ 

(55)  Q=-a^  +  a^h  +  a^h\ 

worin  Oj,  a^  imd  a^  Eonstante  und  h  wieder  der  Pegelstand,  Platz  ge- 
macht.  So  setzte  E,  AUard*)  ftlr  die  Seine  in  Paris  (h  wieder  in  m) 

g«48  +  209A»+5,8A», 

und  ist  seitdem  eine  Art  Statistik  der  fran^osischen  Fliisse  yon  Bresse 
zusammengestellt  worden^),  welche  wesentlich  auf  dem  Yorbild  yon 
(55)  fuBi  So  gelte  f&r  die  Seine  in  Mantes  (mit  h  ^  Pegelstand  ia 
Mantes) 

C  -    71  +  110  ft  +  2h^    (nach  dc  Lagrene), 

-  170  +  150  (A  -  0,80)  +  22  (A  -  0,80y  (nach  de  Preaudeau),. 

1)  Eauz  coTuantes,  S.  81. 

5)  Hydrographische  Commission  des  £5n.  B5hmen,  Hydrom.  Section  Nr.  7 
»>  A,  B,  Harlaeher,  Die  hydrometriscken  Arbeiten  in  der  Elbe  bei  Tetschen,  Prag 
1888,  S.  26. 

8)  Die  Bestimmong  von  Normal-Profilen  ftLr  die  Elbe,  Magdeburg  1885,  S.  88.. 
4)  Ann.  d.  ponts  et  chauss.  (6)  8  (1884*),  S.  626. 

6)  Ebenda  (7)  7  (1897«),  S.  6. 
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fiir  die  Seine  in  Paris  mit  h  «  Pegelstand  an  der  BrUcke  de  la  Tour- 
nelle,  wenn  A  >  2  m  ist,  nach  de  Preaudeau, 

e  -  110  +  IHOh  +  9A»    Tind  auch     ^  =  70  y(}i  +  l,8)\ 

fUr  die  Mame  in  Vitry 

^-4  +  20*  +  50A^ 

fOr  die  Loire  an  dem  Pegel  von  Blois^  bzw.  Mareau^  Gien  und  Nevers^ 

e  =  39  +  110  (A  +  0,25)  +  135  (h  +  0,25)^ 
32+    90(A  +  1,10)+    70(;^  +  l,10)^ 
23  +  100  (A  +  0,56)  +    70(A  +  0,56)«,     ' 
11  +    70  (A  +  0,25)  +  110  {h  +  0,25)«, 

wobei  die  Elammeransdriicke  die  Hohen  uber  dem  Niederwasser  yon 
1865  angeben. 

Zahbreicbe  Abfiufiangaben  enthalten  die  Jahrbiicher  dee  k.  k.  hydro- 
graphischen  Zentralbureaus  (siebe  Tabellen  aaf  S.  94  u.  95). 

DaB  nach  den  osterreichischen  Messungen  die  EoefiBzienten  von 
h  und  h*  im  Laufe  der  Zeit  Veranderungen  unterworfen  sind,  kann  nicht 
Wunder  nehmen,  da  sich  ja  die  Flufibette  selbst  andern.  Ubrigens  haben 
sich  die  Eoeffizienten  von  h^  durchweg  klein  im  Yergleich  zu  jenen  von 
h  gezeigt. 

Da  der  Durchfiufi  Q  das  Produkt  aus  dem  Querschnitt  F  und  der 
Geschwindigkeit  U  bildet  und  sich  der  Zusammenbang  Ton  F  und  h 
leicht  feststellen  lafit,  erscheint  es  gegebenenfalls  richtig  nachzusehen^ 
ob  nicht  der  von  U  und  h  ein  einfacher  ist.  Da  ist  es  beachtenswert, 
daB  nach  Messungen  von  J.  Crreve^)  an  der  Weser  und  einigen  ihrer  . 
Nebenfltisse  U  sich  innerhalb  des  trapezformigen  Querschnittes  Ian- 
gerer  gleichmaBiger  Strecken  ^  a^+b^h  zeigte,  wobei  a^  und  b^  Kon- 
stante  sind. 

34.  Genauigkeit  der  Dturohflufimessungen.  Da  alle  Durchfiufi- 
angaben  sich  auf  Messungen  stdtzen,  ist  zu  ihrer  Wfirdigung  ein  Ein- 
blick  in  die  Genauigkeit  der  Messungen  notig.  Leider  befindet  man  sich 
flber  diese  in  einiger  UngewiBheit.  Wahrend  man  imstande  ist,  die  ver- 
gleichsweise  geringen  Durchflufimengen  aus  Rohren  zwecks  Eichung  in 
einem  Behalter  aufzufangen,  ist  der  ahnliche  Vorgang  bei  FlOssen  fast 
ausgeschlossen.  Man  kann  daher  nur  die  MeBmethoden  untereinander 
yergleichen  und  nachsehen,  inwieweit  eine  Messung  bei  ihrer  Wieder- 
holung  wieder  auf  das  frfihere  Ergebnis  f&hrt.    Da  hat  sich  denn  bei 

1)  Yerhandl.  d.  interaat.  Schiffahrts-Eongresses ,  Dfisseldorf  1902,  1.  Abt^ 
16.  Mitteilnng,  S.  SO. 


84.  Grenanigkeit  der  Durchflafimengen  93 

FlClBsen  die  Messung  mit  dem  Woltmannflftgel^  den  man  in  verschiedenen 
Lotrechten  eines  Qaerschnittes  langs  einer  lotrechten  Stange  von  Mefi- 
punkt  zu  Me£pankt  gleiten  lafit^  als  die  beste  herausgestellt.  Solche  sorg- 
faltig  dnrchgef&hrte  Mengenbestimmungen^)  weicben,  wenn  die  Einzel- 
^flchwindigkeiten  zwiscben  0^5  und  3  msec"^  liegen,  vom  Mittel  der 
Bestimmungen  um  nicbt  mebr  als  3  y.  H.  ab^  und  es  ist  sogar  an- 
zunebmen^  daS  die  Abweichnngen  von  der  Wabrbeit  nicbt  viel  groBer 
sind,  wenn  die  Querscbnittsaufnabme,  welcbe  bau&g  grofie  Scbwierig 
keit  bietet,  zntarifft.  An  der  CorneU-UniYersitat  bat  man  die  Ergebnisse 
des  gescbilderten  Yerfabrens  mit  den  fUr  ge9au  geltenden  Angaben 
eines  Mefiwebres  in  einem  mit  senkrecbten  Wanden  versebenen  Beton- 
flnder  von  126  m  Lange^  4^88  m  Breite  und  0,002  Qefalle  bei  mitileren 
Querscbnittsgescbwindigkeiten  U  bis  zu  3  msec~^  yerglicben  und  bei 
Tiefen  von  etwa  0,25  bis  gegen  3  m,  wenn  Cr>  0,45  msec""^  war,  die 
Abweicbungen  <  2  v.  H.  gefanden.  Bei  geringeren  Qescbwindigkeiten 
nabm  die  Abweicbung,  welcbe  z.B.  bei  27=0,25  msec^  scbon  6  v.  EL 
betrug,  rascb  zu. 

T;  Die  Oesohwindigkeitsverteilnng. 

35.  Die  Anderong  der  Gesohwindigkeit  mit  der  Tiefe  ohne 
Hucksiohtiiahme  auf  die  Seitenw&nde.  Die  praktiscb  wicbtigste  Frage, 
die  nacb  dem  Durcbflusse,  macbte,  weil  es  vor  der  Erfindung*)  und  Ver- 
besserung  der  P^to^scben  Hobre  und  des  TFoZ^/nann  scben  Fl^gels^)  keine 
^te  Vorricbtung  zum  Messen  in  der  Tiefe  gab,  scbon  frflbe  den  Wunsch 
rege,  aus  der  mittels  Scbwimmer  bestimmbaren  Oberflacbengescbwindig- 
keit  die  mittlere  Querscbnittsgescbwindigkeit  berecbnen  zu  konnen. 
Hierzu  trat  das  wissenscbaftlicbe  Interesse  iiberbaupt  und  das  Bestreben, 
Einblick  in  die  bei  der  Wasserbewegung  beri'scbenden  Erafte  zu  or- 
langen.  Man  befaBte  sicb  also  mit  der  Anderung  der  Oescbwindigkeit 
mit  der  Tiefe  lange,  ebe  man  nocb  an  die  Erforscbung  der  Gescbwindig- 
keitsverteilung  bei  Robren  dacbte. 

Zunacbst^)  berrscbte  bei  den  alteren  italieniscben  Hydraulikern, 


1)  Washington,  United  States  Geological  Surrey,  Water -Supply  and  Irri- 
gation Paper  96  (1901) :  E.  C.  Murphy,  Accuracy  of  Stream  Measurements  p.  98. 
Auszug:  Zentralblatt  d.  Bauyerwaltong  26  (1906),  S.  82. 

2)  Pitot  legte  1782  seine  Erfindung  der  Fariser  Akademie  vor. 

3)  E.  Wolimann,  Theorie  und  Gebrauch  des  hydrometrischen  Flugela,  Ham- 
burg 1790,  2.  Aufl.  1832.  Bezflglich  der  Verbesserungen  siehe  etwa  B.  Jasmund^ 
Handb.  d.  Ingenieurwissenschaften,  3.  Wasserbau,  l.Bd.,  4.  Aufl.,  Leipzig  1911,  S.422. 

4)  Demostrazioni  geometriche  della  misura  deir  acque  correnti,  Rom  1628 
Q.  1629. 
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weil  sie  zwischen  der  Geschwindigkeit  beim  Ausflufi  aus  0£fnangen  und 
bei  der  Stromung  in  Fliissen  nicht  unterschieden,  die  Ansicht,  daB  die 
Oeschwiudigkeit  mit  der  Tiefe  zunehme.  So  glaubte  B.  CasteUi^),  der  aas 
Yersuchen  gescblossen  hatte,  dafi  die  Ausflufigeschwindigkeit  der  Tiefe 
proportional  sei,  dasselbe  von  der  Stromungsgeschwindigkeit.  Als  spater 
JE.  TorriceUi^)  die  Qnadratwurzel  aus  der  Tiefe  fiir  den  Ansflnfi  an  die 
Stelle  der  Tiefe  setzte^  lebrte  D.  Guglidmini,  dafi  die  Geschwindigkeit  nicht 
nur  an  jeder  Stelle  gegen  die  Sohle  hin,  sondem  auch  yon  der  QaeUe 
bis  zum  Meere  wie  die  Wurzel  aus  der  Fallhohe  wachse.  Dafi  letzteres 
nnrichtig  war,  zeigte  der  Augenschein  an  jedem  Flusse  und  G.  Grandi 
meinte  daher^  dafi  der  ToriceUische  Satz  nur  fOr  die  Zunahme  Ton  der 
Oberflache  zur  Sohle  gelte,  wonach  allerdings  an  der  Oberflache  das 
Wasser  still  stehen  miifite.  B,  Zendrini,  welcher  zuerst  versuchte,  aus  un- 
mittelbaren  Messungen  die  Form  der  Geschwindigkeitskurre  herzuleiten, 
fand  zwar  auch  infolge  der  Fehlerhaftigkeit  seiner  Yorrichtung  —  des 
Stromquadranten  — ,  dafi  die  Geschwindigkeit  mit  der  Tiefe  zunehme, 
doch  waren  die  Abweichungen  Tom  TorriceUisckeiL  Gesetz  so  grofi,  dafi 
er  Modifikationen  in  dasselbe  einfQhrte. 

Erst  MarioUe^)  wies  im  Anfange  des  18.  Jahrhunderts  nach,  dafi 
das  Wasser  nach  unten  nicht  schneller,  sondem  langsamer  fliefie.  Er 
verband  einen  Oberfiachen-  mit  einem  Tiefenschwimmer,  und  der  obere 
Schwimmer  eilte  dem  unteren  nur  dort  nicht  voran,  wo  das  Bett  — 
wie  z.  B.  unter  engen  Brdcken  —  plotzliche  Yerengerungen  aufwies. 
Ahnlich  fand  Pitot,  dafi  sich  das  Wasser  nahe  unter  der  Oberflache  am 
schnellsten  und  gegen  die  Sohle  zu  stetig  langsamer  bewege,  und  zwar 
auch  unter  Brtlcken.  Du  BtuU*")  folgerte  aus  38  Beobachtungen  an 
Kanalchen  yon  2  bis  10  Pariser  ZoU  (54  bis  271  mm)  Tiefe,  dafi  die 
Geschwindigkeit  yon  u^  an  der  Sohle  bis  zu  Uq  an  der  Oberflache  gleich- 
mafiig  wachsC;  und  dafi  die  mittlere  Geschwindigkeit  in  Zollen  ausgedrflckt 
w  =  ^  (u,  +  Uq)  ^  Uq  —  Yuq  +  0,5  sei.  Fiir  metrisches  Mafi  gibt  dies 

(56)  ti  =  i  (u,  +  Uq)  -  Uo  -  0,164  y^Q  +  0,014. 

i2.  WoUmann  meinte,  dafi  die  Bewegung  bei  Stromen  in  einer  gewissen 
groBen  Tiefe  aufhore,  und  schlofi  aus  Beobachtungen  yon  Briinings^) 


1)  Opera  geometrica,  Florenz  1644. 

2)  Der  Verfasser  folgt  der  Darstellung  Hagens,  Handbuch  der  Wasserbau- 
kunst,  3.  Aufl.  Berlin  1871,  2.  T.,  1.  Bd.  S.  280. 

3)  Traits  du  mouvement  de  Tean.    Teil  2,  GeBpr2.ch  3,  Kegel  6. 

4)  DubucUs  Grundlehren  der  Hydraulik,  ubenetzt  von  Kosmann^  mit  Za- 
8&.tzen  von  Eyteliceifi.   Berlin  1801.   S.  126. 

5)  Briinings^  Abhandlang  db.  die  Geschwindigkeit  flieBendon  Wassers,  ubers 
T.  Kronke,  Frankfort  a.  M.  1798. 
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im  Niederrhein  mid  yon  Ximenes^)  im  Arno,  dafi  die  Geschwindigkeits- 
skala  eine  Parabel  mit  senkrechter  Achse  sei,  deren  Scheitel  dort  liege, 
wo  die  Geschwindigkeit  Null  ware,  wenn  das  Wasser  Qberhanpt  so  tief 
reiclien  wtirde.  Filr  die  von  ihm  betrachteten  Flufistrecken  wichen  dabei 
di6  innerhalb  des  Wassers  liegenden  Parabelstiicke  kaum  von  einer  Ge- 
raden  ab.  J.  A,  Eytdwein^)  begniigte  sich  der  Einfachheit  halber  mit 
einer  solcben  Geraden  nnd  empfahl  (in  MetermaB  ansgedriickt)  die 
Oeschwindigkeit 

(56  a)  ii«  (1-0,0127  A)  Mo 

zu  setzen. 

B,Prony^  tadelte  an  Duhuats  Formel  (56),  dafi  sie  ftir  sehr  schwache 
Stromung  augenscbeinlich  zu  falschen  Ergebnissen  f&hre,  nUmlich  zu 
€«,==  0  ffir  eine  Oberflacbengeschwindigkeit  1*0=  0,027  m/sec~^  und  zu 
ti,»  0,027  msec ~^  fQr  Uq»0;  er  leitete  aus  JDubuat^  Beobachtungen 

irorin  alles  in  Metermafi,  ab  und  erklarte  es  fiir  zulassig, 

(56  c)  i*  =  0,816 140 

zu  schatzen.  Bawmgarten^)  fand,  dafi  (56  b)  bei  Geschwindigkeiten  yon 
liber  1,5  m  zu  grofie  Werie  gebe,  und  so  empfahl  er  fUr  solche  Fall^ 

(56d)  «-0.85±|;?guo. 

Spater  bemilhte  sich  F.  E.  T.  Ftmk  ^)  nachzuweisen,  dafi  die  Ge- 
schwindigkeitsskala  eine  logarithmische  Linie  sei,  doch  fallt  dieselbe 
bei  alien  yon  ihm  mitgeteilten  Messungsreihen,  wie  G.  Hagen^)  be- 
merkt,  so  nahe  mit  der  Geraden  zusammen,  dafi  der  Unterschied  im 
allgemeinen  kaum  den  fiinfzigsten  Teil  der  Abweichungen  der  Beobach- 
tungen yon  der  logarithmischen  Linie  betragt.  A.  v,  Gerstner'^)  leitete 
aus  den  Angaben  yon  Ximenes  und  Brunings  ab,  dafi  die  Geschwindig- 
keiten den  Ordinaten  einer  Ellipse  entsprechen,  deren  Achsenyerhaltnis 
und  Hohenlage  aber  sehr  yerschieden  sei,  wahrend  Baucourt^),  der  an 
der  Newa  mafi,  sich  fur  einen  EUipsenbogen  in  der  Tiefe  und  eine  fast 

1)  Ximenes,  Nuore  speiienze  idranliche,  Siena  1780. 

2)  J.A,Eytelwein,  Handbuch  d.  Mechanik  n.  Hydraulik,  Berlin  1801.  S.  198. 
8)  Pronyj  Becherchea  physico-math^mat.  Paris  1804,  S.  73. 

4)  Ann.  d.  ponts  et  chaass.  (2)  14  (1847*),  S.  361. 

5)  Funk,  Darstellnng  der  richtigsten  Lehren  der  Hydraulik,  Berlin  1820.  S.  39. 

6)  Handbbuch,  3.  Aufl.,  2.  Teil,  1.  Bd.,  S.  288. 

7)  F.  J,  V.  Gerstner,  Handbuch  der  Mechanik,    2.  Band.    Prag  1832.    S.  321. 

8)  Ann.  d.  ponts  et  chauss.  (1)  4  (1832^,  S.  1. 
Vorohhelm«r:  Hydntulik  7 
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gerade^  yom  Winde  abhangige  Linie  hoher  oben  entschied.  Nach  J.  Weis- 
bach^)  sollte  die  Geschwindigkeit  von  der  Oberflache  bis  zur  Soble 
gleichmafiig  abnehmen  und  sich  die  Oberflachen-  zur  Sohlengeschwindig- 
keit  wie  1:0,83  verhalten.  W.Lahmeyer^)  driickte  die  Verteilung  der  6e- 
Bchwindigkeiten  u  in  jeder  Lotrechten  durch  die  Gleichung  der  Geraden 


u 

max 


1  -  (0,1383  +  0,0468  h)  - 


aus,  worin  0  die  wechselnden  Tiefen,  h  die  Gesamttiefe  bedeutet.  A.  A, 
Humphreys  und  J7.  Z.  Abbot  stiitzten  sich  auf  zahlreiche  von  ihnen  im 
Mississippi  mit  Doppelschwimmem  ausgefQhrte  Messungen,  die  aller- 
dings  ungenau  waren,  weil  der  Wasserdruck  auf  die  Yerbindungsschnur 
der  Schwimmer  die  Be^egung  des  unteren  Schwimmkdrpers  nicht  un- 
erheblich  beeinflufite.  Sie  folgerten  nicht  ohne  WiUkQr^,  dafi  die  End- 
punkte  der  yon  einer  Lotrechten  aufgetragenen  Geschwindigkeiten  eine 
Parabel  mit  wagrechter  Achse  bilden,  deren  Scheitel  bei  Windstille  in 
0,317  der  Tiefe  liege. 

Yon  yiel  grofierer  Bedeutung  als  die  bis  dahin  yorgenommenen^ 
waren  die  Untersnchnngen,  die  H.  Darcy  1855  begann  und  die  nach 
seinem  1858  erfolgtem  Tode  H.  Baein  —  der  schon  sein  Mitarbeiter 
gewesen  war  —  bis  1860  fortsetzte.  Es  wurde  die  Geschwindigkeits- 
yerteilung  tlber  Querschnitte  yerschiedener  Form  in  82  Fallen  mittels 
der  yon  Darcy  yerbesserten  Pito^  schen  Rohre  erhoben  und  in  44  dieser 
Falle  in  eine  Zeichnung  des  Querschnittes  eingetragen.  In  23  dieser 
Zeichnungen,  darnnter  13,  die  sich  auf  rechtwinklige  Querschnitte  be- 
zogen,  wurden  dann  die  Punkte  gleicher  Geschwindigkeit  durch  Euryen^ 
Isotachen,  yerbunden,  deren  Anblick  genfigt,  um  zu  erkennen,  daB  die 
Seitenwande  einen  bedeutenden  Einfiufi  auf  die  Gesch  windigkeitsyerteilung 
ausUben.  Die  Einwirkung  nimmt  mit  der  Entfemung  yon  den  Wanden 
ab,  und  Bagin  gelangte  zu  der  t^berzeugung,  dafi,  wenn  die  Breite  min- 
destens  f&nfmal  grofier  als  die  Tiefe  ist,  die  Geschwindigkeitsskala  in 
der  mittleren  Lotrechten  nahezu  mit  der  in  einem  unendlich  breiten 
Rechtecke  Qbereinstimme.  Aus  den  Messungen  in  acht  mittleren  Lot- 
rechten berechnete  Bazin*'),  dafi  die  Geschwindigkeit  ihrer  Punkte  dem 
Gesetze 


1)  J.  Weishach,  Lehrbuch  der  Ingenieur-  u.  Mascbinenmechanik  1,  Braun- 
schweig 1846.    S.  488. 

2)  Allgemeine  Bauzeitung  17  (1852),  S.  158. 

3)  Vgl.  G.  Hagen,  Z.  f.  Bauw.  18  (1868),  S.  67. 

4)  Recherches  bydrauliques,  S.  280. 
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folge.    Er  setzte  also  nicht   nur  fest,  dafi  in  breiten  Laufen  die  Ge- 

schwindigkeitsskalen  Parabeln  mit  wagrechter  Achse  seien^  sondem  gab 

aucli  die  Parameter  der  Parabeln  an.   Dabei  ist  her- 

vorzuheben^),   daB    die    untersucbten    Qnerschnitte 

hocbst  yerscbiedene  Raubigkeiten  besaBen,  namlicb 

glatt  verputzt  oder  mit  Brettem  yerkleidet  oder  mit 

LatteDy  die  Fngen  yon  1  oder  5  cm  Weite  freiliefien^ 

benagelt  waren,  aber  allerdings  aucb  zu  bemerken, 

dafi  die  Qnerschnitte  nnr  0^265  bis  0,380  m  tief  waren 

and  dafi  Bcurin  in  jeder  Lotrechten  nnr  in  drei  Punkten 

die  Oescbwindigkeit  mafi.  Da  nacb  (56 e)  die  u-Kurye 

eine  Parabel  mit  wagrechter  Achse  in  der  Oberflache  bildet,  ist  nach 

(56  e)  die  mittlere  Geschwindigkeit 


'-''^'^wvf& 


t56f) 


_         2  ,1 


20 
S 


u,-^VhJ. 


Basin  war  tlbrigens  der  Meinung,  dafi  wenn  die  Wirkung  der  Seiten- 
wande  tatsachlich  auf  Nnll  gebracht  werden  konnte,  der  Eoeffizient ') 
yon  0*  :  h^  sich  »  24  zeigen  wdrde,  welcher  Behanptnng  Boussinesq ') 
insofem  widerspricht,  als  er  fiir  unendliche  Breite  den  Eoef&zienten  zu 
22^7  berechnet. 

G.Hagen^)  widerspricht  der  Annahme  yon  Parabeln  mit  wagrechter 
Achse  und  si^e,  dafi  die  Geschwindigkeiten  den 
Abszissen  yon  Parabeln  mit  lotrechter  Achse  ent- 
sprechen,  dafi  namlicb 


h—z 


sei.  Wahrend  nach  Bairin  die  Geschwindigkeit  an 

der  Oberflache  ihr  mathematisches  Maximnm  hat,    i.^. 

hier  also  wenig  wechselt,  mtifite  sie  nach  Hagen 

yon  der  Oberflache  abwarts  sofort  merklich  abnehmen,  was  der  Erfahrung 

widerspricht   In  einer  spateren  VeroflFentlichung  gibt  Hagen^)  noch 

(56  g)  M  -  Wo (1  -  0,0582  yh) 


an. 


1)  Ebenda  S.  228. 

2)  Ebenda  S.  233. 

3)  Eaux  courantes,  S.  87,  Th^orie,  S.  86. 

4)  G.  Hagen,  XJher  die  Bewegung  des  Wassers  in  Str5men,  Berlin  1869. 

6)  O,  Hagen,   UnterBuchungen   fiber   die   gleichfonnige   Bewegung,    Berlin 

1876,  S.  101. 
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Harder^)  ahmt  dadorch  die  haufig  in  der  Mitte  von  Wasserlaufen 
beobachtbare  Form  der  Geschwindigkeitskurye  nach,  daS  er  zwei  Eilipsen 
yerwendet^  die  im  Punkte  der  Maximalgeschwindigkeit  eine  gemeinschaft- 
liche  senkrechte  BerQhrangslinie  besitzen. 

G.  Lavale^)  glaubte,  daB  die  Geschwindigkeit  an  der  Sohle  Noll 
sei  und  nach  oben  derart  wachse,  dafi  man  in  der  Hohe  h  —  0  Hber  der 
Sohle  

(56  h)  u^u^lj^^' 

habe,  wobei  (in  Metermafi)  die  komplizierte  Beziehnng 

n-l+4,8Y/T 

V      Wo 

zutreffe^  doch  nehme  bei  h  <  2^5  timax  die  Geschwindigkeit  yon  der  Ober- 
flache  nach  nnten  starker  ab  und  gelte  dann  der  noch  langere  Ausdmck 


«  =  0,818l/X(i+4,8fA.). 


(7.  Hefile^)  war  der  Anschauung,  daB  Sohle  and  Oberflache  in  ahn- 
licher  Weise  die  Geschwindigkeit  beeinflussei^.  In  mechanischem  Sinne 
ist  die  Auffassung  unbegrQndet,  aber  sie  fiihrt  auf  eine  Euryenform,  die 

^ f.  _.     far   den    mittleren  Teil   der  Wasserlaufe    zutriSt 

i""\      *       TV   Hefile  setzte  namlich  die  Geschwindigkeit  u   aus 

J  einem  unyeranderlichen  Teil  und  zwei  Parabelab- 

/    schnitten  zusammen^  und  indem  er  dann  die  u  yon 
/     einer  Senkrechten  aus  auftrug,  erhielt  er  eine  Kurye, 
/      die  sowohl  Spiegel  wie  Sohle  zu  Tangenten  hatte, 
t    I  I  ^        und  der  Gleichung 

^-■«.--^  (56  i)         ti  -  Y'lai  +  y2b(h--e)  +  c, 

worin  a,  b  und  c  Eonstante  bedeuten,  entsprach.  Seinen  GroBtwert  hat 
u  nach  (56  i)  in  der  Tiefe 

sein  Mittelwert  ist 

(56 1)  u^lYh  {y2a  +  y2h)  +  c, 

Hefile  bemerkt^  daB  sich  im  allgemeinen  die  mittlere  Geschwindig- 
keit bei  den  Fldssen  zwischen  js  =  0,56  h  und  a  =  0,60  h  zeige.  Da  nun 
far  diese  Stelle  nach  den  Gleichungen  (56  i)  und  (561) 

1)  Harder,  Die  Theorie  der  Bewegung  des  Wassera  in  Flussen  a.  Ean&len, 
Hamburg  1878,  S.  29,  114. 

2)  /.  Eapp,  Unsere  naturlichen  Wasserl&ufe,  Weilheim  1883,  S.  16. 

3)  Z.  f.  Gew&saerkunde  2  (1899),  S.  26. 
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Oder 
oder 


vi{Vi-i)-i-v~^- 


z 


sein  mufi^  schwankt  fiir  obige  Grenzwerte  V-r-  zwischen  0^0410  und 

Oy317y  oder  die  Tiefenli^e  des  Maximums  nach  (56  k)  zwischen  0^0017  A 
und  0,09  h. 

Nach  T.  Christen^)  bildet  in  sfceilwandigem  Oerinne  gleichformiger 
Tiefe  die  Vertikalknrye  des  Stromstriches,  wenn  die  Tiefe  nicht  groSer 
als  etwa  0,31  der  Breite  ist,  solange  die  Maximalgeschwindigkeit  UmA^ 
sich  an  der  Oberflache  befindet,  die  Parabel  8.  Ordnung 

welche  am  so  genaner  zutreffe,  je  niedriger  der  Wasserstand  steht.  Das 
Yerhaltnis  der  mittleren  Querschnittsgeschwindigkeit   U  zu  Umax  ist 

hierbei  ,  _ 

I^:Cm*x  =  0,4354  V*. 

Die  Parabein  hoherer  Ordnung  haben  die  Eigenschaft,  sich  erst  innig 
der  Abszissenachse  anzuschliefien  und  dann  rasch  von  ihr  zu  entfemen. 
Wenn  man  also  ganz  an  der  Sohle  die  Geschwindigkeit  Null  und  doch 
nahe  daneben  rasch  fliefiendes  Wasser  haben  will,  so  kann  man  dies  mit 
einer  hoheren  Parabel  als  Yerteilungskurre  erreichen.  Richtiger  ist  es 
aber,  wie  in  §  42  ausgeffihrt  werden  wird,  verschiedene  Gesetze  fQr  die 
Nachbarschaft  der  Sohle  und  fiir  den  tibrigen  Querschnitt  aufzustellen, 
also  die  Eurve  fQr  letztere  mit  einer  endlichen  Abszisse  anfangen  zu 
lassen.  Auch  ist  die  t^Tbereinstimmung  der  hoheren  Parabel  mit  den 
Hessungsergebnissen  keineswegs  dberzeugend. 

H,  A.  Pressey ')  hat  das  Mittel  aus  78  Geschwindigkeitsskalen,  die 
in  acht  FltLssen  in  der  Nahe  New-Yorks  erhoben  wurden,  berechnet  und 
Ton  diesen  Skalen  wieder  gesondert  25,  die  sich  fiber  glatter  und  25, 

1)  T.  Christen,  Das  Gesetz  der  Translation  des  WaBsers,  Leipzig  1903.  S.  117. 
Bezflglich  der  Bedeatung  der  Buchstaben  siehe  oben  61.  (48). 

2)  Washington,  U.  S.  Geological  survey,  Water-Supply  and  Irrigation  Paper  76 
— «  H.  A.  Fressey^  Obseryation  on  the  flow  of  rivers,  1908,  S.  45,  47.. 
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die  sich  tlber  rauher  Sohle  befanden,  und  so  nachstehende  Zahlentafel 
fQr  das  Yer^ialtnis  u :  u  in  yerschiedenen  Tiefen  erhalten: 


0,06 

0,15 

0,25 

0,85 

0,46 

0,66 

0,66 

0,75 

0,86 

0,96 

Mittel 

«    Mittel 
-g    Glatt 
oQ  iBanh 

117,0 
118,7 
116,2 

117,9 
118,8 
117,0 

116,8 
116,2 
116,0 

113,2 
112,4 
118,8 

109,0 
107,6 
110,8 

108,6 
102,0 
106,8 

96,6 
96,4 
97,7 

87,9 
87,8 
88,8 

77,2 
78,1 
76,6 

61,4 
68,0 
68,9 

100 
100   ' 
100   i 

Nach  Pres^  wachst  also  das  Verhaltnis(w^— w,):u 
etwas  mit  der  Rauhigkeit,  wie  das  auch  nach 
Basins  Gleichung  (56  e) 

IVa    ^"^    ••• 


oder 


YhJ 


20 


W|j  —  u,  =  ungef  ahr  20 


U 


der  Fall  sein  soil.  Nebenbei  bemerkt  gibt  die  spater  kommende  Gl.(62c)y 
die  auch  auf  Basfins  Yersuchen  fufit,  fdr  gleicbmaBige  Tiefe 


Wo-u, 


^£^=22,28-^-, 


worin  U  mit  den  u  aller  Lotrechten  iibereinstimmen  soil. 

Eine  sich  an  die  Geschwindigkeitskurve  anknOpfende  Frage  Ton 
praktischer  Bedentung  ist  die^  wo  man  zu  messen  hatte,  um  mit  einer 
einzigen  Messung  die  mittlere  Geschwindigkeit  einer  Senkrechten  zu  er- 
halten. Nach  den  alteren  Forschern^  welche  die  Geschwindigkeit  gleich- 
mafiig  abnehmen  lassen,  lage  die  Mefistelle  offenbar  in  der  Mitte  zwi- 
schen  Spiegel  und  Sohle,  fQr  die  Anhanger  der  Parabel  mit  wagrechter 
Achse,  wie  Bazin,  aber  niedriger,  in  0,577  der  Tiefe  (js  =  0,577  A),  nach 
Sagens  Parabel  war  sie  in  %,  nach  Humphreys  und  Abbot  in  ^^  der 
Tiefe.  Spater  leitete  G.Hdgen^)  aus  JBa2rms  Yersuchen  ab,  daB  man  bei 
einer  Stromtiefe  h  (in  m) 

0,5  -  0,0246  Yh 

unter  dem  Spiegel  zu  messen  habe.  Dafi  Hefile  die  mittlere  Geschwin- 
digkeit in  die  Tiefe  0,56  h  bis  0,60  h  verlegt,  wurde  bereits  mitgeteilt. 
Das  tri£ft  nach  neueren  Untersuchungen^)  an  amerikanischen  Flussen 
ziemlich  zu,  denn  diese  ergaben  folgendes:  In  einem  breiten,  seichten 
Gewasser  yon  10  bis  30  cm  Tiefe  und  sandigem  oder  feinkiesigem  Bett 

1)  G.  Hagen,  Untersuchnngen  tlber  d.  gleichf5niiige  Bewegang  dea  Waasers, 
Berlin  1876,  S.  108. 

2)  Washington,  U.  S.  Geological  Survey,  Water- Supply  and  Irrigation  Paper 
95  (1904)  —  E.  C.  Murphy,  Accuracy  of  Stream  MeasurementB,  S.  817. 
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liegt  der  Faden  mittlerer  Oeschwindigkeit  u  in  etwa  0^5  bis  0,55  der 
Tiefe  h,  zngleich  ist  u  hier  gleich  dem  Mittel  der  Geschwindigkeiten, 
die  4^5  cm  tlber  der  Sohle  und  4^5  cm  unter  dem  Spiegel  gemessen  wer- 
den.  (Freilich  fallen  in  10  cm  tiefen  Wassem  die  beiden  Mefipunkte  fast 
znsammen.)  Bei  grobem  Eies  von  2,5  bis  6  cm  Durchmesser  ist  der 
Flfigel  statt  dessen  9  bis  10  cm  tlber  der  Sohle  and  4^5  cm  unter  der 
Oberflache  za  halten.  In  breiten  FlQssen  yon  0,3  bis  0,6  m  Tiefe  mit 
grobkiesigem  Bett  liegt  u  in  der  Tiefe  is  —  0^55  bis  Ofih,  Erhebt  man 
i«  durch  eine  einzige  Messung  in  der  Tiefe  e  —  0^58  A,  so  erhalt  man 
gate  Ergebnisse.  (Dies  stimmt  auffallend  mit  Bazins  Parabel.)  In  ge- 
wohnlicben  Fltissen  Ton  0,3  bis  1,8  m  Tiefe  liegt  u  bei  0  etwa  =  0,6  h. 
In  Bacben  von  6  bis  12  m  Breite  liegt  u  ctwas  tiefer  als  in  gleich  tiefen, 
aber  breiten  Flflssen.  Das  Mittel  aus  der  Oberflachen-  and  Sohlenge- 
schwindigkeit  kann  nar  bei  glattem  Bett  einigermafien  als  u  betrachtet 
werden«  Angeregt  durcb  diese  Forschung  hat  E.  Kriiger^)  16  Qaer- 
schnittsaafiiahmen  tlber  feinem  bis  grobem  Sand  mit  108  Lotrechten 
and  400  Geschwindigkeiten  Ton  0,08  bis  0,9  m  sec  ^  antersucht.  Die 
Lage  Yon  u  schwankte  zwar  von  0,42%  bis  0,86%  nnter  dem  Spiegel, 
aber  es  ware  doch  zalassig  gewesen,  in  jeder  Lotrechten  nur  in  einem 
Pankte  in  0,6  oder  0,65  der  Lotrechtentiefe  za  messen,  denn  statt  des 
U  der  Yollstandigen  Aafnahmen  hatte  man  bei  Messung  in 

•   0,6  0,65  0,7  Tiefe 

0,92  bis  1,10  U   0,931  bis  1,065  V    0,845  bis  1,05  V 

gefunden.  Schliefilich  sei  hier  R.  Jasmund*)  genannt,  der  auf  Grund  von 
Messangen  in  der  Elbe  und  Rhein  es  als  rielfach  zulassig  erklarte,  in 
jeder  Lotrechten  nur  in  0,632  der  Tiefe  zu  messen,  um  U  zu  erhalten. 

36.  Geaohwindigkeitsverteilong  im  Gerinne  von  endlioher  Breite. 
Bajsin  erstrebte  im  wesentlicben  die  Erforschung  des  Wachstums  der 
Geschwindigkeit  mit  der  Tiefe  im  unendlich  breiten  Gerinne,  doch  gab 
er  auch  schon  an'),  dafi  bei  nicht  groBer  Breite  die  Maximalgeschwin- 
digkeit  Ummx  des  ganzen  Querschnittes  von  der  Oberflache  abwarts  rQcke 
and  Gl.  (56  e)  fiir  die  meisten  Falle  der  Praxis  zu 

(56  n)  E^^^^u 

werde,  worin  U  die  mittlere  Geschwindigkeit  des  ganzen  Querschnittes 

1)  Zentralblatt  d.  Bauverwaltung  26  (1906),  S.  276. 

2)  Handbuch  der  IngenienrwisBenschafben  3,  WaBserbau,  1.  Bd.  GewlLsser- 
konde,  4.  Anfl.  1905,  8.  474,  daselbst  auch  weitere  Literatur  S.  461,  472. 

3)  BechercheB  hydranliques  1,  S.  147. 
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bedeutet.  Filr  TJ  ^  43  YhJ,  wie  das  bei  vielen  Flufistrecken  zutrifft, 
w^rde  aus  (56  n") 

(66  o)  Z7--J-CU. 

bervorgeben^  welcbe  Beziebung  in  der  Tat  and  zwar  von  W,  Lahmeyer^) 
aufgestellt  worden  ist.  Bei  paraboliscbem  Umrifi,  paraboliscber  Ge- 
scbwindigkeitsverteilong  ware  U^Ofi  Umaxy  bei  tlberall  gleicber  6e- 
scbwindigkeit  aber  »  I7max-  Die  61.  (56  o)  entspricbt  also  dem  Mittel  der 
Grenzfalle. 

B.  Jasmund  erweiterte  das  Problem  der  Gescbwindigkeitsverteilnng 
liber  den  Querscbnitt  wecbselnder  Tiefe  wie  folgt:  Er  bildete')  ana 
445  Lotrechten,  langs  welcben  in  Tier  Querscbnitten  der  Elbe  die  6e- 
scbwindigkeiten  erboben  wnrden^  secbs  Gmppen,  yon  denen  die  erste 
die  Lotrecbten  von  8  bis  7  m  L&nge  (also  8  bis  7  m  Wassertiefe)^  die 
letzte  die  Lotrecbten  von  3  bis  2  m  Lange  umfafite.  FOr  jede  Gruppe 
bildete  er  den  Mittel wert  y,  der  in  den  Hoben  0  =  0,1b,  0,S,  Ofi,  1,  2  usw. 
Meter  tiber  der  Grondplatte  der  Flilgelstange  (also  so  ziemlicb  der  Soble) 
gemessenen  Gescbwindigkeit  Dann  yerglicb  er  unter  Anwendung  der 
Metbode  der  kleinsten  Quadrate  die  Eignung  verschiedener  Eurren  znr 
Wiedei^be  dieser  y,  Dabei  zeigte  sicb  der  mittlere  Febler  in  mm  sec~^ 
der  secbs  Gruppen  bei  der 

Parabel  mit  wagrecbter  Acbse    y  ^  a  +  hss  +  cz^ 

„         „    lotrecbter       „         js  ^  a  +  hy  +  cy* 

gleicbseitigen  Hyperbel      (y  —  &)  (i^  +  a)  =  konst. 

logaritbmiscbe  Linie  y  =  a  +  b  log  (e  +  c) 

Die  logaritbmiscbe  Linie,  deren  Gleicbung  aucb 

(57)  y  -  a  +  0,4346  log  nat  {z  +  c) 

gescbrieben  werden  kann^  war  also  am  giinstigsten  nnd  zeigte  sicb  auch 
einer  Hyperbel  mit  yier  wablbaren  Konstanten  and  einer  Parabel  n^^Ord- 
nung  iiberlegen').  In  Ziffern  ausgedrtickt  fand  sicb  beispielsweise  filr 
die  secbste  Grappe,  fUr  welcbe  die  logaritbmiscbe  Linie  am  besten 
stimmte  {c  war  ==  0) 

y  =  0,5882  +  0,26368  log^e? . 

Jasmund  bat  femer  aus  zusammen  58  Messungen  nacbstebende  Werte 
yon  0,4346  berecbnet: 


18,4  bis  63,9 , 

24,5   „   53,4, 

6,6   „   27,5, 

0,9   , 

,   25,4. 

1)  Allgem.  Bauzeitung  17  (1862),  S.  156. 

2)  Z.  f.  Bauw.  48  (1893),  Sp.  124. 
8)  Z.  f.  Bauw.  47  (1897),  Sp.  806. 
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MeBstelle 

Mahlberg 

Bartelswerder 

Barbj 

H&merten 

Aiilenberg 


1000  /  im  Mittel  0,434  h  im  Mittel 

0,132  0,128 

0,168  0,189 

0,191  0,136 

0,183  0,186 

0,108  0,128 


Hieraos  schliefit  der  Yerfasser,  dafi  fUr  metrisches  Mafi 

0,434i  =  1000e7' 

geeetzt  werden  darf.  Dunkler  blieb  der  Zusammenhang  zwischen  a  und 
der  Flufibeschaffenheit;  zwar  lag  bei  577  yon  I 

1214  imtersachtenLotrechtena  zwischen  —0,09  r" y* 

und  +  0,09  m  aber  manche  Werte  yrichen  stark 
ab,  war  doch  bei  38  Lotrecbten  a  >  2  m.  — 
Wird  angenommen,  dafi  die  Wasserbewegung 
noch  nnter  die  Sohle  bis  zur  Stelle  d  binab- 
reicht,  wo  y  =  0,  also 


I 


log(^  +  c)-  — 


a 


wird,  so  findet  sich,  wenn  h  die  Lotrechtenhohe 
nnd  ffuMx  das  y  an  der  Oberflacbe  bezeichnet, 
fSr  das  mittlere  y  einer  Lotrecbten 


..14.1—.' 


.... fl  — ♦; 


^- "if 


'^y-  Achsedep^e8^ng}i 


t^^^ j c  _ 


C57a)   y„ 


Fmax 


(*  +  c) 


-/ 


Vmaz 


dy 


:(fe+c,J)»y-(^  +  ;  --0,4346. 


Nun  ist  J  nach  den  Messungen  nur  0,001  bis  0,01  m  und  daher  ver- 

nachlassigbar,  so  dafi  sicb 

(57  b)  ymax-y^-0,4346 

ergibt^).  t]^brigens  bemerkte  Ja^mumJ  spater^),  dafi  diese  Formel  meist 
kleinere  Werte  yon  h  liefert  als  die  BerQcksichtigung  der  y  der  ganzen 
Lotrecbten.  DieHohenlage  jef„,  in  der  y^  herrscbt*),  bestimmt  sicb  nacb 
(57)  aus  dem  Ansatz 

y«  -=  a  +  0,434 &  log Dat  {z^-\-  c) ; 
emer  gi  ^^^^  —  a  +  0,434  6  log  nat  {h  +  c) , 

daher  lafit  sicb  (57  b)  auch  schreiben 


und  folgt 


0,434&  «  0,4346  log  nat  -^"^ 

^m  "1"  ^ 

^.+  c-^|^  =  0,368(A  +  c) 


1)  Ebenda  48  (1893),  Sp.  147. 

2)  Ebenda  47  (1897),  Sp.  309. 
8)  Ebenda  43  (1893),  Sp.  148. 
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Trotz  des  Interesses,  das  Jasmunds  Untersuchungen  einflofien^  eignen 
«ie  sich  wenig  zur  praktischen  Anwendung,  weil  sie  keinen  SchluB  aus 
der  an  einer  Qaerschnittstelle  herrschenden  Geschwindigkeit  auf  die  an 
•einer  anderen  Stelle  zulassen.  Auch  ist  das  y^  der  Stromstrichlotrechten 
nicht  etwa  die  mittlere  Geschwindigkeit  des  ganzen  Qnerschnittes^  weil 
bei  Bildung  des  Mittelwertes  y^  alle  Streifen,  vom  breiten  Streifen  unter 
•dem  Spiegel  bis  zum  yerschwindenden  der  Stromrinne;  mit  gleichem 
■Gewichte  eingesetzt  wnrden. 

Bcufins  Gleichungen  (56  e)  und  (56  n)  sollen  den  Scblufi  aus  den 
OroBtgeschwindigkeiten  auf  die  mittleren  Geschwindigkeiten  der  ein- 
zelnen  Lotrechten  ermoglichen.  Das  Bediirfnis  der  Praxis  besteht  aber, 
wie  scbon  gesagt^  darin,  den  Zusammenhang  der  mittleren  Geschwin- 
digkeit U  des  ganzen  Querschnittes  mit  den  vergleichsweise  leicht  meB- 
baren  Oberflachengeschwindigkeiten  Uq  kennen  zu  lemen.  Folgerichtig 
geben  daher  z.  B.  die  Osterreichischen  JahrbCLcher  in  ihren  Zusammen- 
43tellungen  das  Mittel  Uq  der  einzelnen  Uq,  so  wie  das  Maximum  Uom«x  der 
letzteren.  Bei  den  S.  82  u.  83  angegebenen  Messungen  wurde  beispiels- 
weise  erhobeu: 


Donan  bei  Stein,  c  =  89,4m*'*Bec"*  (?  bedeutet  Oberfl&chAnmeBsung)         i 

U            « 

2,84 

2,14 

1,93 

1,69 

1,46? 

1,44 

1,40 

1,48? 

lf:u,       = 

2,64 

2,46 

2,18 

1,79 

1,67 

1,66 

1,68 

1,68 

0,92 

0,87 

0,88 

0,89 

0,87 

0,87 

0,88 

0,88 

i*omax        «      ;    2,96 

2,78 

2,52 

2,06 

1,98 

1,99 

1,86 

1,88 

U  •  Wo  »»»w   — ^ 

0,78 

0,78 

0,77 

0,74 

0,72 

0,76 

0,76 

0,76 

1  Inn  bei  Innsbruck,  c  =  40,6  m*'* sec"* 

Inn  bei  Kufstein,  e  —  34,1  m*'» sec-* 

U             —          2,31 

1,82 

0,91 

U             —      2,08        1,86 

M8' 

iL              =       1    2,68 

2,08 

0,99 

«.              =      2,36        2,09 

1,20 

U:u,       - 

0,86 

0,87 

0,91 

U:u^        =-1    0,88 

0,89    1    0,94    1 

Uo««        =«          3,08 

2,69    .    1,16 

Wo««        =  i    2,90 

2,64 

1,48 

UlUojamx  =«               0,76 

0,70    '    0,78 

< 

Vlthmmx^         0,70 

0,70 

0,70 

Drau  bei  Villach,  e  =  33,7 m*'*sec-^       Weichsel b.Krakau,  c  ==  35,9m''* sec" » i 

U             = 

1,27 

1,07    i    0,81 

!      V            « 

0,87 

0,87 

0,57 

«o                — 

1,36 

1,11    1    1,36 

«o              =       1,02 

1,00 

0,63 

U:u^        =- 

0,94 

0,96    1    0,72 

U:u^        —  !    0,86 

0,87 

0,90 

ttOmax            

2,02 

1,61 

1,24 

^Omu            = 

1,21 

1,26 

0,79  , 

U  :  Uomaz  

0,63 

0,66 

0,66 

U:Uommx  = 

0,72 

0,70 

0,72   , 

1 

Donau,  2,682  km  ober  Wien,  c  =  60,0m''»8ec~* 

(Dal 

^n  des  nicht  fiber  die  Ufer  tre 

tenden 

Stromes) 

U              —     2,6; 

J  1   2,62      2,48  i  2,51 

2,44 

2 

,u 

2,C 

)1  1   1,81      1,67       1,59  j 

«o              =      2,73      2,60  ;   2,66  '  2,60  :  2,60 

2,16 

2,00      1,69  .  1,88      1,21  1 

,  C7:Uo        =     0,97      0,97      0,97 

0,97  1  0,98 

1,00      1,01      1,07  1  1,21       1,82  1 

t*Om*x          —       3,26 

8,04  '  3,17  '  8,12      8,12 

2,90  '  2,66      2,63      2,48 

2,62  ; 

U:  ttom»»  =  '   0,82 

1 

0,83      0,78      0,80      0,78 

0,74      0,76  ,  0,71      0,67 

0,63 
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Donaukanal,  c 

•  =  bfg. 

67  bis 

80m''«Bec-* 

u          « 

2,62 

2,44 

2,26 

2,19 

1,98 

2,06 

1,90 

1,78 

if:  i*o        « 

2,26 

2,10 

2,12 

1,86 

1,81 

1,89 

1,78 

1,72 

1,16 

1,16 

1,07 

1,18 

1,09 

1,08 

1,07 

1,01 

1         t^mftx           = 

2,83 

2,76 

2,78 

2,61 

2,39 

2,36 

2,29 

2,46 

1 

0,93 

0,89 

0,83 

0,87 

0,83 

0,87 

0,83 

0,71 

.     u          « 

1,68 

1,76 

1,71 

1,84 

1,31 

0,78 

0,63 

"o                — 

1,60 

1,66 

1,68 

1,32 

1,28 

0,84 

0,71 

;     t/:a,     = 

1,06 

1,06 

1,08 

1,02 

1,02 

0,93 

0,89 

1<0mftZ            

2,11 

2,28 

2,23 

1,76 

1,78 

1,08 

0,88 

1 

U  I  tlciau  — 

0,80 

0,77 

0,77 

0,77 

0,76 

0,72 

0,72 

Nach  diesen  Zahlen  kann  eher  aus  der  groBten  als  aus  der  mitt- 
leren  Oberflachengeschwindigkeit  ein  Schlufi  auf  die  mittlere  Quer- 
schnittsgeschwindigkeit  gezogen  werden.  Dies  kommt  daher,  dafi  bei 
BerecbnuQg  von  Ug  die  Oberfiachengeschwindigkeit  tiber  den  wenig 
Wasser  ftlhrenden  seichten  FluBteilen  genau  so  wie  die  flber  der  Strom- 
Tinne  beriicksichtigt  werden.  Was  nun  das  Verhaltnis  {7:tiomAx  betrifiPb^ 
so  liegt  es  bei  FlUssen  meist  zwischen  0,7  nnd  0^8  nnd  nimmt  ab^  wenn 
die  Rauhigkeit  wacbst.  Von  Baains  U:  27max  der  61.  (56  n)^  also  Ton 
€:{c+  14),  weicht  U:i*om%^f  wie  folgende  Zahlen  zeigen,  nicht  sehr  ab: 


1 

1 

Drau               Inn 
b.  Villach     b.  Kufstein 

Weichsel 
b.  Erakau 

Donau 
b.  Stein 

c  in  m*'*Bec-*                   = 
1  U:  Un^Mx  (nach  Gl.(56n))  « 
,  UlUommx  (gemessen)         = 

38,7 
0,71 
0j64 

84,1 
0,71 
0,72 

36,9 
0,72 
0,71 

39,4 
0,74 
0,76 

1 

Inn 
b.  Innsbruck 

Donau 
ob.  Wien 

Donaukanal 

c  in  m*'*Bec""*                    — 
U:  U;„.T  (nach  Gl.(66n))  = 
Uzu^tMxmx  (gemessen)         ^s 

40,6 
0,74 
0,76 

60,0 
0,78 
0,76 

67     bis    30             1 
0,80     „     0,68 
0,92     „     0,72 

GroBe  Beachtnng  verdient  R.  Siedeks  empirische  Formel  fUr  die 
Berechnong  der  mittleren  Profilgeschwindigkeit  U  aas  der  mittleren^) 
Oberfiachengeschwindigkeit  Uq  in  einem  Querschnitte^).  Nach  ihm  gilt 
bei  Querschnitten  von  der  Breite  B  fur  mittlere  Tiefen  T  >  0,8  m  und 
<  2,0  m, 

(57c)  U=^U,f^, 

1)  Hq  bedeutet  also  die  mittlere  Oberfl&chengeschwindigkeit  nach  der  lib- 
lichen  Berechnungsweise,   Uq  nach  der  Siedeka. 

2)  Ost.  Woch.  f.  d.  5ff.  Baud.  18  (1912),  S.  229. 
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fur  mittlere  Tiefen  T  >  2,0  m 

(5Ta)  f^-^+i°^f¥, 

wobei  er  logischerweise  bei  der  Mittelbildun^  den  Tiefenwechsel  be- 

acbtet,  luunlich  ^  . .    . 

'  jj  _       Summe  {fu;) 


QaerBchnittBfl&.che 

setzt,  worin  f  den  zum  betreffenden  u^  geh5rigen  senkrechten  Flachen- 
streifen  bedeutet.  12.  Siedek  hat  diese  Formeln  anf  Grund  von  raehr  al» 
400  YoUkommenen  Flugelmeasungen  aufgestellt  und  in  weiteren  zur 
Untersuchung  herangezogenen  Fallen  keinen  grofieren  Fehler  gegeniiber 
den  Messungsergebnissen  als  7  y.  H.  gefunden.  Da  nach  seiner  Ansichi 
der  Messungsfehler  selbst  mit  5  y.  H.  zu  bewerten  ist,  genflge  es  bei 
Hochwassermengen,  bei  denen  die  Geschwindigkeitsmessungen  in  der 
Tiefe  auf  groBe  Schwierigkeiten  stoBen,  bloB  Oberflachengeechwindig- 
keitsmessungen  dnrchzuftihren.  Ebenso  sei  dieser  Yorgang  bei  Yerander^ 
lichem  Messongswasserstand  Yorzaziehen,  da  erfahrungsgemaB  beim  Aus- 
gleich  auf  den  mittleren  Messungswasserstand  nicht  unbedeutende  Fehler 
aafkreten. 

37.  Die  Oesohwindigkeit  an  der  Oberflftohe.   Isotaohen.   In  der 

dblichen  Gleichung  (35)  U  ^  c  YRJ  wird  als  Profilradius  B  der  Quo- 
tient aus  durchflossenem  Querschnitt  und  benetztem  Umfang  eingef&hrt 
nnd  hiermit  besagt,  daB  die  freie  Oberfiache  nicht  Yerzogemd  wirkt,  also 
an  der  Luft  keine  merkliche  Reibung  statt  hat  Dies  hat  auch  H.  Bcteins- 
VergleichsYersuch^)  mit  einem  offenen  und  einem  doppelt  so  hohen  ge- 
schlossenen  Gerinne  gleicher  Breite  bestatigt,  da  sich  bei  ttbereinstim- 
menden  Gefallen  auch  die  Durchfliisse  Yerdoppelten.  Demgegeniiber  ist. 
es  ilberraschend,  daB,  wie  schon  L.Ximenes^)  wuBte,  auch  unter  anderen 
H.Bcusin^)  bemerkte  nnd  manche  Ingenieure,  wie  Harder  und  Hefile  in 
ihren  GeschwindigkeitskurYen  zum  Ausdruck  brachten,  in  offenen  Laufen 
die  groBte  Gesch windigkeit  Umax  oft  nicht  an,  sondern  unter  der  Oberfiache 
herrscht.  Die  Isotachenaufhahmen  zeigen,  daB  diese  Erscheinung  beson- 
ders  in  der  Strommitte  aufbritt.  Sie  kann  nicht  Yon  den  Seitenwanden 
herrflhren,  denn  A.  A.  Humphreys  und  H  L.  Abbot  stellten  sie  auch  bei 
1  bis  1,5  km  Strombreite  im  Mississippi  fest.  G.  van  der  Men^>rugghe^y 

1)  Recherches  hydraaliqoes  1,  Paris  1865,  S.  176. 

2)  L.  Ximenes,  Nuove  sperienze  idranliche,  Siena  1780,  S.  212. 

3)  Recberches  hydraaliques  1,  S.  24.  Obrigens  bleibt  bei  der  Yerlegung- 
des  Maximums  sein  VerhUltnis  zur  mittleren  Geschwindigkeit,  also  Ummx :  U,  un- 
ge&ndert,  vgL  H.  Bazin,  Ann.  d.  ponts  et  chauss.  (6)  10  (1875),  S.  309 f. 

4)  Compte  rendu  du  4°*"  Congr^s  scientifique  international  des  catholiquea 
1897,  Fribourg  1898. 
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sieht  daher  als  Ursache  die  Oberflachenhaut  an,  welch  letztere  der  Yer- 
dunstung  ausgesetzt  sei,  so  dafi  immer  neue  Teilchen  von  ihr  aufgenommen 
werden,  welche  dabei  ihre  kinetische  Energie  in  potentieUe  umwandeln. 
Dann  miifite  aber  die  Erscbeinung  bei  Regen  auf  boren,  was  sie  nicbt  tut. 
H.  Hahfiy  6r.  Herglots  nnd  K.  Schwarzschild^)  suchen  als  Grand,  dafi  die 
TiirbulenZy  also  das  Yerbaltnis  der  Beibung  der  Wasserschichten  zum 
Unterscbiede  ibrer  Gescbwindigkeit  an  der  Oberflacbe  am  grofiten  sei. 
Das  erklart  wohl,  dafi  bier  die  Gescbwindigkeit  sicb  nur  wenig  andert, 
aber  bei  breitem  Strome  kaum,  dafi  sie  in  der  Nabe  der  Luft  nacb  oben 
abnimmt.  Die  Abnabme  beweist  yielmebr,  dafi  Wirbel  oder  Spiralbewe- 
^ngen  um  wagrecbte  Acbsen  Teilcben  von  geringer  Gescbwindigkeit 
Ton  der  Soble  znr  Oberflacbe  bringen.  In  der  Tat  beobacbteteJ.JS.jFVan- 
cis^y  dafi  Kalkmilcb,  die  er  nabe  an  der  Soble  ins  Wasser  gespritzt 
hatte,  nacb  Znrt&cklegong  einer  der  10-  bis  SOfacben  Tiefe  gleicben 
Strecke  an  der  Oberflacbe  erscbien.  F.  P.  Steams^)  und  M.  Mbller^) 
nebmen  speziell  an,  dafi  das  Wasser  in  jeder  Flufihalfte  langs  des  Ufers 
^mporsteigty  sicb  dann  der  Mitte  nabert,  bier  abwarts  tancbt  und  an  der 
Soble  znm  Ufer  zuriickkebrt.  Das  Treiben  schwimmender  Gegenstande 
gegen  den  Stromstricb  bin  und  die  Bildung  einer  tiefen  Stromrinne 
unter  letzterem  spricbt  ftir  diese  Anscbauung.  Nacb  C,  JEllets^)  Mittei- 
lungen  w^de  aucb  die  Yeranderung  des  Wasserstandes  den  Yorgang 
beeinflussen.  Es  bleibe  dahingestellt,  ob  oder  wann  die  Doppelspirale 
bewirken  miifite,  dafi  die  Gescbwindigkeit  an  zwei  Querscbnittspunkten 
Maxima  aufweise.  Tatsacblicb  liegt,  wenn  die  Soble  nicbt  mebrere  Tief- 
punkte  besitzt,  Yon  den  timax 
'der  einzelnen  lotrecbten 
Punktreiben  •)  des  Quer- 
scbnittes,  das  grofite  t«max 
gewobnUcb  am  tiefsten  und 
unter  dem  Stromstricb.  Gegen  die  Ufer  riicken  die  Umax  also  bober  und 
in  der  Ufemabe  wacbst  die  Gescbwindigkeit  yon  der  Soble  gegen  deiv 
Spiegel,  obne  ein  Maximum  im  matbematiscben  Sinn  zu  bieten.  Die 
Yerbindungslinien  der  Punkte  gleicber  Gescbwindigkeit  scbliefien  sicb, 

1)  Zeitsch  Math.  Phys.  51  (1904),  S.  417. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  7  (1878),  S.  118. 

3)  Am.  Soc.  Civ.  Eng.  Trans.  12  (1883),  S.  331.  Steams  beobachtete,  dafi  der 
Spiegel  in  einem  Gerinne  bis  auf  beide  Uferstieifen  Lnfbblasen  trug. 

4)  Z.  f.  Banw.  33  (1883),  Sp.  201.  In  Enrven  bewegt  sich  das  Wasser  nach 
Boussinesq  in  einer  einzigen  Spirale,  siehe  unten  §  140. 

6)  CElletjun.,  The  Mississippi  &  Ohio  rivers  etc.,  Philadelphia  1853,  S.  303. 
6)  Bemerkt  sei,  daB  man  bei  praktischen  Messungen  die  Mefivorrichtnng 
lotrecht  zn  verstellen  pflegt. 
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wenn  auch  roh,  dem  IlmriB  an.   Zahlreiche  Yeroffentlicliniigen  dieser 
sogenannten  Isotachen^)  liegen  Yor. 

38.  Die  Fnlsatioiieii.  Bisher  war  bei  der  Besprechung  der  Ge- 
schwindigkeitsanderuiig  mit  der  Tiefe  yon  bestimmten  Geschwindig- 
keiten  u  fur  die  einzelnen  Stellen  des  Querschnittes  die  Rede,  so  als  ob 
das  Wasser  sich  in  unveranderlichen,  ahnlich  gerichteten  Faden  bewegen 
wQrde.  Tats&chlich  wirbeln  aber,  wie  oben  S.  26  erwahnt,  die  Massen 
fortgesetzt  bin  nnd  her^  wodarch  sie  den  wesentlichsten  Teil  der  Bei- 
bnng  erzeugen.  Das  Wirbeln  hat  eine  unausgesetzte  Anderung  der  Ge- 
schwindigkeit  znr  Folge^  welche  Anderung  man  als  Pulsationen  zu  be- 


laotachea  und  Linltn  gloioh«r  Pulsation  im  DonankuiaL 

zeichnen  pflegt  Letzteres  ist  in  derselben  Lotrechten  an  der  Oberflache 
am  geringsten,  nahe  an  der  Sohle  am  siarksten,  wachst  bei  gleicher 
Tiefe  vom  Stromstrich  gegen  die  Ufer  bin  nnd  nimmt  in  einem  und 
demselben  Querschnitt  mit  zunehmender  Geschwindigkeit^)  ab.  H.  Bazin^ 

1)  Z.  B.  bei  A.  B,  Harlacher,  Beitr9,ge  zur  Hydrographie  Bfihmens,  1.  Lief., 
Prag  1872  {ECbe)\  ders.,  Die  hydrometriBcben  Arbeiten  in  der  Elbe  bei  Tetscben, 
Pragl88d;  ders.,  Die  MesBmigen  in  der  Elbe  n.  Donan,  Leipzig  1881;  H.  Grebenau^ 
Internationale  RbeinstrommesBung,  Milncben  1879;  M.  Honsell,  Der  Bodensee  a. 
die  Tieferlegnng  seiner  Hocbwaeeerst&nde,  Stuttgart  1879  {Ehein)\  W.  PlenkneTy, 
t^ber  die  Bewegnng  des  WasBers  in  natfirlichen  WasBerl&afen,  Leipzig  1879  {Eger)\ 
J.v.  Wagner,  HydrologiBche  Untersncbungen,  Braunschweig  1881  {Weser,  Elbe)\. 
I.  Nazzani,  Giom.  del  genio  civile  (4)  2  (1882),  S.  189, 229,  293  i^Tiber)-,  J.  Sdimid, 
Hydrologische  Untersucbnngen  im  KOnigreicb  Bay  em,  1884  {Inn)\    F,  FresCy  Z. 
d.  y.  deutsch.  Ing.  81  (1887),  S.  599  {Leine);   Beitrftge  zur  Hydrographie  Oster- 
reichs,  8.  Hefb  1897  {Danau  u.  Donaukanal);  H.  Bazin,  Mem.  pr^s.  par  div.  say. 
19  (1865),  S.  182  {geschlossene  u.  offene  rechteckige,  sowie  offene  dreieckige,  trapez- 
f&rmige  und  verwandie  Gerinne,  Halbrdhren);   B.  E.  Horion,  Am.  Soc.  Ciy.  Eng» 
Trans.  46  (1901),  S.  88  (StraAensiele),   JP.  P.  Stearnz,   ebenda  12  (1883),    S.  824 
{gemauerte  Gtrinne)\    C  Krischcm,    Untersuchungen,    1.  Teil,   Graz  1912    {Salza,, 
Becztoa,  Donaukanal,  Donau),   Baumgarten  ver5ffentlichte  schon  in  den  Ann.  d. 
pouts  et  chauBs.  (2)  14  (1847*)  die  Isotachen  derselben  Stelle  eines  Garonne- Armes 
bei  verschiedenen  WaBserst&nden. 

2)  Beitr&ge  zur  Hydrographie  Osterreichs,  5.  Heft  (1897),  S.  68 ;  A.  B,  Ear- 
lacker,  Die  Messungen  in  der  Elbe  u.  Donau,  Leipzig  1881,  S.  14;  F.  Freae,  Z. 
d.  V.  deutsch.  Ing.  31  (1887),  S.  698;  E.  C,  Murphy,  Washington,  U.  8.  Geological 
Survey,  Water-Supply  &  Irrigation  Paper  96  (1904),  S.  26,  zitiert  Cunningham,. 
J,  B.  Francis,  Unrein,  D.  JP.  Henry,  Marr  und  L.  C.  Sahin. 


2,3 


38.  Die  Pulsationen.    39.  StrOmnng  unter  Eis  111 

fand  fiberdies^  daB  die  Rauhigkeit  die  Pulsation  steigert.  Umstehende- 
Figur  beniht  auf  Messmigen  mit  dem  WoUmann-FliJgel,  bei  dem  sich/ 
die  Pulsation  durch  die  veranderliche  Umlaufgeschwindigkeit  der  FlOgel- 
Bcbraube  sofort  zu  erkennen  gibt.  Bei  Yerwendung  der  Darcy achen> 
Rohre,  bei  welcher  der  Stofi  des  fliefienden  Wassers  durch  die  Hohe  einer 
Wassersaule  gemessen  wird,  verursachen  die  Pulsationen  ein  Scbwanken^ 
der  Saule.  Bazin^)  leitete  aus  seinen  Versuehen  ^  .rVATV  l^^.,^^ 

sh,  daB  die  Schwankung  in  offenen  Gerinnen  sich       '^   ^^ 
proportional  mit 

[ — u —  +  ^'^  — U~)  ^  ' 
in  geschlossenen  Leitungen  proportional  mit 

\ — u —  +  — C^j^ 

von  Pnnkt  zu  Punkt  desselben  Querschnittes  an-  j  ^  p^iA^--/-^'X--J\'f- 

dem.   Er  nimmt  dabei  an,  daB,  wenn  die  Qe-  ^    .      V 

schwindigkeit  an  einem  Punkte  zwischen  t^maz  i    A       A 

and  u^  spielt,  die  Spiegelschwankung  in  der  ^.,mh..i^j 

Darcy -Rohre  dem  Produkte  w(Wm»x--  Wmin)  pro-  /        *\|   W 

portional  sei.   Eine  Theorie  der  Pulsationen  ver-  ,      ,  _          '          , 

*  In    glelohen    wagrechten    Ab— 

sncht  aber  auch  Basin  nicht,  so  daB  sich  unser  i*°?«»  *"*  ^"  zeiuufw»nd 

'  for  je  60  FltLgelamdrehongen 

heutiges  Wissen  so  ziemlich  auf  die  Eenntnis        •enkrecht  anfgetragen. 

I         i«*ii-io-i*Tki±*  11  •  'j^       PolBationen  im  Donaukanal. 

beschrankt,  dafi  die  Pulsation  im  allgemeinen  mit 

dem  Geschwindigkeitsunterschied  benachbarter  Punkte  wachst,  wie  dies 
z.  B.  nebenstehende  Figur  erlautert,  in  der  f&r  denselben  Querschnitt  Linien 
(Isotachen)  gleicher  Qeschwindigkeit  u  und  solche  gleicher  Werte  yon 
(«i»x  —  Wmin)  :  tt*  anfgetragen  sind*). 

39.  StrQmiuig  unter  Sis*).  Die  Wirbel  der  turbulenten  Bewegung 
bewirken,  dafi  Wasserlaufe  im  Gegensatz  zu  stehenden  Gewassem  keine- 
groBeren  Temperaturunterschiede  als  etwa  0,5^  zwischen  den  oberen  und 
den  unteren  Schichten  aufweisen.  1st  das  gesamte  Wasser  auf  ungefahr 
0®  abgekUhlt,  so  beginnt  die  Eisbildung,  welche  sowohl  an  der  Ober- 
flache  wie  in  Seen  und  Teichen,  wo  festes  Eis  (Kemeis)  entsteht,  als  an 

1)  Ann.  d.  ponts  at  chanss.  (6)  14  (1887),  S.  196. 

2)  Yon  A,  Schoklitsch  f&r  eine  Stelle  des  DonaukanalB  nach  „Beitr&ge  zur 
Hydrographie  Osterreichs''  8,  Wien  1899,  Beilage,  Taf.  18. 

3)  F.  Arago,  (EuTies  completes  8,  Paris-Leipzig  1858,  8.  159  f.;  G.  Hagen^ 
Handb.  d.  Wasserbankunst,  2  Teil,  3.  Aufl.  1871,  1,  S.  202;  G.  Fanner,  Wochenschr. 
d.  dsterr.  Ing.-  a.  Arch.-Ter.  13  (1888),  S.  301;  0.  Holzer,  Osterr.  Monatsschr.  f.  d. 
Offentl.  Baudienstl  (1895),  S.  370;  B.Jasmund  im  Handbuch  d.  Ingenienrwissensch.  3,. 
Wasserbau,  1.  Bd.  Gew&sserknnde,  4.Aufl.  1907,  S.  823f. 


112  V-  Die  Gesch'windigkeitsverieilang 

Torspringenden  Steinen,  Moos  u.  dgl.  an  der  Sohle  und  den  Wanden 
Yor  sich  gehen  kann  (Gnindeis).  Das  losgelSste  Gfrundeis,  welches  aus 
einem  wirren  Haafen  Eristallnadeln  besteht,  bildet  unter  Wasser  eine 
flchwammige  Masse  (an  der  Donau  ,,Tost'^  genannt).  An  die  Luffc  ge- 
bracht  yerliert  es  sein  Wasser  und  fnert  graupenartig  zusammen  (daher 
in  den  Ostalpen  der  Ausdruck  ,,Rogeis^';  sprachlich  mit  Roggen  yerwandt). 
Das  an  der  Oberflache  als  ^Treibeis^'  schwimmende  Omndeis^  hinein- 
fallender  Schnee  (Schneeis)  und  unmittelbar  frierendes  Wasser  bilden 
zusammen  die  Eisdecke  (EisstoB^  Eissiand),  wobei  der  Wasserstand  steigt 
(nach  iZ.  Jasmund  40  bis  100  cm  und  mehr)  und  am  unteren  Ende  des 
Eisstandes  ein  starkes  Gefalle,  oberhalb  des  Eises  ein  Stau  entsteht 
Unter  dem  Eise  findet  die  Strdmung  unter  Druck  statt.  Im  ;,Tost'^  er- 
folgt  sie  sehr  langsam^  aber  auch  bei  klarem  Wasser  unter  der  Decke 
langsamer  als  mit  freiem  Spiegel ,  weil  zu  dem  benetzten  Umfang  der 
Sohle  jener  am  Eise  hinzukommt.  Nach  H.  K, Barrows xmd  B.E,Horton^) 
ist  die  Reibung  am  Eise  durchschnittlich  0,58  von  jener  an  der  Flufi- 
«ohle,  bei  rauhem  Eise  aber  viel  groSer,  so  daS  sie  sogar  die  Sohlen- 
reibung  etwas  zu  CLbertreffen  yermag.  Das  zeigt  die  Geschwindigkeits- 
kurye,  welche  unter  der  Eisdecke  weniger  oder  mehr  zurUckgebogen 
sein  kann,  bis  zur  Umkehrung  der  gewohnlichen  Form.  Da  das  Eis  nicbt 
nur  den  benetzten  Umfang  fast  yerdoppelt,  sondern  bei  einiger  Dicke 
auch  den  Querschnitt  merklich  yerkleinert,  ist  bei  gleichem  Wasserstand 
der  DurchfluB  erheblich  geringer  als  bei  freiem  Spiegel. 

40.  Die  Qesohwindigkeitsverteilung  in  Bohren  und  Halbrohren. 
Die  Geschwindigkeitsyerteilung  in  Rohren  ist,  wie  schon  erwahnt,  spater 
Oegenstand  der  Untersuchung  geworden,  als  die  in  offenen  Laufen. 
Hierbei  mag  auch  die  Schwierigkeit  der  Messung  mitgewirkt  haben.  In 
der  Tat  ist  auch  die  Geschwindigkeitsyerteilung  zuerst  bei  sehr  engen 
Rohren,  also  bei  Haarrohrchen,  festgestellt  worden,  wo  dies  auf  theore- 
tischemWege  moglich  war.  Hier  war  es  leicht  nachzuweisen,  dafi  man 
bei  Auftragung  der  in  den  Punkten  eines  Querschnittes  herrschenden 
Geschwindigkeiten  ein  Rotationsparaboloid  erhalt,  wie  dies  GL  (14  e) 
ausdrfickt. 

Auch  in  weiten  Rohren  sind,  wie  selbstyerstandlich,  die  Geschwin- 
digkeiten u  in  den  Punkten  eines  beliebigen,  yom  Umfangsmittelpunkte 
aus  beschriebenen  Kreises  gleich  groB,  welche  lO^bereinstimmung  libri- 
gens  H,  Baein^)  selbst  in  halbkreisformigen  Gerinnen  beobachtete.  Aber 


1)  Washington,  U.  S.  Geological  Survey,  Water-Supply  and  Irrigation  Paper 
187  (1907),  S.  77. 

2)  Paris,  M^m.  pr^s  par  div.  sav.  19  (1865),  p.  230,  242. 
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das  Paraboloid  ist  im  weiten  Rohre  nicht  mehr  zweiten  Grades,  denn 
nach  Bazin  ist^  wenn  r  den  jeweiligen  Mittelpunktsabstand,  r  den  Urn- 
fangshalbmesser  bedeutet^ 

(58)  t*-J7„ax-2l]/Jj^.^', 

also  die  Geschwindigkeit  im  Mittelpunkt  am  grofiten,  yon  wo  aus  sie 
nach  einer  kubiscben  Parabel  bis  zur  Randgescbwindigkeit  abnimmt. 

Spatere  Messungen  Bazin&  in  einem  0,8  m  weiten  glatten  Zement- 
rohr  (dessen  Chejsyscbe  Zabl  c  — >  54,9  war)  zeigten  Abweicbungen  yon 
der  kubischen  Parabel^  welche  ihn  bewogen,  an  deren  SteUe  die  Viertel- 
ellipse^) 

<58a)  u^U^^-  29,5  ]/|  J  [  1  -  "|/l-0,95  (|)*) 

zn  setzen.   Aus  (58  a)  berechnet  sich  der  Gesckwindigkeitnnterschied 

C^inax  —  CT  -  9,03  YRJ  ^worin  der  Profilradius  R  =-  y)  und  der  Halb- 

messer  r  der  Punkte,  an  den  en  u  »  der  mittleren  Geschwindigkeit  U 
ist,  zu  0,7422.  *Das  Geschwindigkeitsyerhaltnis  U:  Umta:  war  »  0,856. 

Mit  der  Formel  (58  a)  stimmen  auch  leidlich  die  Messungen  J.  R, 
Freemans^  tlberein,  die  er  in  einem  aus  einem  3  cm  weiten  Messingrohr 
tretenden  Strahl  yomahm. 

An  den  meisten  Rohrstellen  schlieBt  sich  den  Erhebungen  Baeins 
^mdFreemans  fast  noch  besser  als  die  VierteleUipse  die  yon  T.  Christen^) 
beyorzugte  Parabel  achter  Ordnung 

(58  b)  w  =  konst.  "f^r  — r 

an,  aber  sie  hat  den  'Qbelstand,  dafi  sich  die  yon  gegenQberliegenden 
Wandstellen  ausgehenden  Parabeln  achter  Ordnung  im  Rohrmittelpunkte 
unter  einem  Winkel  tre£fen. 

Zahlreicbe  genaue  Messungen  nahmen  G.  S.  Williams,  C.  W.Huhbdl 
und  G,  H,  FenJcdl*)  yor.  Aus  76  Mefireihen,  bei  welchen  sie  in  geraden 
Oufirohrstrecken  von  1067,  762,  406  und  306  mm  Weite  und  in  einer 
Messingrohre  yon  51  mm  Weite  an  den  yerschiedenen  Punkten  dessel- 
ben  Dorchmessers  die  Geschwindigkeit  erhoben,  leiteten  sie  ab,  daB  die 
mittlere  Geschwindigkeit  Z7»  0,84  Vmtx  sei,  aber  Abweicbungen  bis  zu 
3%  yorkommen^).  Die  Umfangsgeschwindigkeit  konne  man  zu  0,5  Un 


'max 


1)  Paris,  M^m.  pr^s.  par  diy.  say.  82  (1902),  Nr.  6,  S.  4,  15,  17. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  418. 

3)  Z.  f.  Gew&sserkunde  6  (1904),  S.  176. 

4)  Am.  Soc.  Ciy.  Eng.  Trans.  47  (1902),  S.  1  u.  f. 

6)  Ebenda  S.  84,  64,  191,  842.  F.  E.  Laicrence  n.  P.  L.  Braunworth,  ebenda 
57  (1906)  fanden  0,846. 

Forohheimex:  Hydnalik  8 
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and  die  Yerteilungskuire  zwischen  Mitte  und  Umfang  als  Viertelellipse 
betrachten.  Im  einzelnen  zeigten  iibrigens  die  verschiedenen  Erhebnngen 
antereinander  betracbUiche  Unterschiede  and  fast  immer  bemerkUcbe 
UnregeknaSigkeiten^)  an  den  Stellen  r  ^O^Gt.  Erwahnenswert  ist  anch, 
dafi  H.  F.  Mills  f  als  er  ia  einem  Rohre  Ton  305  mm  Dmr.  die  Gescbwin- 
digkeit  yon  0,37  auf  4,09  m  sec"^  steigerte,  eine  Zonahme  des  Yerhalt- 
nisses  U:  Um»a.  von  0,829  aaf  0,856  fand*).  Dagegen  babe  sicb  in  einem 
Rohre,  in  das  Nietkopfe,  Aafienlascben  and  Rostansatze  (tubercles)  hinein- 
ragten,  das  Verhaltnis  —  0,809  gezeigt  A,  V.Saph  and  E.  W.  Schoder^ 
bestimmten  in  einem  nur  51  mm  weiten  Messingrohr  das  Verhaltnis  im 
Mittel  *«  0,827;  in  einem  Rohr  von  nicht  weniger  als  2,76  m  Dmr.  er- 
mittelte  MiUs  bei  U  darchschaittlich  »  0,72  and  0,93  m  secr^  das  Ver- 
haltnis U:  Umax  zn  0,857.  Nebenbei  bemerkt  bewirken  EinschntLrangen 
eine  gleichmafiigere  Verteilung  der  Geschwindigkeiten  iiber  den  Qaer- 
schnitt^),  wahrend  der  Wert  0,84  nach  WiUiams,  HubbeU  and  Fenkdl 
noch  bestehen  bleibt,  wenn  nicht  za  bedeatende  TJnregelmafiigkeiten,. 
wie  ein  halbgeschlossener  Schieber  oder  ein  einseitiges^  Hindemis,  eine 
ansymmetrische  Geschwindigkeitsverteilang  Yerarsachen^).  Beim  Aas- 
flasse  aus  einem  konischen  Mandstiick  wird  das  Verhaltnis  U:  Umax. 
nach  Freeman^)  zu  0,97. 

41.  BotUHiineBqB  Anaats  far  die  Keibnng.  Nachdem  bereits  B.  de 
Saint-Venanf)  erkannt  hatte,  dafi  die  Bewegung  des  Wassers  in  weiten 
Rohren  and  Gerinnen  nicht  erklarbar  sei,  wenn  man  nicht  annehme^ 
dafi  das  Wasser  in  ihnen  Wirbel  bilde  und  zwar  am  so  starker,  je 
grofier  der  darchflossene  Qaerschnitt  ist,  and  nachdem  er  weiter  bemerkt 
hatte,  dafi  die  yon  den  Wirbeln  stammende  Reibangsziffer  —  die  Tar- 
balenz  £  der  Gleichangen  14^  —  nicht  in  alien  Qaerschnittsteilen  gleich 
grofi  sein  mtlsse,  steUte  J,  J,  Boussinesq  fdr  die  Grofie  yon  b  Beziehun- 
gen  aaf,  die  za  der  yon  Basin  behaapteten  Geschwindigkeitsyerteilang 
fiihrten.  Dabei  beschrankte  er  sich  auf  die  beiden  GrenzfaUe  eines  sehr 
breiten  offenen  Kastengerinnes  und  einer  kreisformigen  Rohre,  weil 
zwischen  diese  beiden  Formen  alle  anderen  in  der  Praxis  yorkommen- 
den  Querschnitte  eingeschlossen  werden  konnen. 

Filr  sehr  breite  rechteckige  Gerinne  setzte  er  die  Turbulenz  ^  pro* 


1)  Am.  Soc.  Ciy.  Eng.  Trans.  47  (1902),  S.  46. 

2)  Ebenda  S.  204. 
8)  Ebenda  S.  312. 

4)  A.  Adams  u.  W.  E.  Wilson^  ebenda  S.  326. 
6)  Ebenda  S.  182. 

6)  Ebenda  S.  846,  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  416. 

7)  Annales  des  mines  (4)  20  (1861),  S.  49. 
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portional  dem  Produkte  ans  der  Gerinnetiefe,  der  Quadratwurzel  ans  einer 
Rankigkeitsziffer  £  in  m~^sec'  und  der  Randgeschwindigkeitw,^  namlich 

(59)  ^^-^YBu.h,  -' 

und  zwar  m'^tsec^  wenn  y  das  Eigengewicht  des  Wassers 

in  tm~'  und  K  eine  von  der  Rauhigkeit  der  Wand  unab- 

hangige  Konstante  des  Wassers  in  m'/^sec^  bedeutet.  Fdr  kreisformige 

Rohren  vom  Halbmesser  r  ist  seine  entsprechende  Formel 


T 

■ 

h 

_i_ 


(59  a) 


^-|T/^«.|f, 


WO  der  binzugefilgte  Faktor  —  das  Anwachsen  der  Turbnlenz  nacb  der 

Mitte  in  Recbnung  bringt.  AuBer  diesen  Annahmen  bezdglich  der  Tur- 
bnlenz im  InneAi  der  Fliissigkeit  ist  noch  eine  beziiglieb  der  Reibung 
an  den  Wandungen  notig.  Boussinesq  faSt  sie  als  StoSwir- 
knng  auf^  setzt  sie  demgemaB  der  lebendigen  Kraft  der 
anfiersten  Teilchen  proportional  und  schreibt  (in  t  m"^ 

(60)  Wandreibung  ^  yB u/. 

£s  werde  nun  ein  paraUelepipedisches  Wasserteilchen  betracbtet,  dessen 

Seitenflachen  lotrecht  und  parallel  zur  Stromrichtung  und  dessen  Ober- 

und  Unterflache  parallel  zum  Spiegel  seien^  welcher  die  geringe  Neigung  J 

babe.  Beistehende  Figur  stelle  den  mitt-    ^ 

leren  Scbnitt  durcb  das  Teilchen  dar,  und 

die  lotrechte  Ausdehnung  quer  zur  Bild- 

flacbe  sei  —  1.  Der  Mittelpunkt  des  Teil- 

cbens  babe  den  Abstand  b  Tom  Spiegel 

und  die  langs  des  Spiegels  gemessene  Ab- 

szisse  X.    Auf  das  Teilchen  wirken  bei 

gleichformiger^  also  an  alien  Querschnitten 

gleicher  und  unveranderlicher  Bewegung 

parallel  zur  Stromung  nachstehende  Erafte : 

eine  Eomponente  des  Oewichtes^  welche 

yJdxdB  beti^,  Drucke  ±pdg  auf  die 

Stimflachen,  welche  Drucke  sich  gegenseitig  auf  heben ;  endlich  Reibungen 

an  der  Ober-  und  Unterfl'ache.   In  der  Mitte  des  Teilchens  wiirde  die 

Turbulenz  eine  Reibung  €  ^    auf  der  Flacheneinheit  verursachen,  an 

der  Ober-  und  Unterflache  sind  die  Reibungen  aber  nicht  mehr  genau 
so  groB^  weil  hier  zwar  a  gemaB  (59)  denselben  Wert  hat,  nicht  aber 

^-  •   Die  beiden  Reibungen  betragen  yielmehr 

8* 


"'^^*, 
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^dz^    dz     2"  "■  ^  \dz  *  aV*  2  / ' 

Da  die  aufgezahlten  Erafte  keine  BeschleunigUDg  henrorrufen  sollen^ 
muBsen  sie  im  Gleichgewichte  stehen,  das  heiBt^  es  muB 

0  «  yJdxdz  +  B  j-^dxdz 

oder,  wenn  man  aus  (59)  den  Wert  von  b  einsetzt,  es  muB 

<61)  o  =  7+f«>^> 

flein.  Die  Integration  Ton  (61)  liefert  znnachst 

<61a)  0-J>  +  ^a.A|"  +  kon8t. 

Betreffs  der  Eonstante  ist  zu  bedenken,  daB  am  Spiegel  keine  Reibung 

stattfindet,  und  da  £  nicht  Null  wird  im  Ausdruck  b^-.  bier  ^r-  Null 

'  oz^  cz 

werden  muB.  Die  Eonstante  ist  also  zu  streichen  und  einfacb 

(61b)  o  =  j^  +  i^«,a|^ 

Oder  fur  die  Soble 

(61c)  0=.JA  +  ^«.AgjX^^ 

ZU  schreiben.    ELier  muB  zugleich  die  Flfissigkeitsreibung  zur  Wand- 
reibung  werden  oder 

<«i^)         '(rr),..-i»'^«.*§"L,--»'^«.' 

zutreffen^  woraus  in  Yerbindung  mit  (61c) 

(61  e)  J*  =  JBV 

hervorgeht,  sowie  statt  (61b) 


oder 


oder  integriert 


«-^v^"i:.«.+'a" 


—  I —  ^w,0*=  u  +  konst. 


oder  bei  Benicksichtigung,  daB  fdr  die  Sohle,  wo  z  =^h  ist,  u  » ti^  zu 
flein  hat, 

oder 

(62)  i_n.-Vl(l_i.). 
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Ahnlich  lassen  sich  ftir  das  Yerhaltnis  Umax  :  U  usw.,  ferner  ftLr  Rohren 
(wo  die  grofite  Oeschwindigkeit  TJm%^  nur  im  Mittelpunkte  herrscht  und 
£  nicht  mehr  konstant  ist)  Ausdriicke  ableiten^  und  zwar  gilt^) 

FUr  Kastengerinne  Fiir  Rohren 

(61d)  J»-B«,— ^',  Jt-^".*-5^, 

(62)      -=,  +  ^-(1-^5,       i_,  +  |^^(i_r5, 

(62.)  c-^  +  f,  '-J5  +  ¥. 

(62c)  e 


Umn  —  «  Kg* 

If       °"  Y"   A* 


(62d)  i^  =  l  +  |l, 


c 


LIvaax  ""■ 

u 

iK 

r» 

u 

3 

r»' 

U 

1  + 

15 

1 

c 

YoD  diesen  Gleichtmgen  stimmt  (62  c)  mit  der  von  Baein  gefundeneo 
parabolischen  Geschwindigkeitsskala  (56  e),  wie  man  erkennt,  wenn  man 
in  (62c)  TJ  durch  cyhJ  ersetzt,  denn  dann  erhalt  man 

(^^^  'Wr  ==  T  (t)  • 

Es  ist  bereits  auf  S.  99  bemerkt,  dafi  Bazin  in  seinen  Angaben  des  Eoeffi- 

zienten  Ton  \-j-\  etwas  schwankt  und  dafi  Bomsinesq  ihn  =  22,27,  nam- 

lich  K  ffir  Wasser  =  44,55  m*/* sec" ^  haben  will*).  Nach  (62a)  wird 
dann  in  jenen  Wasserlaofen,  in  denen  c  «  50m*/»sec~^  ist^  {Eytelwein 
gibt,  wie  sckon  mitgeteilt,  fQr  Fldsse  ungefabr  einen  solchen  Wert 
Ton  c  an),  JB—  l:(c---J^Z)*  =  0,00081  m"^ sec^  Boussinesq  prflfte 
ancfa,  ob  nach  Baeins  Versuchen  die  c  der  Gleichung  U=^  c")/B  J  far 
gleich  rauhe  rechteckige  und  halbkreisformige  Gerinne  tatsachlich  yer- 
schieden  sind.  Das  ist  der  Fall,  und  es  zeigte  sich  sogar  der  Unterschied 

nicht  nur  —-r Y"^i6'™^ m*/*sec"^,  wie  es  nach  Gleichung  (62a) 

sein  soUte,  sondern  =  5m'''«8ec'"^*)  Dieser  Unterschied  wird  in  der 
Praxis  zu  wenig  beachtet. 

Auch  den  spateren  Messungen  von  H.  Bazin  fiber  die  Geschwin- 
digkeitsyerteilimg  in  Rohren  (vgl.  Gl.  58  a)  hat  Boussinesq^)  seine  Theorie 
angepafit  und  durch  hohere  Approximation  hier  K  =  48,6m'^»sec"^  und 


1)  /.  Boussinesq,  Theorie  1,  S.  33,  34. 

2)  Throne  1,  8.  35. 

3)  Eaux  oouiantes,  S.  86. 

4)  Theorie  1,  S.  35. 

5)  Theorie  I,  S.  40. 


118  y.  Die  GeachwindigkeitBverteilang 

,„..  U^        ^    ,4,K     1        .    ,    12,96 

(64)  _^_l  +  __. __!  +  __ 

gefunden^).  Hieraus  folgt  bei  einer  Rauhigkeit,  die  bei  breiten  Gerinnen 
durcli  c  »  dOm^^^sec^  gekennzeichnet  ware^  fQr  diese  bzw.  fUr  Rohren 
und  Halbrobren 

(64a)  —  bzw.  -jF-  -  0,86  bzw.  -  0,81, 

(64  b)  -^  bzw,  -"•-  -  0,58  bzw.  -  0,50. 

Nach  (64)  wachst  -yf —  mit  c.  Bei  Bazins  Zementrohr  war  c  —  54,9,  bei 

den  Yon  WiUiams,  Hubdl  und  Fenkell  untersnchten  Rohren  lag  c  im 
allgemeinen*)  zwischen  60  und  TOmVisec*"^  Die  entsprechenden  Ver- 
baltnisse  TJ :  {/max  berechnen  sich  nacb  (64)  zu  0,809  bzw.  0,823  bis 
0,844.  Damit  stehen  die  oben  angegebenen  wirklichen  Beobachtangen 
im  Einklange. 

DaB,  wie  Gl.  (62  d)  ausspricht,  auch  in  Stromen  Ui  Ummx.  niit  wach> 
sender  Rauhigkeit  abnimmt,  hat  J.  Greve^)  nachgewiesen. 

Gemafi  (59)  hat  Boussinesq  in  sehr  breiten  Gerinnen  die  Tnrbu- 
lenz  €  konstant  gesetzt.  H.  HaJin,  G,  Herglote  and  K,  SchwaresAUd*) 
haben  nahere  Untersuchungen  iiber  die  Turbulenz  in  anderweitigen 
Querschnitten  angestellt  und  auf  Grund  der  JBaj?m schen  Beobachtungen 
geschlossen,  dafi  in  rechteckigen  ringsumschlossenen  Gerinnen  die  Tur- 
bulenz Qber  den  grofiten  Teil  des  Querschnittes  konstant  ist  und  nur 
nach  den  £cken  zu  abnimmt.  In  Ereisrohren  bleibt  a  fiber  etwa  zwei 
Drittel  des  Halbmessers  Ton  der  Mitte  aus  konstant,  um  erst  an  der 
Wi^nd  rasch  abzusinken. 

Die  genannten  Yerfasser  geben  dort  auch  eine  Methode  an,  um  den 
Ton  Boussinesq  a  priori  angenommenen  Ausdruck  ftir  die  Turbulenz  b 
(siehe  Gl.  (59)  und  (59  a))  mit  Hilfe  der  Messungsergebnisse  von  Bazin 
aus  den  modifizierten  ^av^erschen  Gleichungen  (14g)  abzuleiten.  FQr 
einen  in  der  a!;-Richtang,  gleichformig  und  stationar,  in  einem  Bette  von 
unveiunderlichem  Querscfanitte  flieBenden  Strom  gilt,  wenn  b  in  yer- 
schiedenen  Punkten  verschiedene  Werte  hat,  nach  Gl.  (14  g): 

1)  Throne  1,  S.  46. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  47  (1906),  S.  142,  159,  181;  siehe  auch  ebenda 
S.  845. 

3)  Neunter  internat.  Schiffahrtskongrefi  Dfisseldorf  1902,*!.  Abt,  15.  Mitt., 
S.  31.   Ygl.  auch  H,  Bazin,  Ann.  d.  ponts  et  chauss.  (5)  10  (1875),  S,  309  f. 

4)  Zeitschr.  Math.  Phys.  51  (1904),  S.  411  f. 
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dies  yereinfacht  sich  fUr  das  unendlich  breite  Gerinne  zu 

Darch  einmalige  Integration  findet  man,  wenn  0  vom  Spiegel  an  ge- 
zahlt  wird,  ^^ 

worauB  mit  Yerwendnng  der  von  Bcufin  gefondenen  Geschwindigkeits- 
verteilung  (Gl.  (56  e)) 

zmiachst  ^-  nnd  dann  die  Turbnlenz 

folgt.   Dieser  Ansdmck  kann,  weil  die  mittlere  Geschwindigkeit 
isL  auch  , 

40  40 

geschrieben  welrden,  also  die  in  Gl.  (59)  angegebene  Form  erhalten. 

Einen  ahnlichen  RechnungSYorgang  wenden  die  Yerfasser  aach  zor 
Ermittelung  der  Tnrbulenz  in  kreisformigen  Rohren  und  rechteckigen, 
ringsnmschlossenen  Eanalen  an. 

42.  Verhalten  in  Wandn&he.  Fast  alle  ^Geschwindigkeitsskalen'^ 
geben,  wie  oben  zn  ersehen^  eine  merkliche  Geschwindigkeit  des  Wassers 
an  den  Wandungen  an;  und  doch  steht  dies  in  Widerspruch  mit  der 
Wirklicbkeit.  FQr  Kapillaren  zeigte  E.  Duclaux^),  dafi  eine  netzende 
Fliissigkeit  an  der  Wand  haftet,  indem  er  in  eine  Thermometerrohre  un- 
gef arbten  tlber  gefarbten  Alkohol  fUllte  nnd  dann  von  unten  erwarmte, 
woranf  letzterer  ersteren  in  einem  kegelartigen  Strahl  durchdrang.  Bei 
der  wirbelnden  Bewegung  in  Fldssen  und  weiten  Rohren  scheint  aber, 
wie  die  Isotachenplane  zeigen^  die  Geschwindigkeit  sich  gegen  Wand 
und  Sohle  hin  einer  endlichen  Grenze  zu  nahem.  Hiemach  konnte 
man  gkuben,  dafi  bei  tbergang  der  geschichteten  in  die  wirbelnde 
Bewegung  sich  das  Wasser  von  der  Wand  losreifit.  H.S.Hele'Shaw8 
Yersuche')  haben  es  aber  aufierordentlich  wahrscheinlich  gemacht,  dafi 

1)  Annales  de  chimie  et  de  phyeique  (4)  26  (1872),  S.  472. 

2)  Inst.  NaTal  Archit.  Traos.  (39)  1897,  S.  145;  40  (1898),  S.  21;  Paris  C.  R. 
182  (1901),  S.  1806. 
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stets  an  der  Wand  das  Wasser  haftet  and  sicli  geschichtet  bewegt^  wenn 
auch  das  ubrige  wirbelt.  Er  machte  dies  ersichtlich,  indem  er  zwischen 
zwei  Glasplatten  eingeschlossen  am  Hindemisse  oder  zwischen  Fiihrangen 
Wasser  stromen  lieB,  dem  er  Luft  oder  gef  arbtes  Wasser  zutreten  lieS. 
Stets  bildete  sicb  an  dem  festen  Korper  ein  Inft-  oder  farbfreier  Saam, 
dessen  Breite  sich  langs  der  Oberflache  in  entgegengesetztem  Sinn  wie 
die  dortige  Geschwindigkeit  anderte. 

Ph.  Forchheimer^)  hat  die  Dicke  der  gleitenden  Schicht  aaf  Grand 
der  Voraussetzang  berechnet^  dafi  ah  der  Greaze  der  beiden  Bewegangs- 
arten  jene  Geschwindigkeit  u„  herrscht;  die  bei  Betrachtang  der  Be* 
wegnng  in  Fltlssen  and  Robren  als  Sohlen-  oder  Wandgeschwindigkeit 
angesehen  wird.  Fur  sie  gilt  dann  (vgL  (61  d)) 

Reibung  aaf  der  Flacheneinheit  =  yjBuJ. 

Andererseits  ist  gemafi  (11),  wenn  die  Gleitschicht  die  Dicke  a  besitzt^ 
weil  langs  dieser  Dicke  die  Geschwindigkeit  von  0  in  u^  tibergeht,  die 


demnach 


Reibang  aaf  der  Flacheneinheit  =  rj-^, 


a         '        w      '    c 
oder 

7J  7]C*U 


In  dem  von  Bazin  untersachten  80  cm  weiten  Zementrohre  war  bei- 
spielsweise  c*=  3012  m  sec~^,  w^  =  0,742  J7;  wonach  sich  mit  ri  fiir 
100  C  «  0,00001335  g  sec  cm -2  and  y  =  1  g  cm-»  die  Wandschicht- 

dicke  a  =  -' -  ergibt,  wobei  a  and  IT  in  cm  bzw.  cm  sec""^  anszadrilcken 

sind.  Die  oben  S.  55  erwahnte  Geschwindigkeitszunahme  in  Erdol- 
leitangen,  falls  man  das  Erdol  mit  Wasser  amgibt,  ist  ein  Beleg  far 
die  Anschaaang,  die  za  Gl.  (65)  fuhrte. 

VI.  Statton&re  StrSmnng. 

43.  Station&re  Strbmung  als  IJbergang  zn  gleiohfSnniger  Be- 
wegnng  in  Leitnngen.  Bei  der  stationaren  Bewegang  ist  der  Ge- 
schwindigkeitsznstand  zwar  nnabhangig  von  der  Zeit,  andert  sich  aber 
von  Ort  za  Ort.  Aaf  eine  solche  Bewegangsart  ist  man  zaerst  fast  nar 
bei  offenen  Wasserlaafen  eingegangen,  bei  welchen  die  Frage,  welchen 
Spiegel  sie  anter  gegebenen  Bedingungen  annehmen,  insbesondere  in 

1)  Encjklop&die  der  mathem.  WissenBchaften,  4.  Bd.  Mechanik,  3.  Teilband, 
S.  448  (1906). 
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der  Form  der  Frage  nach  dem  Stau-  oder  Senkungsspiegel  in  zahlreichen 
Fallen  der  Technik  wiederkehrt,  and  dadurch  seit  J.B.Belanger  zu  einem 
Ausgangspunkte  der  hydraulischen  Forschung  geworden  ist.  Auch  die 
▼erwandte  Frage  nach  dem  Eintritt  und  Auf horen  der  gleichformigen 
Bewegnng  wnrde  zunachst  nur  bei  offenen  Laufen  behandeit^  bis  J.Bous- 
sinesq  ^)  sie  anch  auf  geschlossene  Leitangen  ausdehnte,  nachdem  H.  Bazin ') 
an  einem  80  cm  langen  Zementrohr  einschlagige  Yersncbe  angestellfc 
hatte.  Von  diesen  Entwickelungen  Boussinesqs  werde  nur  kurz  mit- 
geteilty  daB  nach  ihm  von  der  Stelle  an,  in  welcher  die  am  Eintritt  in 
eine  R5hre  eingeschniirte  Stromung  bereits  wieder  den  ganzen  Quer- 
schnitt  ausf&llt,  noch  eine  Strecke  von  30  Durchmessem  und  in  kasten- 
formigen  geschlossenen  breiten  Gerinnen  von  der  Hohe  2h  noch  eine- 
Strecke  von  72  h  zur  Herstellung  einer  merklichen  Gleichformigkeit  der 
BeweguDg  erforderlich  ist  A.  Adams  und  W.  E.  WiUon^)  beobachteten 
spater,  daB  unterhalb  einer  Rohreinschniiruug  die  Geschwindigkeiten  in 
einer  Entfemung  von  ungef  ahr  35  DurchmeBsem  wieder  wie  in  einer 
langen  geraden  Strecke  verteilt  sind. 

Dafi  aber  auch  beim  Austritt  aus  einem  Rohr  eine  Anderung  in  der 
Geschwindigkeitsverteilung  erfolgt^  zeigt  ein  Yergleich^)  der  JBcurmschen 
Messungen  mit  denen^  die  J.  R.  Freeman  in  den  Mittelpunktsabstan- 
den  r  in  einem  Strahl  yomahm,  der  aus  einem  2r  weiten  MundstUck  eines 
Feuerwehrstrahlrohres  austrat.  Ygl.  die  folgende  Tabelle,  in  die  ftir  yer- 

schiedene  --  die  gemessenen  Werte  ftir  —^7—  nach  derFormel  (58  a) 

{Bazin).  und  J,  R.  Freefnan  eingetragen  sind 

~  -0,174    0,522    0,783    0,904    0,974    0,991 


-  "TF^      (^^w)  -  0,009    0,087     0,221     0,329    0,429    0,463 
„       (Freeman)  ^  0,024:    0,109    0,221     0,307     0,429    0,477 

44.  Die  Btationftre  Strdmung  als  gleiohformige  behandeit.  Die- 
einfachste  Behandlung  der  statiouaren  Stromung  besteht  darin,  dafi  man 
erstens  die  lebendige  Kraft  des  Wassers  vemachlassigt,  also  die  Arbeit 
nicht  berQcksichtigt,  welche  sie  erfordert  oder  leistet,  je  nachdem  das 
Wasser  stromab  beschleunigt  oder  verzogert  wird,  und  dafi  man,  zwei- 
ienSj  die  Reibungen  selbst  genau  so,  wie  bei  der  gleichformigen  Stro- 


1)  J.  Boussinesq,  Th^orie  2,  S.  64,  70. 

S)  M^m.  pr^8.  par.  div.  sav.  82  (1902),  Nr.  6,  S.  14. 

3)  Americ.  See.  Civ.  Eng.  Tians.  47  (1902),  S.  336. 

4)  M^m.  pr^B.  par.  div.  sav.  32  (1902)  Nr.  6,  S.  24  and  Amer.  Soc.  Civ.  Bag. 
Trans.  21  (1889),  S.  411. 
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mung  berechnet.  Man  kann  so  in  der  Tat,  wenn  die  Geschwindigkeiten, 
also  auch  die  lebendigen  Kiufte  nicht  groB  sind  und  der  Spiegel  keine 
scharfen  Eriimmungen  erleidet;  diesen  genQgend  genau  ermitteln,  wenn 
allenthalben  der  Umrifi  des  mehr  oder  weniger  hoch  ausfilllbaren  Bettes 
nnd  an  einer  Stelle  der  Wasserstand  gegeben  ist^  indem  man  sich  den 
Wasserlaaf  in  einzelne  kleine  Strecken  zerlegt.  Handelt  es  sich  z.  6. 
um  die  ^Stanknrve",  welche  ein  Wasserlauf  oberbalb  eines  Wehres  bil- 
det^  so  ^t  sich  zumeist  f&r  jede  DurchflufigroBe  Q^  U^F^  die  Spiegel- 
hohe  oberbalb  des  Wehres  angeben,  und  dann  kann  man  nach  einer 
Formel  fQr  gleichformige  Bewegung  —  z.  B.  der  Che/sys  —  zunachst 
das  Gefalle  J^  der  untersten  Strecke  ermitteln.    Da  der  Durchflufi  Q 

fiir  alle  Strecken  derselbe  ist  und  man  nun- 
mehr  anndhemd  den  durchflossenen  Quer- 
schnitt  F^  der  auf  die  unterste  Strecke 
stromauf  folgenden  kennt  und  hiermit  auch 
die  in  letzterer  herrschende  Geschwindig- 
keit  U^^  Q  '  ^if  <30  yermag  man  deren  Spiegelgef  aUe  e^  zu  bestimmen^ 
kennt  nunmehr  angenahert  F^,  sucht  U^  und  J^  und  fahrt  so  fort. 
Wenn  ein  Gefalle  J„_i  bereits  gefunden  ist^  kann  man  zur  Bestimmung 
Ton  F^  zunachst  den  Spiegel  der  Strecke  n  ~  1  yerlangem;  sollte  dann 
der  Spiegel  J^  in  der  Streckenmitte  wesentlich  vom  verlangerten  Spie- 
gel J^_i  abweichen,  so  ware  eine  verbesserte  Annahme  von  F^  und 
«ine  abermalige  nunmehr  zutreffendere  Berechnung  yon  J^  notig.  Man 
erhalt  durch  das  geschilderte  Yerfahren  eine  gebrochene  Linie^  die  yon 
der  Wehrstelle  stromauf  geht  und  bei  ziemlich  gleichformigem  Bett 
ihre  Hohlseite  oben  hat.  Zur  Ermittelung  yon  Senkungskuryen^  welche 
entstehen^  wenn  der  Spiegel  an  einer  Stelle  eine  kiinstliche  Senkung 
«rfahrt,  und  welche  bei  ziemlich  gleichformigem  Bett  ihre  Hohlseite 
unten  haben,  ist  in  gleicher  Weise  yorzugehen. 

Beispiel:  Sind  in  einem  Flnfilaafe  ftir  verschiedene  Wasserst&nde  (Durch- 
flflsse)  die  Staukuiven  zu  ermitteln,  wie  es  beifipielsweise  bei  Entwilrfen  von 
Wasserkraftanlagen  der  Fall  ist,  so  wird  Bich  zwecks  t^bersichtlichkeit  nnd 
rascher  Dorchfuhrung  empfehlen,  vorerst  fCir  jedes  der  gepeilten  Qnerprofile  die 
Kurve  der  Qnerschnittsfl&chen  F  nnd  die  der  mittleren  Tiefen  h  aufzntragen. 
Dies  erfordert  nur  geringen  Zeitanfwand,  da  gew5hnlich  zwei  bis  drei  charak- 
teristische  Punkte  zur  Festlegung  einer  solchen  Eurve  genugen.  Filr  jeden 
Spiegel  gibt  dann  sein  zwischen  der  betreffenden  Kurve  und  der  gew&hlten  lot- 
rechten  Achse  befindlicher  Abschnitt  das  zugehOrige  F  bzw.  h  an.  —  Nach- 
etehend  seien  zur  Darstellung  des  Verfahrens  aus  der  Reihe  der  Qnerprofile  zwei 
in  100  m  Abstand  aufeinander  folgende  mit  den  Eurven  der  Flachen  und  mitt- 
leren Tiefen  wiedergegeben.  Im  Profile  (n  —  1)  betr&gt  fur  einen  Durchflufi  von 
•68,2m' sec ^  das  Gef&Ue  /des  Stauspiegels  0,00017  und  liegt  der  Spiegel  auf 
der  HOhe  von  287,428  m  fib.  M.    Die  verl&ngerte  Staulinie  wurde  im  Profil  n  die 
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Spiegalkote  287,446  geben.  Man  w&hlt  venuchsweise  die  mittlere  Profiltiefe  h 
mit  1,00  m,  oder  die  Spiegelkote  mit  287,462  m  und  die  zugehSrige  Profilfl&che 
mit  88,0  m*.  Mit  e «» 87 ,  welcher  Wert  ans  DarchfluBerhebungen  im  Stau- 
bereiche  lich  ergibt  oder  beim  Fehlen  derselben  geschfttzt  werden  mufi,  folgt 
^  =  Fcl/S7—  89  .  87 1/1,176- 0,00024  =  64,8.    Der  Spiegel  war  aho  zu  hoch 


Briitin  1:1000 


angenommen;  287,461  zeig^  sich  zutreffend.  In  &hnlicher  Weise  wird  die  Be- 
rechnimg  der  Spiegelh6hen  flufiaafw&rts  weitergefQhrt.  Noch  sei  bemerkt,  dafi  bei 
Einbaa  eines  festen  Wehres  in  einem  geschiebefahrenden  Flnfi  immer  eine  Sohlen- 
bebong  eintritt  und  dafi  dies  eine  VergrOOerung  der  Stanweite  verurBacht.  Ist 
6ine  derartige  Yerilnderang  zn  gewftrtigen,  so  mufi  die  Stanrechnung  aaf  Grand 
einer  Annabme  ^ber  die  zu  erwartende  Yerschotterang  durchgeftihrt  werden. 

In  einem  eylindrischen  Bett  bilden  die  Querschnitte  der  yerschie- 
denen  Strecken  Teile  derselben  Figur.  Zieht  man  (zwischen  entsprechen- 
den  Grenzen)  wagrechte  Linien  dnrch  den  Bettquerschnitt;  so  stellen 
aufeinander  folgende  Qnergerade  Spiegel 
aufeinanderfolgenderLaufstellendar.  Fiir 
jede  Strecke  zwischen  zwei  solchen  Stellen 
kann  man  also  aiis  der  gememschaftUchen 
Querschnittsfigur  leicht  den  miUleren  Qaerschnitt  jFentnehmen  und  daher 
bei  gegebenem  Durchflufi  Q  das  zugehorige  Gef alle  J  berechnen.  Be- 
deutet  Ah  den  Hohenunterschied  zweier  aufeinander  folgender  Spiegel 
im  Qaerschnitt^  Ax  die  zugehorige  Streckenlange  und  betragt  das  Sohlen- 
gefalle,  welches  zugleich  fiir  alle  Erzeugenden  zutrifft,  i,  so  ist  das  Spiegel- 
gef alle  der  betreffenden  Strecke 

(66)  «^-»-S^> 
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worans 
(66  a) 


Ax  ==    r 


Ah 


i  —  J 


Jxi  -•  -^Xf*- 


folgt.   Man  erhalt  also  leicht  im  LaDgenscImitt  durch  Eintragung  der 
die  Querschnitte  teilenden  Schichtenlinien  und  der  Streckenlangen  A  a: 

eine  den  Stauspiegel  darstellende  ge- 
brochene  Linie,  deren  Gesamtlange 
aUerdings  wachst,  wenn  man  dieTei- 
lungslinien  naher  aneinander  riickt; 
bei  unendlich  nahenTeUungep  wurd& 
der  Stauspiegel  bis  ins  UneDdliche 
reichen  und  erst  dort  mit  der  Sohl& 
parallel  laufen. 
Bei  zylindrischem  Bett  kann  man  fur  einen  gegebenen  Bettumri& 
zu  einer  Staukurve  ohne  Bruchpunkte  gelangen,  indem  man  die  Einzel- 
strecken  unendlich  klein  wahlt  and  rein  analytisch  vorgeht.  Die  ein- 
fachste  Querschnittsform  ist  die  eines  Rechieckes  von  so  grower  BreitCr 
daB  man  die  Einwirkung  der  Seitenflachen  vemaclilassigen  kann.  FQr 
ein  solches  Bett  gilt^  wenn  wieder  i  das  SohlengefaUe,  x  die  stromab 
zu  messende  Lange,  femer  h^  die  Tiefe  im  UnendUchen  —  gleichbedeu- 
tend  mit  der  Tiefe  im  Endlichen  vor  Errichtung  des  Stauwerkes  — 
Jiq-^-  y  die  Tiefe  an  der  Stelle  x  bedeutet;  ahnlich  (66)  die  Oleichung 


(66  b) 


ax  ax 


Nach  der  Chegy  schen  Formel  ist  dann  die  Geschwindigkeit 

und  der  DurchfluB  fdr  die  Breiteneinbeit 
Da  im  Unendlicben  q  dieselbe  GroBe  hat,  gilt 


oder 


oder 


('-59(^'«+y)'-*'v 


idx 


(K  +  y)' 


(K+y)'-h< 


dy 


1  + 


8^+3^-,+  '' 


dy 


-/l*"  ,1,1  y_lvl.J.y!_     \du 
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Darch  Integration  erhalt  man 

flir  den  Fall,  dafi  eine  Senkung  der  Oberfiache  statthat  (wie  dies  z.  B. 
zufolge  AnsbaggerDiigen  geschehen  kann),  hingegen 

(66d)  ^•-Li„g„.t»_|i+|»i,+-^*;+j',|;_...+K„„t, 

wenn  die  y  nnnmehr  die  Senkungen  bedeuten.  Die  Erhebung  im  ersten 
und  die  Senknng  im  zweiten  Falle  verschwindet  erst  im  Unendlichen; 
•es  ist  daher  nicht  moglich,  den  Anfangspnnkt  der  x  dorthin  zn  legen, 
wo  y  =  0  ist.  Godecker,  welcher  die  Reihensumme  von  (66  c)  und  (66  d) 
Ausgereclinet  hat,  setzt  daher  x  =  0  fQr  y  »  0,0098  Jiq  und  gibt  auf 
Gmnd  dieser  Festlegung  Tabellen  (die  Buhlmann  veroffentliehte);  aus 

•denen  die  Werte  von  ,  -  fttr  die  zugehorigen  ~  zu  entnehmen  sind.*) 

Zwei  Beispiele  soUen  die  Anwendung  der  im  Anhang  beigefilgten  Tafeln 

•erl&utern.   Ein  Flufi  fvlhre  40  m'  Bec~^;   seine  mittlere  Tiefe  h^  an  ungestauter 

Stelle  sei  1,06  m  nod  sein  SohlengefB.lle  0^000115  m.    Darch   ein  Webr  werde 

•ein  Stan  von  1,6  m  H6he  enseugt  nnd  dabei  zn  wissen  yerlangt,  in  welcher  Ent- 

femung  stromanfwSxU  der  Stan  noch   0,6  m  betr9,gt?    LOsnng:   Am  Wehi  ist 

1  60 
i^rA^asB  ---;  =  1,428.    Der  Abszissenanfang   liegt  zufolge  der  Tafel  2,7676  A^.-i 

ss  26177,1  m  fltromanf  vom  Webr;  der Punkt,  fax  den  yih^^^  0,6  : 1,06  =  0,671  ist, 
liegt  zafolge  der  Tabelle  1,7689  h^:i^=  16069,6  m  Btromab  vom  Abszissenanfang, 
die  gesnchte  Entfemung  betr&gt  daher  9118  m. 

Es  werde  nan  im  selben  Flnsse  bei  gleicher  WasBerfuhrung  darch  eine 
Ansbaggemng  oder  ProfilBerweiternng  eine  Absenknng  von  0,60  m  erzengt.  Die 
Beantwortnng  der  Frage,  in  welcher  Entfemang  Btromaufw^rts  von  der  Ab- 
senknngBstelle  sich  die  Spiegelsenknng  aaf  0,80  m  verringert,  erfolgt  mit  Ver- 

wendang  der  anderen  Tabelle.    FOr  J'  «/— =  0,476  wird  *f=  1,0000  nnd  far 

Hq       1,05  hf, 

y  »a-_f — :^  0,286,  -=-  =  0,9866,  Bomit  betr&gt  die  gesuchte  Entfemung,  da  der 
*o       1,05  n^ 

Unterschied  der  ix:  h^  <=  1,0000  —  0,6866  »  0,0636  ist,  0,0636  •  1,06  :  0,000115 
»  680  m. 

In  ahnlicher  Weise,  aber  mit  Verwendung  der  i/^rman^A^schen 
Geschwindigkeitsformel  (49)  Z7=cJVaA%  hat  F,  Schaffemak^)  far  Flttsse 

1)  3f.  EUMmann,  Hydromechanik,  2.  Anfl.,  Hannover,  S.  483.  BuhlmamiB 
2ahlen  Bind  in  Tabelle  V  nnd  YI  des  Anhanges  wiedergegeben;  doch  mnfiten 
fanf  Werte  der  letzten  Spalte  von  Y  und  einer  der  letzten  Spalte  von  YI  vcr- 
bessert  werden.  F&r  y  ]>  ^o  ^"t  es  vorteilhaft,  durch  Division  eine  nach  Potenzea 
Ton  Aj':(Ao+y)*  geordnete  Reihe  zu  entwickeln.  Das  tat  /.  Dupuit.  Dieser  gab 
bereitB  kurzere  Tafeln  in  J^tudes  sui  le  mouvement,  Paris  1863,  S.  87  u.  297. 

2)  Bisher  unverOffentlicht. 
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mit  annahemd  rechteckigem  BettamriB  die  Form  der  Statdinie  ent- 
wickelt.  Bezeichnet  man  wie  friiher  die  FQllhohen  im  Endlichen  mit  hy. 
jene  im  Unendlichen  mit  \  und  mifit  man  die  Entfemungen  x  vom 

Wehr  stromaof,  bo  ergibt  sich 


.  ,   dh 


K*  +  £)    *''*-'*^''*oS 


und  somit 

(66  e) 


idx  = 


h^ 


h^^  hl^ 


dh. 


Die  Integration  liefert 

worin,  wenn  am  Welir  h,^  H  ist, 

wird.  Fiir  die  praktische  Yerwendnng  sind  im  Anhange  zur  Yermeidung 
zeitraubender  Interpolationsrechnungen  die 

(«=«)     »©-^-[p(r+T(^)'+-] 

und  die  zugehorigen  Verhaltniszahlen  h\\  in  einem  rechtwinkligen 
Eoordinatensystem  aufgetragen.  Die  Lange  der  Strecke,  in  der  die  Tief& 
Yon  H  auf  h  abnimmt,  ist  dann 

(661»  ,„_^[»@_*(,A)]. 

Beispiel  znr  Einfahruog  in  den  Gebrauch  der  beistehenden  Tafeln.  In  einem 
FluBse  betrage  bei  einer  WasBerfahrong  von  40  m'  sec  ^  die  Fi3llhOhe  \  im  nn- 
gestauten  Profil  1,20  m  nnd  das  ausgeglichene  Sohlengef&lle  0,00016.  EinWehr 
erzenge  0,60  m  Stan.  £b  ist  jene  Entfernnng  zu  eimittebi,  in  welcher  der  Siau 
noch  0,05  m  erreicht.    Nach  Gleichong  (66  h)  betra.gt  sie 


^'^"       0,00016  L     \1,20/  \1,20/J 


0,00016 

AuB  der  Tafel  S.  127  entnimmt  man,  da  1,70  : 1,20  »  1,417  und  1,2S :  1,20  —  1,04S 
iBt,  ftlr  *  Cfa^  ^d  4^  ir'^  die  Werte  1,226  und  0,820,  wonach  Zj  7.  ^  j..  =  7240  m 


.26 


folgt. 


Wie  die  Tafeln  Schaffernaks  zeigen,  wird  die  Funktion  *  \j-\  zu  Null 

fiir  hih^^  1^015,  also  fdr  eine  Stelle,  wo  der  Stau  fast  unmerkb'ch 
wird.  Hier  gilt  also  nahezu 


M.  Station&ie  StcOmang  als  gleichfSrmige  bebaudelt 


l,;f        1,S       1.4       1,0       1,S       1,7       1,8       1,9       Vfi       3,1       ^,i       li,a       i,4.       2,6 

Wenn  ferner  h  ^  2h^  iet,  gleicht,  wie  die  Tafeln  ebenfalls  zeigen,  9  (r-j 
angefahr  dem  Bruch  ^  •  Man  kann  daber  si^en,  daB  itti  gro^  Stau* 
boben  der  Stan  in  eiiier  Entfemuiig 
(66i)  i.._l^.»_^ 

vom  Webr  TerMhwindet,  das  ist  an  der  Stelle,,wo  eine  vom  Spinel 
Qber  dem  Webr  gezogene  Wagerecbte  die  FluBsohle  trifft.   Dies  gilt, 
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2.5       2,8        a,7       2,8       2,9        8,0       3,1       S,2       3,8       3,1       8,6       S.O       B.7       3,B 

wie  G.  Tolkmitt^)  gezeigt  hat,  sucli  tlli  parabolische  Quersdmitte,  also 
aUgemein. 

Fiir  die  Absenknng  erhalt  Schaffentak*)  gaaz  ahnlich,  wenn  an  der 
Stelle  a;  -  0  die  Tiefe  s  herrscht, 

c^i)  ;::-o(*:r+u.:)'+--ptf.r-i0--' 

nnd  bei  EinfUhrung  eitier  ebenfalla  aua  einer  bier  beigegebenen  Tafel 
zu  entnebmendea  Funktion 


i^)-p(r+i0+- 


1)  Gnuidlagen  d.  Waaaeibaak.  S.  Aafl.,  S.  127. 

2)  Biaher  unveTOETentlicbt. 


a.  Ststiou3xe  StrCintiDg  bIb  gleiohiSrmige  bahandelt 


die  I^nge  der  Strecke,  in  der  die  Tiefe  toq  s  auf  h  wachst, 
(66  k)        i„_.j,(^)^v(l-). 

Mit  dem  Stau  in  Betten  von  paraholischem 
Umrifi  hat  sicb,  wie  angedeutet,  G.  Totkmitt ') 
befafit  und  die  nStige  Hilfstafel  bereclmet. 
Weirn  er  sicli  aucb  darin  irrte,  dafi  sein  Ver- 
fahren  eich  f&r  natflrliche  Laufe  beseer  als 
das  von  Tiiihimann  beyorzngte  Dupailsi^a  eigne,  bo  behalt  es  docb 
Wert,  weil  es  fSr  manche  kflnetliche  Gerinne  paBt.  Bei  einer  Psrabel, 
die   bei   einer  FdUbdhe  h^  eine  Spiegelbreite  \  bietet,  ist  bei  einem 

1)  Handbnch  der  iDg.-WJBgenach.  3:  Waeserbau,  1.  Abt  1.  E&lfte,  3.  Anfl. 
(1S98),  S.  SS4.  a  a..  Wocheabl.  f.  Arcb.  n.  log.  3  (IRSl),  S.  98,  106;  G.  ToVcmitl, 
OrnndlAgeii  der  WuBerbaaknuat,  2.  AuS.,  Berlin  1907,  S.  1S3. 
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{l,0    0,01  0,0     0,01    0,02    0,08    0,01     0,06     0,06    0,07    0,08    0,0»     0,1 

Spiegelgefalle  J,  so  lange  das  Bett  im  Vergleich  zur  Breite  seicht  bleibt, 
Venn  die  FUUhohe  /i  betragt, 


44.  St«tionate  StiOmimg  all  gleichfQnuige  behandelt 


Alsillili: 
l...»l¥(Al-ll)(*)l 


"  '■     '1          "    ■"         M 

1     -■-!■-<    1 '. 

i-l  1.''      1  .  '    '!   -  ■■  :l  .■    '   1 !'""- 

H    ■— r^, 

li  -"il    it  w'  in  It   u  w    U   u   J    ji    u   u   u   jL 

1                                                                                1 

'HI-';-                 : 

(67) 


die  Spiegelbreite  6  =  ''ol'  E") 

die  durchstromte  Flache  F—  y  i/t  =-  y^o^l/ F' 

der  Profilrsdiua  ungefabr  ii  —  y^t 

die  Geschwindigkeit  P— cl/yAi/^, 

der  DurchfluB  Q-FU=l  ]/-  c6„  *'_=  j//! 
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Wird  das  Spiegelgefalle  J  darch  das  Sohlengef alle  i  ersetzt,  so  folgt, 
wenn  man  die  Lange  x  stromab  miBt, 


^       2  -1/2     ,     h^    -if.      ~dh 


Im  Dnendlichen  (oder  fttr  gleichformige  Bewegung)  ist  ^  "-  0  und  sei 


die  Wassertiefe  h^^  dann  ist  auch 

Die  beiden  Ansdriicke  fur  Q  geben  als  Differentialgleichung  der  Staakurv^e 
(67  a)  (i-._)fti«i/t^*     Oder    idx^^.^^^y 

deren  Integration^  wie  man  sich  darch  Differenzieren  von  (67  b)  dber- 
zeugen  kann, 

gibt;  worin^  wenn  der  Anfangspunkt  der  x  ans  Wehr  gelegt  wird  und 
hier  die  Tiefe  H  betragt^ 

ist.  In  der  Tat  liefert  die  Differentiation  von  (67  b) 

idx      ^  _  r  1  1       _  1  1        ,    1_        \      1  ,, 

V  "  K     Lv  ■  h  +  h^  ~  V  ■  fc'^^^  "^  "2"  ■  *'+*,'J 

oder 

Zur  Erleichterung  des  Ausrechnens  dienen  Zahlentafeln^  aus  denen  man 
die  Werte  von 

entnehmen  kann^).  Wieder  gilt  61.  (66h),  allerdings  mit  den  Funktionen 

F  statt  0,  also 

(67d)  ,,,_N[^g)_f(«)]. 

Die  i?t)^mann  Bcben  und  To/^*m»(t8chen  Rechnungen  wurden  von  J.Danck- 
werts*^)  fortgesetzt,  indem  er  von  einer  onter  46^  ansteigenden  Geraden,  welche 
dem  nngestanten  Spiegel  entspricht,  die  Yerhftltnisse  yih^  als  lotrechte  Ordi- 


1)  S.  Anhang  Tabellen  VII  und  VIII. 

2)  Zeitschr.  f.  Architektur  u.  Ing.  (2)  8  (1903),  col.  257,  anch  als  S.  A. 
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naten  anftrug  and  bo  je  eine  Enrvenschar  erhielt,  aus  der  der  gauze  Yerlanf 
eines  Staues  sich  leicht  entnehmen  l&fit.  Die  graphische  Auftragnng  vervoll- 
st&ndigte  er  dorch  eine  Zahlentafel. 

Eine  Aufoahme  Yon  Staulinien  von  16  km  Lange  und  bis  za  4^5  m 
Stauhohe  am  Wiener  Donaakanal^)  gestattet  einen  Yergleich  der  Yer- 
fahren  von  Schaffemak  (Gl.  66  f),  RiiMmann  (Gl.  66  c)  und  ToOcmitt 
(OL  67  b)  and  spricht  sehr  fdr  ersteres^  denn  dieses  ergab  als  maximale 
Abweichxmg  einer  Staulinie  9  cm  gegen  15  und  17  cm  der  beiden  an- 
deren  YerfahreU;  femer  3  cm  gegen  11  und  15  cm  bei  einer  zweiten 
Linie,  11  cm  gegen  19  und  21  cm  bei  einer  dritten  Linie  usw. 

46.  StationSre  Strdmnng  mit  der  Beibiing  der  gleiohfSnnlgen. 
Strdmnng  bei  Berfioksiohtigiuig  der  lebendigen  Exaft.  Bei  geringer 
Oeschwindigkeit  sind  die  entwickelten  Verfahren  brauchbar,  bei  grofierer 
f&hren  sie  aber,  wegen  der  Yemachlassigung  der  lebendigen  Krafte  zu 
unrichtigen  Ergebnissen.  Fiir  diesen  Fall  haben  unter  der  Yoraussetzung^ 
dafi  nur  allmahliche  Anderungen  des  Bewegungsstandes  eintreten  sollen 
(mouyement  permanent  graduellem'ent  varie)^  von  dem  femouZ^i sclxen 
Theorem  ausgehend^  zuerst  J.  B.  Belanger^),  P.  Vauthier^)  und  G,  Co- 
riciis^)  Beziehnngen  abgeleitet^).  Die  von  P.  Vauthier  etwas  modifizierte 
Bdangersche  Gleichung  lautet^  wenn  x  stromab  gemessen  wird, 

(68)  /-&£+"  "• 


2g    '    dx  2g  ' 

welche  sich  sofort  fQr  a  »  1  aus  der  oben  abgeleiteten  Gleichung  (20) 
ergibt^  falls  man  dieae  auf  das  Laugselement  dx  eines  Wasserspiegelg 
(f&r  den  p  allenthalben  gleich  ist)  bezieht.  Coridis  fclhrte  zuerst  in  daa 
letzie  Glied  den  Eoeffizienten  a  ein^  der  dadurch  begrtlndet  ist,  da£  die 
Geschwindigkeiten  nicht  gleichformig  verteilt  sind,  und  zwar  berechnete 
er  auf  Grund  zweier  verschiedener  Annahmen  fiber  die  Geschwindigkeits- 
verteUung  a  zu  1,16  oder  1,47,  wahrend  P.  Vautier  a  weit  kleiner  schatzte. 
Man  kann  sich  die  Gleichung  (68)  auch  klar  machen,  indem  man  von 
der  gleichfSrmigen  Bewegung  in  offenen  Laufen  ausgeht  und  annimmt, 
daB  jedes  niedersinkende  kg  Wasser  durchschnittlich  dieselbe  Reibung 


1)  £.  Kovarik  n.  B.  Ehrehberger,  Ost.  Wochenschr.  f.  d.  5ff.  Baudienst  IS 
(1912X  8.  746. 

2)  J.  B.  Btlanger,  Essai  box  la  solution  de  qnelques  probl^mes  relatifs  au 
moiiTeinent  pennanent  des  eaux  conrantes,  Paris  1828,  S.  10  u.  24. 

8)  Ann.  d.  ponts  et  chanss.  1836,  2.  sem.,  S.  862  f. 

4)  Ann.  d.  ponts  et  chanss.  1836,  1.  sem.,  S.  314  f. 

5)  Ygl.  zur  Geschichte  des  Problems  B.  de  Saint-Venant ,  Des  diyerses 
manias  de  poser  les  Equations  du  mouyement  vari^  des  eaux  courantes,  Ann. 
d.  ponts  et  chauss.  (6)  18  (1887'),  S.  148  f. 
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zu  Qberwinden  babe  wie  bei  der  gleicbformigen  Bewegung  and  daB  es 
sich  auBerdem  bescbleunigen  (oder  verzogem)  muB.  Zu  dem  Gref  alle  der 
gleicbformigen  Bewegung  tritt  dann  ein  Zusatzgefalle  fiir  die  Beschlea- 
nigung  binzu.  Betracbtet  man  eine  FIuBIange  dx,  so  ist  die  Gef  allsbohe 
zur  tJberwindung  der  Reibung  nacb  de  Chezy  (Gl.  (35)) 

die  zur  Bescbleunigang  notige  bei  gleicber  Gescbwindigkeit  aller  Teilchen 

dx¥^    ^^' 

der  Hobenaufwand,  der  als  Hobenunterschied  der  Spiegelpunkie  zum 
Ausdruck  kommt,  daber  tibereinstimmend  mit  (68) 

c^B  *   dx  '2  g 

Beriicksicbtigt  man  dann  wieder  die  ungleicbe  Gescbwindigkeit  der 
Einzelteilcben^  so  folgt 

(69)  'T^-^^^lP  +  af^^. 

worin  man  a  «  1,1  oder  ^%  zu  setzen  pflegt.    DaB  bei  einer  Beschlea- 

d    U* 
nigung  ein  groBerer  Eraftaufwand  als  -j-  -g—  notig  ist,  erscbeint,  wenn 

man  dem  Gedankengang  Coriolis'  folgt,  einleucbtend,  keineswegs  so 

sicber  ware  es  aber  dann,  ob  bei  einer  Verzogerung  die  aufgespeicberte 

lebendige  Kraft  wieder  roll  zur  Yerwendung  kame,  mit  anderen  Worten, 

ob  f^r  Bescbleunigung  und  Verzogerung  a  denselben  Wert  bat.   Erst 

die  Betracbtungen  BoussinesqQ,  der  aber  a  anders  begriindet,  machten 

dies  wabrscbeinlicb^). 

In  (69)  kann  fiir  gleicbmaBiges  Soblengef alle  i,  das  Spiegelgefalle, 

wenn  h  die  Wassertiefe  bedeutet, 

^  dh 

dx 

gesetzt  werden.  Der  DurcbfluB  JF  U  ist  unabbangig  vom  Querscbnitt  F 
an  alien  Laufstellen  gleicb  groB,  daber 

FdU+UdF^O 
und 


d 
dx 

^9 

= 

UdU 
g   dx 

- 

U^ 

dF 
dx' 

1)  ToJkmiU  im  Handbach  d.  Ingen.-WisBenschaften,  3.  Tail,  Wasaerban, 
1.  Abt.,  1.  Hftlfte,  S.  Aufl.,  1892,  S.  231  berucksichtigt  die  GeschwindigkeitohGhe 
Dur,  wenn  die  Geschwindigkeit  stromab  w9^hst,  also  Gef&lle  verbraacht  wird, 
nicbt  aber,  wenn  sie  sich  stromab  yermindert.   Damit  geht  er  wohl  zn  weit. 
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wonacb  bei  Fortlassang  des  Eoeffizienten  a  die  Gl.  (69)  auch  in  der  von 
A.  Bitter^)  gegebenen  Form 


dx       gF  dx  c^R 

scbreibbar  ist. 

Zur  Beziebung  (69)  sei  zanacbst  bemerkt^  dafi  man  mit  ibr  nacb 
Umwandlung  der  Differentiale  in  Differenzen  die  fiir  ein  unregelmafiiges 
sowie  fUr  ein  zylindriscbes  Bett  obne  RUcksicbtnabme  anf  die  lebendige 
Kraft  entwickelten  Y erfabren  obne  Scbwierigkeit  so  erweitem  kann,  daB 
sie  aucb  die  lebendige  Kraft  bertlcksicbtigen.  let  namlicb  ftir  eine  Strecke 
Ax  der  Spiegel  zanacbst  naberungsweise  bekannt, 

so  sind  es  bei  hekannter  Soble^  aucb  die  Quer.     fx — L""^ -*i 

scbnitte  jP^  und  jPj,  sowie  die  Profib»dien  B^  und 
B^  und  gilt  bei  gegebenem  Durcbflufi  Q 

femer  naberungsweise  fiir  das  Spiegelgefalle  dieses  Abscbnittes,  wenn 
jPj  stromauf  von  F^  liegt^ 

<'o)  -^^  -  h  (f  +  f )  +  ^  (^^*  -  ^«')' 

oder  wenn  man  die  Koef&zienten  c  vom  Querschnitt  selbst  abbangen, 
statt  iiberall  gleicb  sein  lafit, 

(70a)  J;,  -  I  (-^-^^  +  -^%)  +  ,;-  (  U^  -  U-) . 

Die  Beziebungen  (70)  und  (70a)  gelten  aucb  fdr  zylindriscbe  Betten, 
obne  dafi  (66  a)  seine  Geltung  verlieren  wiirde,  wenn  man  die  lebendige 
Kraft  in  Rdcksicbt  ziebt.  Man  bat  im  Gegenteil  in  letzterem  Falle  den 
nacb  (70)  oder  (70  a)  berecbneten  Wert  von  J  zur  Ermittelung  der 
Streckenlange  Arr  wie  vordem  in  (66  a)  einzusetzen. 

46.  Die  Staiikurve  bei  Beruokslchtigang  der  lebendigen  Kraft 
und  reohteokigem  Gtorinne.  Die  Integration  der  Gleicbung  (69)  leistete 
fiir  KaniUe  von  reckteckigem  Quersdmitt  bereits  J.  Dupuit  fiir  a  =  1 ;  fiir 
ein  beliebiges  a  tat  dies  U.  Masoni^.  Im  XJnendlicben  sei  i  das  mit  dem 
Soblengefalle  iibereinstimmende  Spiegelgefalle,  h^  die  Tiefe,  p  der  be- 
netzte  Umfang  (perimetre  mouille)  und  daber 

1)  A,  Bitter,  Lehrb.  d.  h5heren  Mechanik  2  =»  Lehrbuch  der  Ingenieor- 
Mechanik,  Hannoyer  1876,  S.  484.  Die  Bezeichnungsweise  ist  hier  freilich  eine 
recht  abweichende. 

2)  U.  Masoni,  Idraulica,  2.  Aufl.,  S.  488. 
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die  Breite  *^i>  —  2Aq, 

der  Querschnitt  =  Ao(P  —  ^K) ; 
der  Profilradius  ='\{p  —  ^h^)  '  P] 
es  mufi  weiter,  wenn  daselbst  die  Geschwindigkeit  Uq  herrscht^ 

i P  T]t     Oder     77  8=  ^^'^•^^""^*»^  - 


eeiu.  Ist  dud  h  die  Tiefe  an  beliebiger  Stelle,  so  mufi  des  tlberall  glei- 
chen  Dorchflusses  wegen 

zutreffen^  wonach 

^^  ^  cUh,\p^2h,) 

^™  ph* 

gilt.  Das  Oefalle  ist,  wenn  die  Langen  x  stromab  gemessen  werden^ 

dh 


der  Profilradius 


2^_    Hp-^K) 


2h+p'—2hQ 

und  daher  wird  (69)  zu 

._dh        2h  +  p-2h,    cHWp-^2\)  d^c^ih,*{p--2h,) 

*        dx"    c*hip-2h^)  ph*  "^^dx  2gph*  '^ 

oder  da  im  letzten  Glied  nur  h  Tariabel  ist^  nadb  Differentiation  zu 

dx  h'  P  9  P^*  d^ 

oder  zu 

n'  p  g  pn*  ^ 

1%  p  p 

Wird  der  Einfachheit  wegen  der  unveranderliche  Bruch 

9        ^ 
gesetzty  so  entstebt  aus  (71) 

(71a)  idx ^, — ^-!-dh. 

Die  Integration  von  (71a)  ist  nicht  schwierig,  aber  langwierig,  und  so 
soil  die  Losung  angegeben  und  durcb  Differentiation  ibre  Richtigkeit 
bewiesen  werden.  Die  Losung  lautet 
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h 

*  O     I     o  O  _  0 

(72)         ix^h  +  ^ —j-^  log  nat '^^'^•'^^ 

,.       — 8  +  8(J  +  12^  — 6p^-8-V  oi   ,   I 

+  -^  ~f-=-  -^ ^  arc  tang  —^±^_-^  +  C. 

Die  Differentiation  des  Logaritbmus  gibt 


h-K 


iind  daher  die  dee  betreffenden  Gliedes 

^  ,  8fc-8j?^  +  6lS-^*  +  8*o-3/JA.+  6|S^-4^  +  4/J^-8/J-V 
h^*  rir^         I  0  roiTp  P  P  P 


(3-2^)  (h-\)(h*  +  h,h  +  V-2^') 


Die  Differentiation  des  Arcastangens  gibt 


s  1  ■-''  r  '     '  p 


K  j/s  —  8  "• 


'y     p     v(3-8-*')     ^  *^ 

ond  daher  sein  YoUstandiges  Glied 

V(-3  +  S<J  +  12^«-6^|^-8|;) 


2  (S  -  2 ^)  (/.•+  h,h  +  h,*-'i ^ 


p/  \      ■     -      ■     '  p 

Wenn  man  (72)  differenziert,  erhSlt  man  hiemach 
(72a)       »^-l+  '^•'^ 


dh 


2  (a  -  2  ^•)  (*•+  ^ft  +  fc.'-  2  ^)  (»  -  ft.) ' 


worm 

+  (A-A,)(-3  +  3^  +  12^-6/J^-8*».') 

=  12-»*  -  8^A  +  6Ao-  6jSA„-  16^'  +  16^^  +  8^  -  8/3-** 

Jf  Jf  if  IT  Mr  Mr 

-4|*(3-2^)  +  2Ao(l-/J)(3-8^'^  +  4^»;). 


138 


VI.  Station&re  StrOmung 


Z  ist  oflfenbar  durch  (3  —  2^)  teilbar  und  so  laBt  sich  Gi.  (72  a)  zur 
Gleichnng 


(72b) 


1  + 


(fc'+fc,A  +  V-2j)(fc-ft.) 


Tereinfaohen,  die  bei  aaderer  Schreibweise  ron  Zahler  und  Nenner  des 
Bruches,  die  Form 

V  +  2^'(A-A.)-PV(l-2^) 


.dx 
'dh 


1  + 


A'-^'-^(^-^) 


annimmt,  in  welcher  man  ihre  tTbereinstimmung  mit  dem  Ausdmcke 
(71a)  Bofort  erkennt.  Die  angesetzte  Losung  (72)  trifft  also  tatsachlich 
zu.  Wenn  in  (72)  fiir  ic  —  0  die  Wassertiefe  A  =  0  sein  soil,  so  bedeutet 
dies,  dafi  die  Eonstante 


(7--^. 


1-^  +  2^^ 

j—^  log  nat 

8-2^ 
P 

—  8  +  3/5  +  12-^  — 6fl^  — 8^ 


1-2^ 
P 


8  —  2 


yiT 


arc  tang 


8ft,  lA     8*» 


V'- 


P  f  P 

ZU  machen  ist^  womit  sich  fur  die  Spiegelkurve  der  Ausdruck 

K  /.      1^ 

P 


(72c)     ix=^h  + 


1-/^  +  2^^                 Q,--h,yli-^^) 
^  log  nat ^^ —     ^ 


8-2^ 
P 


P 


+ 


A.* 


_8  +  8fl  +  -'^-6fl^-8\' 

P  P  P 


8-2^ 
P 


]A  -  8  ^ 


arc  tang 


2h  +  h, 


y,- 


^     —  arc  tang  — 

^^  ]/8- 


8-« 
P 


8^ 
PJ 


ergibt.  Die  Besprechung  der  Kurveneigenschaften  soli  hier  unterbleiben, 
weil  dieee  Eurve  im  allgemeinen  jener  ahnelt,  die  sich  bei  grofier  Breite, 
also  p  ^  ooy  ergibt.  Es  werde  nur  bemerkt,  daB  der  Logarithmus  fQr 
h  ^Jiq  negativ  unendlich  wird,  also  auch  a;  =  —  oo  wird.  Im  Unend- 
lichen  stromauf  fallt  daher  der  Stauspiegel  mit  dem  der  gleichformigen 
Bewegung  zusammen.  Die  Neigung  der  Eurve  gegen  die  Sohle,  namlich 
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dh 
dx 


P 


wird  dort  Noll,  also  der  Spiegel  zur  Sofale  parallel,  wahrend  fQr 

A-A„|/^(l-2^) 

die  Euryentangente  senkrecht  zur  Sohle  abfallt. 

47.  Die  Stankurve  bei  Berdokfliohtigimg  der  lebendigen  Kralt 
xmd  paraboliBOhem  Gerinne.  Bei  flachem,  parabolischem  Quersclinitt 
gelten  wieder  die  Ausdriicke  (67)  und  da  im  Unendliclien  abermals 
gleichfSrmige  Bewegung  herrscht,  hat  man  bei  gleicber  Bezeichnung 
wie  oben 


U 


F 


3 


l/ic»A>^:iMl/i-y?^^ 


]//l« 


Oder  als  Gl.  (69) 


2  c»i*o* 


T      .      dh       Z     h 

dx  2 


a       ^cU\^dh       i\*       acU\^dh 


3 


c^h 


dx 


h*' 


g      h^  dx 


oder 


h  *  k  ^ 

idx  —  dh^i^dx  -—  \dhy 


wemi  man 

(73)  K'KV— 

setzt.  Es  folgt  weiter 

(73»)       (**_V)»-(A*-V)|^     Oder    idx-'^^^,dh, 

derbn  Integral 

(73b)     ix^h-  '•^i^^f'-[logBat  ^  +  2arctang^]  +  C 

lautet.   In  der  Tat  gibt  (73  b)  differenziert 


idx^dh-'^A 


1 

MA 


h-^K 


+  2 


1^ 


+(i) 


0'     _J 


dh 


also  wieder  die  integrierte  Gleichung.  Urn  die  Tolkmitt^aAiQ  Tafel  fUr 
diesen  Staufall  benutzbar  zu  machen^  werde  berilcksicbtigt;  dafi  in  ihr 
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[T"><!"'^J:+l-'-8£l-^-f(5) 

ist;  da£  sonaeh  (73b)  in 


tx 
oder  in 


Terwandelt  werden  kann,  wonach  die  Entfemung  zweier  Punkte,  welche 
die  Wassertiefen  h  nnd  H  haben^  bei  Beriicksichtigung  der  lebendigen 
Kraft  (vgl.  (67  d)) 


betragt.  Aus  (73  a)  geht 

bervor,  wonach  der  zweite  Differentialquotient  fur  den  ganzen  Verlaaf 
der  Kurve  dasselbe  Yorzeichen  bat  und  zwar  das  positive  oder  negative, 

je  nachdem  Aj^^  Jiq  ist.   Wenn  ^,-  positiv  ist,  wacbst  ^v  stromab^  das 

beifit,  wird  die  Spiegelneigung  stromab  immer  flacber.  Je  nacbdem 
^1  >  A|j  oder  ij  <  h^  ist,  kebrt  also  die  ganze  Kurye  (73b)  ibre  Hobl- 
seite  stromab  oder  stromauf  (was  nicbt  mit  nnten  und  oben  zu  ver- 
wecbsebi  ist). 

48.  Die  Stankurve  bei  Beniokfliohtigung  der  lebendigen  Kraft 
und  sehr  grofier  Breite.  Breite  Gerinne  von  flacber  Soble  konnen  als 
recbteckige,  yon  endlicber  Tiefe  aber  nnendlicbem  benetztem  Umfang 
aufgefafit  werden,  so  dafi  die  Gl.  (71)  mit  |>  =  oo  oder 


gelten  mufi  oder,  wenn 

(74)  ^'KV~ 

gesetzt  wird, 

(74a)  idx  -  fe-.rfA  -dh  +  I'^U^, 


*»-A,»-"       "■'   '   fc»-fc. 


woraas 


a4b)     j5;-^----^.-(^lognat--+^;J.---^arccotg-j^±--l+C 


beryorgebt.  In  der  Tat  gibt  (74  b)  differenziert 
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idx        dh        Ao'— *'fl         2fc  +  Ao  12  1  2:y%h 


K  *o  *o' 


(1      2/i  +  fto  12  1 2ryu^___ 

_dh_  Vz^ /__  JL'»^o+ V  ,  ^0  1  ,. 

also  die  gegebene  Differentialgleichang  (74  a).  Nattirlich  laBt  sich  (74  b) 
auch  unmittelbar  aus  (72)  ableiten,  indem  man  den  benetzten  Umfangp 
onendlich  grofi  werden  lafit^  /3  durch  Ar^ :  h^^  ersetzt  and  beachtet,  daft 

arc  tang  =*  -«-  —  arccotg  ist,  also  mit  dem  t^bergang  von  der  Winkel- 

fbnktion  znr  Eofanktion  eine  in  der  Formel  nicht  bemerkbare  Anderung 
der  Integrationskonstanten  verbunden  ist. 

J.  J.  Ch.  Bresse^)  hat  Zahlentafein  (siehe  Tabelle  IX  im  Anhang)  be- 

rechnety  in  denen  fiir  yerschiedene  Werte  von  -r-  die  entsprechenden  von 


dh 


K 


T,(h\        1  ,  h^  +  hh^  +  \*        1  . 


2h  +  h^ 


1/3  °     |/3J^p 

angegeben  sind^  so  daB  man  die  Entfemung  zweier  Pnnkte  von  den 
Wassertiefen  H  und  h,  also 

hat. 

Die  Differentialgleichung 

(74  a)  idx  =  TLa_c-8^^ 

eignet  sich  zur  Diskussion  der  Staukurve.  Nach  (74  a)  ist 
<74d)  .d«x_8A.(*._^.) 


9\%      J 


dh*  (^*— /^o') 

wonach  (wie  beim  parobolischen  UmriB)  die  gesamte  Kurve  ihre  Hohl- 

d*x 
«eite  der  A^Achse  entweder  zukehrt  oder  abkehrt.  Fftr  lc>\,  ist   ,,^ 

positiV;  wachst  also  ^  standig  stromab;  oder  wird  der  Spiegel  stromab 

immer  fiacher,  wendet  also  die  Kurve  ihre  Hohlseite  dem  Unterlauf  zn, 
wahrend  fQr  k  <\  das  Gegeuteil  der  Fall  ist  und  die  Hohlseite  der 
Kurve  dem  Oberlauf  zugekehrt  ist.  Dabei  kann  in  beiden  Fallen  die 
Hohlseite  sowohl  nach  oben  (gegen  den  Himmel)  als  nach  unten  (gegen 

die  Sohle)  zu  liegen  kommen.  Unendlich  wird  -^  far  h=^k=^ hoy ; 


1)  Bresse  entwickelte  die  Differentialgleichung  mit  a  »» 1.    Coars  de  m^ca- 
nique  appliqnee,  2.  partie,  Hjdianlique,  Paris  1860,  S.  221. 
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es  gibt  also  einen  —  aber  auch  nur  eiiien  einzigen  —  Punkt  mit  senk- 
recht  zur  Sohle  abfallendem  Spiegel.  Freilich  Terlieren  die  fQr  die  nn- 

gleichfdrmige  Bewegnng 
anfgestellten  Beziehungen 
in  der  Nahe  dieses  Punk- 
tes  ihre  Giiltigkeit. 

Der  Spiegel  wird  nahe- 
zu  parallel  zur  Sohle,  oder 

3—  wird  sehr  klein,  wenn 
ax  ' 

A»-V  verschwindet, 
dann  verlieren  im  Aus- 


reehle^umn  Me 


%X 


-yva^reMeMyntnlote 


dnick  (74  b)  fQr  ^  (in 

dem  man  sich  den  Log- 
arithmus  des  Bmches  als 
DifPerenz  geschrieben  den- 
ken  moge)  alle  Glieder  an 
Bedeutung  neben 


^»-A:« 


•  lognat  (A  — Aq), 

welch  letzteres  Glied  fttr  ft  <  A©  negativ,  filr/ft  >  \  positiv  unendlich 
wird.  Der  tTbergang  in  gleichformige  Bewegung  liegt  daher  im  ersteren 
Falle  unendlich  weit  stromauf,  im  zweiten  unendlich  weit  stromab.  Die 
Ursache,  dafi  die  gleichformige  Bewegung  nicht  tiberall  herrscht,  ist 
dann  umgekehrt  im  ersten  Falle  stromab,  im  zweiten  stromauf  zusuchen* 
FUr  diese  Euryenaste  lafit  sich  also  sagen,  dafi  sie  ftir  lt<,\  Ton  den 
Bauten  im  XJnterlauf  (z.  B.  Stauwehr,  Stufe  in  der  Sohle)  abhangen,  fiir 
ft  >  A©  ^^^  jenen  im  Oberlauf  (z.  B.  Schiitz,  zwischen  dessen  TJnterkante 
und  der  Sohle  das  Wasser  aus  einem  Teich  ins  Qerinne  fliefit).  Wird 
willkftrlich  festgesetzt,  dafi  der  Anfangspunkt  der  x  im  Schnittpunkte 
der  Staukurve  mit  der  Sohle  liegen  soil,  also  dafi  fiir  A  —  0  auch  a?  =«  0 
sei,  so  mufi 

~~      |-g-  lognat  1 =  arc  tang  "l/SJ  +  C 


0«- 


*o' 


}/3 


^0' 


8  1/3 


sein,  wodurch  (74  b)  zu 


ysft, 


+ 


« 


8V3 
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wird.  Fdr  den  Enrvenpankt  A  »  A;  (das  ist  der,  dessen  Tangente  senk- 
recht  zar  Sohle  steht),  ist  dann^  falls  man  den  absoluten  Wert  des 
zweiten  Oliedes  der  recbten  Seite  mit 

«  "-•  ±  (     x  t    )    -w-  log  nat  ^  X  ^  ,71 7=  arc  cofcg-^^ 

^\     ^*     /16       o  {K—^y  1/3  ^    yi\  3l/8i 

bezeichnet^  die  Abszisse 


^k- 


k'^a 


wobei  das  Minuszeicben  fUr  %  <  %o  und  das  Pluszeicben  fur  A;  >  %q  gilt« 
FUr  h  imendlich  grofi  positiy  oder  negatiy  yereinfacht  sich  (74  e)  zu 

tx^h S.T—  ->-  arc  cotg  -= -  , 

^0        l>/8  V^K        3}/3i' 

welcliem  Ausdmck  anendlich  yiele  Losungen  entsprechen.  Dasselbe 
war  aber  eigentlich  anch  bei  Gl.  (74  e)  der  FaU,  welcher  imendlich  yiele 

Knrven  entsprechen,  die  alle  um  je  — .,  ,  — -^  gegeneinander   in   der 

a;-Bichixmg  yerschoben  sind.  Es  werde  daher  nnn  die  Festsetznng  ge- 
troffen',  dafi  der  arc  cotg  nur  yon  0  bis  %  zugelassen  werde.  FtLr  die 
grofien  positiyen  oder  negatiyen  h  ist  dann 

i^»A-(^^-^      bzw.      ^h+'-^-^. 

Nnn  betragt  die,  allerdings  nicht  lotrechte,  sondem  in  der  %-Richtung 
gemessene  Erhebnng  eines  Punktes  Uber  eine  dnrch  den  Ursprung 
(fc  —  re  —  0)  gelegte  Wagrechte 

h\ —  ix. 

Yorstehender  Ansdruck  besagt  daher,  daB  die  betrachtete  Staukurye 
sich  bis  znr  senkrecht  zur  Sohle  gemessenen  Hohe 

fiber  den  XJrsprung  erhebt,  bzw.  bis  zur  Tiefe  2f  unter  ihn  hinabsinkt, 
wenn  t  <  fc©  i^t,  wobei  freilich  der  Kurye  in  dieser  Tiefe,  wo  sie  bereits 
unter   die  Sohle  faUt,   keine  hydraulische  ^/^^  punkt 

Bedeutung  mehr  zukommt.    Fiir  Ic  >  h^  ist  / 


8 
'0 


su  setzen,  wenn  es  positiv  sein  soil,  und  ist  "^ 

der  eben  ausgesprochene  Satz  dabin  zu  andem,  dafi  senkrecht  zur  Sohle 
gemessen  die  Kurye  bis  zur  Tiefe  f  hinabsinkt  und  bis  zur  Hohe  2  f 
hinaufreichi  Wenn  h  unendlich  grofi  wird,  wie  dies  yorausgesetzt  wurde, 
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wird  gemaB  (74  a)  t—  ■=  i,  daher  die  Tangente  im  betreffenden  Kurven- 

ponkte  wagrecht.  Die  in  schraggemessenen  Abstanden /*  bzw.  2/*yoiiiUr- 
sprang  gezogenen  Wagrechten  bilden  daher  Asjmptoten  der  Staukarve. 
Bei  alien  bisherigen  Betrachtungen  hat  es  sich  gezeigt,  daS  die 
Staukurye  einen  verschiedenen  Charakter  besitzt^  je  nachdem  Tc  kleiner 
oder  grofier  als  die  Tiefe  h  ist^  die  das  Wasser  bei  gleichformiger  Be- 
wegaog  annimmt.  In  der  Zeichnung  der  Staukarven  aaf  Seite  142 
kommt  dies  noch  klarer  zum  Aasdruck.  Dieser  verschiedene  Charakter 
hat  B,  de  St.  Venant^)  bewogen,  die  Wasserlaafe  fiir  die  k  <  Jiq  oder  das 

SohlengefaUe  i  <  --^  ist  als  Fliissey  jene  fflr  die  A;  >  A^  oder  »  >  -^ , 

ist^  als  WUdbache  zu  bezeichnen.  Bei  beiden  Laufen  kann  man  die  Stau- 
kurve  als  ans  drei  Asten  bestehend  betrachten^  Ton  denen  zwei  an  der 
Stelle  zusammenhangen,  wo  die  Eurventangente  senkrecht  zur  Sohle 
gerichtet  ist;  ein  dritter  Ast  yerlauft,  ohne  die  beiden  anderen  zu  treffen, 
yom  positiy  zum  negatiy  Unendlichen  nnd  lafit  bei  den  FlUssen  das 
zusammenhangende  Astepaar  unter  sich  liegen,  wahrend  er  bei  den 
Wildbachen  unter  das  Paar  taucht.    Die  drei  Aste  entstehen  bei  den 

Fldssen  etwa  folgendermafien: 

Der  aufsteigende  Ast  a  durch  Austritt 
yon  Wasser  unter  der  Eante  eines  etwas 
gelQfteten  SchUtzes, 

der  anschliefiende  Ast  h  durch  eine 
Stufe  oder  einen  Enick  in  der  Sohle, 

der  Einzelast  c  durch  ein  stauendes 
Hindernis. 

Die  Aste  h  und  c  werden,  wie  schon  gesagt,  in  ihrer  Lage  durch 
die  Beschaffenheit  festgelegt,  die  der  Flufi  stromab  aufweist,  der  Ast  a 
jedoch  durch  einen  Bau,  der  sich  stromanfwarts  befindet.  Hieraus  geht 

hervor,  daB  sich  fttr  die  betreflfende  FluB- 
strecke  h  und  c  ausschlieBen,  ferner  daB 
a  keineswegs  jene  Lage  gegeniiber  h  und 
c  besitzen  muB,  die  er  gemaB  der  ein- 
heitlichen  Gleichung  (also  auch  gemaB 
der  Figur)  haben  mtlBte.  Im  Gegenteil 
Icann  a  gegentiber  c  in  der  a;-Richtung 
sowohl  stromauf  als  stromab  v^erschoben  werden^  und  mufi  a  stromauf 
gerdckt  werden,  wenn  ein  Ast  h  folgen  soil.  Den  Ubergang  yon  a  mh 
oder  c  yermittelt  die  Stelle,  in  der  A  =  i  wird,  da  hier  eben  die  Stau- 


WUdbaofa 


1)  Ann.  des  mines  (4)  20  (1861),  8.  820  u.  Paris  C.  R.  71  (1870),  S.  194. 
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kurre  nicht  mehr  den  wahren  Wasserspiegel  wiedergibt.  —  Bel  den 
Wildbachen  entfiteht  der  Einzelast  a  durch  Austritt  unter  einem  SchfLtz^ 
der  untere  Ast  b  des  Paares  durch  Znlauf  aus  einer  Strecke  mit  flacherem 
Spiegel,  der  obere  Ast  c  des  Paares  durch  ein  stauendes  Hindemis.  Hier 
schliefien  sich  a  und  b  gegenseitig  aus,  wahrend  sowohl  a  als  6  ge- 
meinschaftlich  mit  c  auftreten  konnen,  wobei  der  Anschlufi  durch  einen 
plotzlichen  Sprung  fiber  die  Stelle  von  der  Tiefe  h^Jc  Tor  sich  geht. 
Der  Ast  a  ist  gegen  c  recht  yerschiebbar,  und  b  mu6  gegenilber  c  in 
der  x-Richtung  stromauf  gertlckt  werden,  wenn  b  und  c  in  gleicher 
Bachstrecke  liegen  sollen.  Den  erwahnten  Sprung  hat  G.Bidone^)  zu- 
€rst  beobachtet  und  J.  B,  Bdanger^)  der  Rechnung  unterzogen.  Er 
bildet  den  auffallendsten  Unterschied  zwischen  den  ,,Fltlssen^'  und 
^Wildbachen'^  tJbrigens  macht  Boussinesq^)  aufmerksam,  dafi  auf  der 
Strecke  zwischen  Wehr  und  Wassersprung,  also  ffir  h'>k,  jeder  Wild- 
bach  ,,still^'  yerlauft,  namlich  unfahig  ist^  sich  zu  erheben,  jeder  Flufi 
hiugegen  zwischen  einem  SpannschtLtz  und  dem  nachfolgenden  Wasser- 
sprung,  also  soweit  h<h  bleibt,  „wild''  sei.  Diese  Ungleichungen  kann 
man  welter  umwandeln,  wenn  man  bedenkt,  dafi  nach  (74) 

OH)         i-KV^-yw 

ist^  worin  Uq  die  Qeschwiudigkeit  bei  gleichformiger  Bewegung  bedeutet. 
Aus  der  Gleichheit  des  Durchflusses  an  alien  Laufstellen  folgt  namlich 
weiter 


und 


wonach  statt  h'>1c  auch 


KU^-hu 


-V-W-' 


^  a 


geschrieben  werden  kann  und  man  ein  Geschwindigkeitskriterium  fiir 
die  Entscheidung  der  Frage  besitzt,  ob  das  Wasser  ,yStill^'  oder  ,,wild^ 
lauft. 

49.  BonssinesqB  Stankurve  bei  gleichfdrmigem  Sohlengef&lle 
mit  Vemaohlftssigong  der  Spiegelkriimmung.  In  voUkommenerer 
Weise  als  bei  den  bisher  wiedergegebenen  Theorien  behandelt  J.  Bous- 
sinesq^)  das  Stauproblem.  Er  weist  darauf  hin,  dafi  es  in  letzter  Linie 


1)  Torvnoy  Memorie  25  (1820),  S.  27  f.  —  Siehe  auch  unten  S.  192. 

2)  /.  B.  Bdanger,  Essai  sur  la  solution  num^rique  de  quelqaee  probl^mes 
relatifs  an  mouTement  permanent,  Paris  1828,  S.  31. 

3)  J.  Boussinesq,  Eanz  coorantes,  S.  154. 

4)  Ebenda,  S.  102,  487. 
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doch  nor  die  Aufienreibung  sei^  welche  eine  fortgesetzte  BeschleuDigusg 
des  abwarts  fliefienden  Wassers  hintanhalte,  dafi  also  eine  begrtLndete 
Staatheorie  auf  einer  richtigen  Bewertung  jener  AuBenreibung  beruhen 
mUsse.  Baussinesq  trachtet  daher  die  durch  die  Ungleicbformigkeit  yer^ 
anlaBte  Anderung  der  Umfangsreibung  zu  bestimmen^  wobei  er  mii  der 
Behandlung  der  wenig  gekriimmten  Stauspiegel  beginnt,  nach  deren 
Ermittelnng  er  zur  Berechnung  der  Stellen  starker  Kriimmung  fort- 
schreitet. 

GemaB  diesem  Vorgange  seien  vorerst  wenig  gebogene  Stromf aden 
und  gleichmaBiges  Sohlengef alle  t  nnd  Spiegelgef aile  J  yorausgesetzt* 
Femer  werde  angenommen,  daB  i  and  J  klein  seien  und  daB  man  es 
mit  einem  breiten  rechteckigen  Qnerschnitte  zn  tun  babe,  so  daB,  wenn 
y  die  Ordinaten  in  der  Querricbtung  bedentet^  die  Ableitungen  nach  y,, 
sowie  die  von  der  Geschwindigkeit  v  in  der  y-Richtung  Null  werden, 
ebenso  wie  die  nach  t,  weil  eine  von  der  Zeit  t  unabhangige  Bewegung 
betrachtet  wird.  Die  Navierschen  Gleichungen  (14g)  yereinfachen  sich 
dann,  .wenn  man  die  x  in  der  Langsrichtung  stromab  parallel  zur  Sohle 
miBt;  auf 

(75) 


9  ox        g 

y 

9 


ry      dp        y        dro   ,       dio\  d^w   ,   d^w\ 

dx       g  \     dx    ^        dzl  \cx^        oe*/' 


wobei  es  bei  der  als  gering  anzunehmenden  Sohlen-  und  Spiegelneigung 
gleichgtQtig  ist,  ob  man  die  e  lotrecht  oder  senkrecht  zum  Spiegel  oder 
senkrecht  zur  Sohle  miBt.  Nahere  t^berlegung  zeigt^  daB  sich  die  erste 
der  GL(75)  noch  weiter  yereinfachen  laBt  Wenn  die  Stromungslinien  nur 
wenig  gekrtlmmt  sind^  so  nimmt  der  Abstand  zweier  naher  Stromlinieu 
nur  allmahlich  zu  oder  ab  und  daher  die  Geschwindigkeit  u  zwischen 

diesen  Linien  ziemlich  gleichmaBig  ab  oder  zu^  so  daB  -,-- 1  yemach* 

lassigt  werden  kann.  Femer  ist  die  Massenkraft  X  als  zur  Sohle  parallele^ 

Gewichtskomponente»^i  zusetzen;  andererseits  hangt 
bei  geringer  Stromfadenkrummung  der  Druck  p  fast 
nur  yon  der  Tiefenlage  unter  der  Oberflache  ab^  yon 
welcher  er  nach  unten  hydrostatisch  zunimmt,  wahrend 
bei  starker  Kriimmung  die  Fliehkraft  eine  Entlastun^ 

oder  Belastung  bewirkt.  Da  nun  die  Tiefenlage  langs  dx  um  dx  (J  —  {} 

abnimmt,  muB 


sein,  worauB 


g  ox        ' 
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heryorgehty  imd  welter  als  Navier  Bohe  Qleichnng 
(75a)  yj-„|(„^_  +  «,^j_,_.. 

FCtr  sehr  breite  rechteckige  Oerinne  hatte  Boussinesq  aaf  Grund  der 
Basfinschen  Beobachtungen  gefiinden,  dafi  die  Turbulenz  s  iiberall  gleich 
grofi  und  zwar^  dafi  bei  einer  Sohlengeschwindigkeit  u^ 

(59)  8^]^yBhu, 

sei.  Dieser  Wert  verwandelt  (75  a)  in 

Bei  BertLcksichtigang  der  Kontinuitatsgleichung 

kann  der  letzte  Klammerausdmck  in 

dw         du  r^  to 

dto    ,       du  •     dz  oe  9     u 

yerwandelt  werden  nnd  liefert  die  Einsetznng  in  (75  b) 

Neben  dieser  Differentialgleichung  (75  c)  sind  es  die  oben  in  Botissinesqs 
Ansatz  fBr  die  Reibung  besprochenen  Randbedingongen^) 

1^  =  0,    j>  —  0     an  der  freien  Oberflache, 
r 
fi  1^  -,  —  y  Bu^*      an  der  Sohle  (vgl.  (61  d)), 

welche  bei  der  zu  15senden  Anfgabe  als  gegeben  zu  betrachten  sind. 
Boussinesq  macht  nun  noch  die  Annahmey')  dafi  sich  die  Tangenten  aller 
fibereinanderliegendenStromfadenelementeeinschliefilichSpiegeltaDgente 

und  Sohle  im  selben  Punkte  treffen.    *''*'T^[r-r— — — 

Algebraisc}i  ausgedrUckt  lautet  dies  ^^^^^>^  ^^---      T^f^ — 

u  ^^  h  dx'  ^^H^ 


(75  e) 


flh, 

oder  differenzierty  weil  weder  h  noch  ^-  von  e  abhangen, 

O  X 


1)  Esux  courantes,   Gl.  (28),   (24)  u.  (36).    Obige  Gl.  (76  c)   ist  -=  Gl.  (84) 
Boussinesqp. 

2)  Ebenda,  Gl.  (82). 

10* 
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80  daB  (75  c)  auch 

^        ^  g    h  dx  ^     K        '  cz* 

geschrieben  werden  kann.    Die  weitere  Ableitung  besteht  darin,  aus 

dieser  Gleichung  erfortzuschaffeiiy  dann  —  und  znletzt  das  Yerbaltnis 

der  mittleren  Oeschwindigkeit^  also  Uiu,,  aufzusuchen.  Im  einzelnen 
gestaltet  sich  der  Vorgang  folgendermafien.  Indem  man  auf  beiden 
Seiten  dasselbe  Integral  addiert^  erhalt  man  aus  (75  f ) 

A  h 

__3«d^  /j*»  _   fu^  dg\  _  J  I    ±_dh    r  ^dz^       ]/¥,       a*i«_ 
~ghdx\u,^      J  u/'h)  ^"^  '^  ghdxj^    h   "^   K^^*~dz^' 

0  0 

und  nach  Multiplikation  beider  Seiten  mit  de  und  nachfolgender  Inte- 
gration zwischen  den  Grenzen  0  und  z 

ghdxj   \w/      J  u,*  h  / 


-(■^+ixS/-¥)' +>?»«.©:■ 


0 

h 


Bei  dieser  Integration  ist    / — ^-j-,  weil  ein  bestimmtes  Integral,  als 

0 

konstant  zu  betrachten,  so  dafi  die  angegebene  abermalige  Integratioa 
einer  Multiplikation  mit  J8  gleicbkommt.  Auch  wird  ^-  am  Spiegel(jr»"0) 
zu  Null,  wahrend  an  der  Sohle  gemaS  (59)  und  (75  d) 

^ird.  Dehnt  man  die  Integration  bis  zur  Grenze  a  ^h  aus,  so  erhalt 
man,  weil  die  linke  Seite  zur  Differenz  zweier  gleicher  Integrale  oder 
zu  Null  wird,  h 


0 

Durch  Ersatz  des  Klammerausdruckes  in  (75  g)  resultiert  ^) 

h 

du 

57 


;Vli/a'-/~^T)^'-*".*»-  +  f»». 


1)  Eaux  coorantes,  Gl.  (76),  S.  89. 
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jr  Jim 

oder  nach  Multiplikation  mit zwischen   den  Grenzen  z  und  h 

wieder  mtegriert^  l^^--* 

h  M  h 

/n^i.\      «*        1        -SlI/S"/-       5*\  K    dh   Cdz    /*/«•         i\^  dz\dz 

(7oh)  l--±_(l-^)_         ^j_j(         j_,_)-. 

Das  ist  eine  Gleichang  fUr  — ^  in  der  aber  die  Integrale  der  rechten 


Seite  nur  berechenbar  sind^  wenn  man  —  bereits  kennt.  Bei  der  gleich- 

formigen  Bewegnng  ware  zufolge  (62)  die  linke  und  daber  auch  die 
rechte  Seite  Noll^  and  jedenfalls  ist  letztere  eine  recbt  kleine  Grofie. 
Man  kann  daher  ihre  Integrale  geniigend  genau  berecbnen,  wenn  man 
in  ihnen  f&r  u :  u^  dieselben  Werte^  wie  bei  der  gleichformigen  Bewegnng 
annimmt  Man  hat  dann 


0 

h 


0 

0  0 

dz       » 
welcber  Ansdmck  nach  Multiplikation  mit  -^-  zwischen  e  und  h  integriert 

-^  '^•^  \12        6^*  "^  12  W  "''      4      \10        30/i»  "^  6^*        30 W 

liefert.  Man  erhalt  also  das  Ergebnis 

"^  6^  dil2  "  fc«  "^  2;»*  "T"  "  20     r  /i'  "^  ^*        WJ' 

Die  mittlere  Geschwindigkeit  17  ist  offenbar  ^Jud0:h,  kann  daher 

0 

au8  (75  i)  leicht  gefolgert  warden,  and  zwar  zeigt  sich 
(76)  |-l  +  ?^  +  A?l(.+iiVS)g, 
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wahrend  bei  gleichformiger  Bewegung  3-  ==  0  ist  und  das  ^  enthal- 

tende  Glied  daher  entfallt  (ygl.  61.  (61  d)  und  (62  a)). 

Aus  (76)  geht  hervor,  dafi  bei  bescbleunigt  fliefiendem  Wasser,  d.  i. 

bei  negatiyem  ^ ,  das  Yerhaltnis  u^ :  U  wachst,   also  die  IJmfazigs- 

reibung  Bu,^  grofier  als  bei  gleichformiger  Bewegung  ausfallt.  Die 
Berechnung  dieser  Zunahme  kann  wie  folgt  durchgef&hrt  werden.  Wird 
der  Chejsy  sche  Koeffizient  c  (aus  62  a)  eingeffihrt^  so  nimmt  (76)  die 
Jieue  Form 

Oder*) 

3 

oder^  wenn  man  wie  in  Gl.  (63) 

-K:-  44,55  m^«8ec-S    VB-^  1/0,00081  m-N«sec 
setzt, 

(76a)        .  _JL_  =  i  +  !M?^ 

an.  Bei  geringer  Neigung  ^  des  Spiegels  zur  Sohle  ist  das  zweite  Glied 
der  Summe  klein  genug,  damit  man  statt  (76  a) 

cyB  '  u,        -  _  84,42  dh        B c» u/  ^  ^  _  168^  dh 
U  g     dx  U*  g     dx 

schreiben  kann,  oder  aucb,  weil  K  =»  44,55  einem  c  =»  50  m*l*sec~^  ent- 
spricht, 

Bu/  —  —i 0,0675  —  -J-' 

*         c*  '  g    dx 

Wegen  der  Gleichheit  des  Durchflusses  Uh  an  aUen  Laufstellen  ist 

dh^_]ldU 
dx  U  dx 

und  hiermit')  die  Aufienreibung  in  kg,  welcbe  auf  h  kg  Wasser  ent- 
fallt, wenn  man  h  in  m  mifit. 


1 


(76b)       i>«.'-?-+M/.®-  .'^■  +  ».°«'"r.(^ 

Die  in  der  Stromricbtung  wirkende  Teilkraft  des  Gewichtes  eines  kg 

Wassers  kann  genau  genug  mit 

J 


1)  Eauz  courantes,  Formel  80,  S.  91. 

2)  Ebenda,  Formel  BB^^,  S.  92. 
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aogesetzt  werden.  Die  Beschleunigung  eines  Wasserteilchens  betragt^ 
wenn  t  die  Zeit  bedeutet^ 

sie  erforderty  wenn  1  kg  in  gleicher  Hohe  befindliche  Teilchen  betrachtet 
werden,  eine  beschleunigende  Kraft 

2g'    dx    '^dx\2g)' 

Wenn  nun  das  kg  als  lotrechte  Sanle,  statt  quer  nnd  wagrecht,  verteilt 
wirdy  so  betragt  die  erforderliche  Kraft,  wie  Botissinesq^)  filr  zutreffend 

halt, 

h 

worin  r^  bei  der  bekannten  Geschwindigkeitsyerteilung  o£Penbar  berechen- 
bar  nnd  zwar  »  0,0176  ist').  Das  Gleichgewicht  der  Krafte  erfordert 
schlieBIicli,  daS 

sei,  worin  bei  breitem,  rechteckigem  Querschnitt  nach  den  angegebenen 

ZaUen 

(76e)  1+p  +  fi^  1,085, 

wahrend  bei  Rohren  und  Halbrohren,  fOr  die  Boussinesq  ahnliche  Be- 
trachtungen  wie  die  dargelegten  anstellt  nnd  eine  Gleichung  findet,  die 
sich  Yon  (76  d)  nnr  dadnrch  unterscheidet,  daB  der  Profilradius  (Yiertel- 
dnrchmesser)  B  an  die  Stelle  von  h  zu  setzen  ist,  sich 

{76f)  1  +  p  +  n^  1,138 

ergibt.  Man  kann  fiir  Querschnittsformen,  wie  sie  im  allgemeinen  vor- 
kommen,  Mittelwerte  nehmen  und  daher  fiir  sie^) 

setzen,  also  wenn  auch  mit  abweicbender  Begrtindung  zur  Formel  (69) 
zurQckkehren. 


1)  Eanx  couranteS;  Formel  S.  66. 

2)  Ebenda  S.  86,  01.  (70),  S.  112. 

3)  Ebenda  S.  112.  Ygl.  B.  de  Saint-Venant,  Des  diyerses  mani^res  de  poser 
les  equations  dn  mouvement  vari^  des  eauz  courantes,  Ann.  d.  ponte  et  chauss. 
(6)  18  (1887),  S.  148f. 
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50.  Bonssinesqs  Stanknrve  bei  gleiohfbrmigem  SohlengefftUe  bei 
BeriiokBiohtdgang  der  Kraxniniing  der  Stromfftden.  Gegeniiber  der 
Yorhergehenden  Ableitung  fQr  stationare  Stromnng  ist  BotiSsinesqB  Ab- 
leituDg  der  genaueren  Staugleichnng  durch  die  Annahme  kompliziert, 
daS  anch  starkere  KrQmmnngen  der  Stromfaden  zulassig  sind.  Dies 
lauft  dai*auf  hinaus^  daB  der  Dmck  in  dem  zar  Siromrichtung  (der 
rr-Richtusg)  senkrechten  Querschnitt  nicht  mehr  hydrostatisch  verteilt 
ist,  80  dafi  (wenn  die  e  nanmehr,  da  der  Spiegel  gekrflmmt  ist,  Ton  der 
nnter  i  geneigten  Sohle  anfwarts  gemessen  werden)  yon  den  beidea 
^at^icrschen  Oleichungen  (s.  oben  GL  (14  g)) 

y  dx'^  y  Kdx^'^  dz^)' 

aaszagehen  ist,  die  sicb  bei  kleinem  Sohlengefalle  und  geringer  Ge- 
schwindi^keit  w  unter  Berficksichtigung,  dafi  die  Geschwindigkeitsnb- 
oder  Zunahme  in  der  Stromricbtung  ziemlich  gleichmafiig  sein  dtlrfte^ 
zu  (vgl.  die  Verwandlung  von  (75b)  in  (75  c)) 


ox  de 

dto    ,       dw 
ox    '       cz 


flf  sin  1  — 


(77) 


9 
9 


dx 


y  dx        y    dz** 


1  _L^ 

y  dz 


Tereinfacben  lassen^).  Hierzu  treten  noch  die  bekannten  Randbedin- 
gongen  (75  d).  Indem  man  bier  dieselbe  geometrische  Annabme  wie 
zuTor  macbt,  gilt  Gl.  (75  e)  abermals,  trotz  der  verschiedenen  Beden- 
tung  Yon  Zy  und  obwobl  w :  u  nunmehr  die  Neigung  gegen  die  Soble 

bedentet.  Man  bat  wieder,  weil  h  nnd  ^—  wie  firtlber  nicbt  Yon  g  ab- 

0  X 

bangen, 


femer 


7i^ 

^  u        1  dh 

dz         h  dx^ 

.  w 

d ""  ^^ 

h  dx         z    d^h 

'^u 

dx 

dx            h   dx* 

und  daber 


(77  a) 


__M«2.d^^  1  dp   .    e  a'M 

-    h  dx^  y  dx"^  y  dz* ' 


9 


i       u'  g  d*h .        j^ 

I        g    h  dx*  y 


dp 

dz 


1)  Eaux  courantes,  GL  (136). 
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Begeht  man,  am  die  Integration  zn  ermoglichen,  die  Ungenauigkeit  den 
yeranderlichen  Wert  yon  u  dnrch  den  Mittelwert  U  zn  ersetzen,  so  er- 
halt  man  znnachst  aus  der  zweiten  Beziehnng  (77  a) 

dp  U'  z  dn.^       . 

y  g    h  arc' 

and  nach  voUzogener  Integration,  wenn  man  bedenkt,  dafi  an  der  Ober- 
flache,  das  ist  fQr  e  ^h,  der  Drnck  p  <->  0  sein  mnfi, 

p       ,  ,    U^d^hh*—z^ 

y  '     g    d«*      2A 

Differenziert  man  nnnmehr  and  vemachlassigt  man  die  Prodakte  von 
dx' 


■^  ihrer  Eleinheit  wegen,  so  hat  man 


y  dx"^  dx^    g    dx*      2^     ' 
wonach  endlich  ans  der  ersten  Gl.  (77a)  ^  fortgescfaafft  and  diese  in 

o  X 

g    h  dx^  dx         g    dx*      2h  y  dz* 

▼erwandelt  werden  kann.  Hier  sind  nnr  mehr  u*  i?  and  ^-r  Fanktionen 

cz 

von  By  so  dafi  die  Integration  nach  de  liefert 

i^^^)'^dxJ''^'-'''^rx'''TM-^-^W  +  Td7+^'''''^' 

Bei  Aasdehnang  der  Integration  liber  den  ganzen Qaerschnitt  von  z^O 

bis  jsr  —  A  wird  £  ^—  an  der  oberen  Grenze  zn  Null  and  an  der  anteren 

oz 

zor  Aofienreibang,  also  das  betreffende  Glied  gemafi  (76  b) 

wofbr,  weil  Uh  langs  des  Lanfes  sich  nicht  andert,  auch 

c"  g        dx  c*  g     dx 

gesehrieben  werden  kann.  Desgleichen  kann  man  wie  zavor  in  (76c) 


n 


h 

0 


setzen  and  man  erhalt  daher  dorch  Einfiihrnng  der  Grenzen  in  (77  b) 


154  VI.  Station9,re  StrOmnng 

Oder 

Ai- if.  (A_  i±lij£r«)  J* +  ?^'4'A 

c*        \  g  /  dx   *      Bg       dx* 

dh   .   h*U*d'h 


(77  c) 


V        g  ^  )dx'^    Sg    dx^ 


Dies  ist  J.  BotASsinesqs  Endgleichung^)^  die  bei  Vemachlassigung  der 

d*h 
Spiegelkrftmmung,  d.  h.  des  Differentialquotienten  ^^  sich  auf  den 

alten  Ausdruck  (76  d)  reduziert.  Der  Koeffizient  a  hat  in  ihr  den  Mittel- 
wert  1,11  (far  breite  llechtecke  allerdings  den  Wert  1,085). 

Durch  Multiplikation  der  61.  (77  c)  mit  &*  und  Ersatz  von  hU 
durch  den  Dnrchflufi  q  der  Breiteneinheit  des  Wasserlaufes  yerwandelt 
man  (77c)  in 

<'«)      (»'-^;)'--(»'-"-^)^'+'^'s- 

Wird  nun  die  bei  gleichformiger  Bewegung  herrschende  Tiefe 


(78  a) 

nnd  die  QroBe 

(78b)  jc^y?f-.k,y?f 

eingef&hrt,  so  gewinnt  (78)  die  der  Gl.  (74  a)  entsprechende  Form 

(78c)  (;.._V)»-(*«-*«)g  +  ^*f^^^ 

Botissinesq  kntlpft  seine  Ausfdhrungen  an  die  Annahme,  daS  das  Yer- 

baltnis  h  :  h^  wenig  yon  1  Terschieden  sei,  sonach  statt  des  letzten  Olie- 

des  von  (78  c) 

h*q^  dn  ^  h^h^*eU  d^ 

hghf,  dx* ""       8^       dx* 
gesetzt  werden  konne,  sich  also  (78  c)  in 

J9    /i  _  V\       £«;  (_J V\  ^   ,  ^ 

c^K*  \        *V  ^  K*  Wai       h'^J  dx  "^  clx» 
oder  in 

^^^^^  'c%*       h*       ■"  /i/  Wa  i       ^  "^        ;i»"   fdx'^  dx' 

Terwandeln  lasse.  Hierin  ist  gemafi  Yoraussetzung 

^._V      h^h,    h^+hh,  +  h,^       ,  Kh^K) 

—^-  ^^  ^,  nanezu    -  -;--    , 

so  dafi  die  weitere  Anderung  in 

1)  Eanx  courantes,  GL  (166),  S.  192. 
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statthaft  let.  Beschrankt  man  sich  zunachst  auf  den  Fall,  daS  i  wesent- 
lich  kleiner  oder  wesentlich  gr5fier  als  -f—,  sei,  so  wird  das  Glied  3  "7  ^ 
yemachlassigbar  nnd  (78  e)  yereinfacht  sich  zu 


^Baussinesq  beriicksiclitigt  nun  noch,  daB  die  Formel  Z7»  cj/iZJ  eigent- 
lich  nicht  genau  gilt,  sondem  bei  wachsender  Tiefe  mehr  Wasser  fliefit, 
als  ihr  entsprache,  und  er  ist  der  Ansicht,  dafi  man  dem  dadorch  Rech- 
nung  tragen  konne,  dafi  man  dem  letzten  Gliede  yon  (78  f)  einen  Faktor 

f  =-  ungef  ahr  1,1 
beif  clgt,  also 

<'8g)  S-g(l-?!w)^|-^.(»-».)-0 

echreibt.  Die  allgemeine  Losung^)  yon  (78  g)  lautet 


K 


Ci^'  +  C^er^  +  C^^'j 


worin  m^,  m^  nnd  m^  die  drei  Wurzeln  der  Gleichung 

bilden.  Aaf  Grund  dieser  LSsimg  findet  nan  Boussinesq,  dafi  man  die 
betrachteten  Wasserlaufe  in  ewei  GaUungen  sclieiden  kann,  je  nachdem 

(,•<    ?^(l_J,(£A*'-)     Oder    »•< 0,0033, 
(78h)  '"^        y'J 

ist. 

Im  ersteren  FaUe  geschehe  der  tTbergang  von  der  ungleichformigen 
£ur  gUichformigen  Bewegung  durch  aufeinanderfolgende  Wdlen  gUicJier 
Lange,  aber  dromab  abnehmender  Hbhe,  der 
«ntgegengesetzte  lOl)ergang  ohne  Wellnng. 
Die  halbe  WeUenlange  betrage L.>;;i,...^     .'.^.,.^,,,>L. 


=  :-l*- 


worin  ^ 


K'^x        * 


s 
m 


l*^y  9c«V  +  y(9c«/ioV   "*"U*V        C«a't)J 


1)  Eaox  conrantes,  Gl.  (169),  S.  198. 

2)  £aiix  coorantes,  S.  200. 
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Im  zweiten  Fall  steRe  sick  die  gleichformige  Bewegung  stromab  aU- 
mahlich  ein  und  hore  durch  einen  Sprung  plotdich  auf^), 

Nach  dem  S.  144  Gesagten  sind  dem- 
nach  die  Wasserlaufe  der  ersten  Gattnng,  bei 
denen  ein  Wehr  eine  sanfte  Stauung  henror- 
^""""""'''^''yys^.         ''''"""'""''''y^fTfT,     ruft,  als  Fliisse  (rivieres),  solche  der  zweiten, 

bei  denen  ein  Sprung  eintritt,  als  WUdbdche 
(torrents  rapides)  zu  bezeichnen. 

Filr  zwischenliegende  Gefalle,  namlich  f&r 

»>A-(i-^(?)*1'   d.t->0,0033 
and 

»<ct'-(l  +  ^  (?)'")'    d.h.<  0,0039, 

also  far  i  nahezn  gleich  -i—,,  darf  das  Glied  —  3    "7  ^   in  (78  e)  nicht 

mehr  vemachlassigt  werden.  Dafur  wird,  wenn  z.  B.  i  »  -^—  ist,  k  '=^h^ 
(siehe  78b)  und  aus  Gl.  (78c) 

(79)  (A«-  h,^i  «  (*»-,  V)||  +  '-^  2. 

wobei  wieder  ahnlich  wie  in  (78d) 

gesetzt  werden  kann.  Damit  geht  (79)  in') 

fiber.  An  den  Stellen,  wo  ^  yemachlassigbar  ist,  gilt  dann 

oder,  wie  die  Integration  des  letzten  Ausdruckes  lehrt, 

wonach  der  Spiegel  hier  seine  Hohlseite  abwarts  bzw.  aufw&rts  kehrt,  je 
nachdem  JkHJiq  oder  h  >  h^  ist.  Der  Spiegel  beschreibt  also  eine  An- 
zabl  yon  Bogen  entgegengesetzten  Sinnes  oder  eine  Wellenlinie. 

Boussinesq  unterzieht  auch  die  in  Rede  stehenden  Wasserlaufe, 
deren  Gefalle  zwischen  dem  der  Fliisse  und  dem  der  Wildbache  liegt, 
and  fQr  die  sich  die  Bezeichnung  ^cAen  (torrents  depente  moderee)  eignet, 

1)  Ebenda  S.  208. 

2)  Ahnlich  Eaux  courantes,  Gl.  (191),  S.  212. 


50.  BouBsinesqs  Staukurve  bei  berucksichtigter  Krilminiing  157 


•   /  ■ 


einer  eingehenden  Betrachtang  unter  der  Yorausseizung,  daB  ein 

wenig  grofier  als  1  sei,  und  er  weist  nach^  daS  auch  dazin  der  ^bergang 
Ton  der  gleichformigen  in  die  ungleichformige  Bewegung  durch  stufen- 
formig  anfeinander  folgende  Wellen  erfolgt  Die  ersten  derselben^)  er- 
heben  sich  um  etwas  mehr  als 

dber  die  yerlangerte  Spiegellinie  der  gleichformigen  Bewegung  und 
gleichen^  von  ihren  Talsohlen  abgesehen,  Einzelwellen  (solche  soUen 
weiter  unten  zur  Behandlung  gelangen);  die  sich  in  einem  Eanale  yon 

|/- -  =  Aol^~  *=  ^^^^  6,34  y?  Tiefe  fortpflanzen.  Der  Hohenabstand 

der  Wellenbasen  yon  der  Achsensohle  nehme  zwischen  der  n^^  und  der 
n  +  1***"  Welle  um 


(80)      fc)A«^(>/^+-i_ys)Vn 

-  im  Mittel  12,7  h„  YiVtroiVn+'l  -  Vn) 


zu,  wobei  y^  — 1   zu  yerstehen  ist  und  f  dieselbe  Bedeubung 

yne  in  Ql.  (78 g)  hat.   t^brigens  gelte  dies  nur,  solange  der  absolute 
Wert  yon  — r— ^  noch  klein  im  Vergleiche  zu  y^  bleibe. 

Die  Senkung  des  Achenspiegels,  wenn  sich  das  Wasser  einem 
Stufenabsturz  nahert,  geschieht  in  einfacherer  Weise,  denn  wenn   ,  - 

n^atiy  und  h<.h^  ist,  mufi  gemaS  (79a)  auch  ^^3  negatiy  sein,  oder, 

weil  dies  der  Differentialquotient  yon  ^— ,  ist ,  t— ;  bestandig  abnehmen. 

Ist  also  ^— I  einmal  negatiy,  so  bleibt  es  negatiy,  wonach  auch  '^  stan- 

dig  abnehmen,  d.  h.  in  negatiyem  Sinne  wachsen  mufi.   Die  Spiegelnei- 
gnng  nimmt  also  stromab  bis  zur  Absturzstelle  fortdauemd  zu. 

Botissinesq  betont^,  dafi  seine  Untersuchungen  mit  Bazins  Beob- 
achtungen  yollstandig  im  Einklang  stehen.  Bildete  der  Yersuchskanal 
eine  Ache,  in  der  der  gestaute  Spiegel  sich  allmahlich  yon  der  Sohle 
•entfemte,  so  war  er  immer  durch  Wellen  gefurcht,  wogegen  das  Wasser 
bei  wildbachartigem  Lauf  plotzlich  in  die  Hohe  sprang.  Freilich  folgten 
auf  die  Wasserschwelle,  yon  welcher  stromab  das  Wasser  eben  nicht 

1)  Eaux  courantes,  S.  216. 

2)  Eaux  cotiranteB,  S.  216. 
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mehr  wild  war,  meist  eine  AnzaU  Wellungen.  Ein  einfacher  Eieselstein 
konne  in  kleinen  Rieseln  beiderlei  Spiegelgestalten  erzengen,  namlich 
Wellen  sixomauf,  mit  Hilfe  welcher  das  Wasser  das  Hindemis  Qber- 
schreitet,  dann  stromab  am  Ende  des  steilen  Abschusses  einen  Ton 
Schaam  gekronten  Wassersprung. 

Bemerkt  sei  schlieBlich,  dafi  Boussinesq  die  c-Werte  tlberschatzt^ 
daher  die  GhrenzgefdUe  eu  Idem  ausrechnet 

Tr&gt  man')  als  Ordinaten  die  Weite  von  c|,  als  Abszissen  die  von 


•■-Al-T^m 


t^5 


auf,  80  erh&lt  man  die  Grenzkurven,  welche  sofort  erkennen  lassen,  ob  ein 
WasBerlanf  „Flufi",  ,,Ache"  oder  ,,Wildbach'^  ist,  ob  es  also  bei  Emchtnng  eines 
Wehres  eine  Stelle  (die  des  WasBerapninges)  gibt,  oberhalb  welcher 
der  Spiegel  eeine  friihere  Lage  beibeh&lt,  solange  die  Flofisohle  die 
alte  bleibt.  Beispielsweise  gehOrt  nach  der  Figor  ein  Grerinne  \om 
Gef&Ue   t»  0,003   bei   c»  40  m''*  sec'   zu   den  Flflssen    nnd   bei 

c  »  60m*'«8ec-*  zn  den  Wild- 
b&chen.  —  Zur  Beantwortnng' 
der  Frage,  bei  welcher  Wasser- 
tiefe  ein  Flufi  von  bekannter 
Sohlenneigung  i  znm  WDd- 
bach  wird,  ist  eine  weitere 
Eurve  nOtig,  welche  v.  B.  nach 
Basin  oder  nach  Messnngen 
am  betreffenden  Wasserlaof 
fSr  jede  Tiefe  h  als  Abszisse 
den  Eoeffizienten  c  als  Ordi- 
nate angibt.  In  der  Figur  ist 
eingezeichnet,   wie  man  fOr 


GefaOe  i  = 
Tiefe  h  = 


0,0  m        1,0  m       2,0  m        3,0  m  J)  4,0  m       5,0  m 

0,006  durch  den  Linienzug  ABCD  die  Tiefe  8,76  m  als  entscheidend  findet. 


51.  BonssineBqs  Stauknrve  bei  weohselndem  SohlengefKlle* 
Spiegel  bei  gewellter  Sohle.  Auch  bei  gekrUmmter  Sohle  gelten,  wenn 
man  die  Geschwindigkeit  u  parallel  zur  Sohlentangente  and  die  Ge- 
scbwindigkeit  w  sowie  die  Ordinate  e  senkrecht  zur  Sohlentangente^ 
und  zwar  letztere  wieder  yon  der  Sohle  aufwarts,  mifit,  die  Gleichungea 


(77) 


g    dz 
g   ex 


1  dp   ,     a 
y  dx   *     y   cz 


y  ox 


a«tt 
1  f 


Bewegt  man  sich  senkrecht  zur  Sohle,  so  andert  sich  unter  der  alteA 


1)  F,  Schafferfiak,  bisher  nnver6ffentlicht. 


(81.) 
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VorausBetziing,  dafi  Spiegel,  Stromf  aden  und  Sohle  sich  in  einem  Punkte 
treffeiiy  die  Gleidinng 

nichi  Geht  man  aber  von  einem  Schnitt  zum 

nachsten,  also  yon  der  Stelle  x  za  x  +  dx 

flber,  BO  sind  die  beiden  e  (und  w)  nicht  mehr  parallel,  sondern  haben 

die  kleine  Neigung  di  gegeneinander,  wonach  es  gestattet  ist,^) 

u  h  dx       di        g  d^h        di 

de  dx  dx       h  dx^       dx 

za  setzen.  Dadurch  werden  die  Beziehungen  (77  a)  nimmehr  zu 

g    h  dx'^  y  dx        Y  dz* ' 

u*  (z  d^  __  di\  _  _  ^ l^dp 

g  \h  dx*       dx)  ^  y  dz  ' 

Die  Ungenaoigkeit,  den  veranderlichen  Wert  u,  durch  den  Mittelwert  U 
in  der  zweiten  Gleichung  (81  a)  zn  ersetzen,  Terwandelt  letztere  in 

-^=1  — -V  -*-— ^-W    —d 
y  g   \h  dx*       dx) 

Man  erhalt,  wenn  man  integriert  und  bedenkt,  dafi  an  der  Oberflache^ 
das  ist  fBr  ir  —  fe,  der  Druck  p  Null  sein  mufi  (vgl.  S.  153), 

p       ,  ,    U*  d*hh*-e*       U*  di  .,         V 

y  g   dx*     2h  g   dx^  ^^ 

d*h 
und  wenn  man  jetzt  nach  x  differenziert  und  die  Produkte  von    ,  , 

ihrer  Eleinheit  wegen  vemachliissigt, 

£a£     ^^  iE^dnh*--z*_u*^du.,_  . 

ydx'^dx'^    g    dx*     2h  g    dx*^"'       ^)' 

Fuhrt  man  diesen  Wert  yon  ^  in  die  erste  01.  (77)  ein,  so  hat  man  bei 
BerQcksichtigung  yon  (81a) 

g    h  dx^^       dx        g    dx*     2'h     "^    g  dx*  ^"^       ^^  "*"  y  dz* 
und  bei  Integration  nach  da  weiter 


,o,  .  X  ^   dh     r  .J  dh  U*  d*h  (hz        z* 

(81^)  -'^TxJ''^'-''-Tx'-  g-d^AT-U 


') 


U*  d*i  /,  z*\        e  du       ^ 

+  -T  dx*  (*'  --i-)+  ydz+  ^'"'«*- 


1)  Eaox  cooTwiteB,  S.  181,  182. 
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Nonniehr  kann  man  die  auf  (77  b)  folgende  Betrachtung  wortlicli  wieder- 
holen  und  erhalt  daduroh  die  sich  yon  (77  c)  nur  durch  das  Yorhanden- 


dU 


eein  eines  von  ^j— ,  abhangigen  Gliedes  uuterscheidende  Gleichung^) 


dx 


(81c) 


Aas  (81  c)  lafit  sich  ableiten^  was  f&r  eine  Gestalt  der  Spiegel  an- 
nimmt^  wenn  der  Boden  eine  WeUenlinie  bildet.    Eine  gewisse,  diese 

Euire  Bchneidende  Gerade  stellt  dabei  die 
mittlere  Sohle  dar^  parallel  zu  der  sich  im 
Abstande  H  eine  zweite  Gerade  als  mittlerer 
Spiegel  erstreckt  Die  Erhebungen  yon  Sohle 
bzw.  Spiegel  Qber  diese  beiden  Geraden  soUen 
mit  h^  bzw.  \  und  das  GefaUe  der  Geraden 
soU  mit  i^  bezeichnet  werden^  derart;  dafi  die  Tiefe 

(82)  A-=B+A,-Ai, 


(82  a) 


d\ 


"•       dx 


ist.  Aus  (82)  and  (82  a)  folgt  darch  Differentiation 
(82  b) 


dh 
dx 


d\ 
dx 


dh, 
dx 


(82  c) 
(82  d) 


d*h 
dx* 

dH 
dx* 


dx* 


d^\ 

dx*' 


d*\ 
dx* 


Nun  lafit  sich  (81  c)  auch  schreiben 

d*h         d  d*i    ,   ^/  gh  a'\  dh 


dx' 


2  dx* 


j_qMA_        €c\dh_^Sghi        Sg        ^ 
'^^\U*h*      h*)dx       'U*h*'^  c*h*^^' 


oder  bei  Berflcksichtignng  yon  (82)  bis  (82  d) 
d*h^        d*h,    ,     3  d*h,    .     Sgh  d\       ha  d\ 


dx 


dx' 


+ 


2    dx*  ^  U*h*  dx         h*  dx        U*h*  dx    '    h*   dx 


dgh  dhi        Sa  d\ 
_   _  [_  _  __ 


oder 

(82  e) 


^h    .  Sgh  dh,         Sg        ^ 

U*h*   « "^  U*h*  dx  "^  c*h*  "■     ' 

dx*  "^  2   dx*  "*"  ^\U*h*        h*l  dx  "^   h*  dx 


Sgh    .  8^ 

~  U*h*  *"»  "^  c*h* 


0. 


1)  Eanx  couranteB,  GL  (166),  S.  192. 
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Hierin  ist  Uh  der  Durchlanf  der  Breiteneinheit^  welcher,  da  an  den 
ungewellten  Strecken  dieGeschwindigkeit  cYSi^ herrschen mufi,  cW^i^i^ 
betragt.  Wird  dieser  Ausdruck  in  (82  c)  eingefdhrt  und  in  den  Fakioren^ 

mit  denen  die  kleinen  Differentialquotienten  ^—  und  -,—  multipliziert 

erscheinen,  behufs  Yereinfachung  h  mit  H  vertanscht;  so  entsteht  die 
neue  Gleidiung 

^"^^^^  dx^  "^  2  daj»  "^  ^  WHU^       irV  ~dx  "^  H*  dx 

~  c«J?»       c*h'  ^  ^^  c^H^h*  ""  ^^~  c^H^h*  ' 

ond  letzteres  ist  nahemngsweise 


c^H'H* 


c*W 


Boussinesq  nimmt  noch  durch  Beigabe  eines  Faktors  f  =»  ungef  ahr  1,1 
R^cksicht  daranf,  dafi  c  nicht  ganz  konstant  ist,  und  findet^) 

^      ^^  dx*        H*  V       ct'cHj  dx       c*H*~ 

_  n  d*\  ,  i5'  A  ,  »/"Ai 

^       12    dx*  ■*"  H*  dx  "^  c^'H*\ ' 

wobei  c  den  ftlr  die  Tiefe  H  geltenden  Wert  zu  erhalten  hat.  Mit 
«'=■  1,1,  ^  =»  9,81  msec"^,  c  «  50  m'l*sec~^,  /'—  1,1  nimmt  (82  g)  die 
Oestalt 

Fdr  einen  nacb  einer  Sinuslinie  gewellten  Boden  gilt 

2nx 


an. 


(83) 


\^  K cos 


8 


wobei  K  den  halben  Hohenunterschied  zwischen  Wellenscheitel  und 

Wellental  und  S  die  ganze  Wellenlange  bezeichnet.  Es  lafit  sich  tlber- 

blicken,  dafi  die  Ldsung  der  Diffe- 

rentialgleichung  (82  g)    oder  (82  h) 

daun  auf  eine  Sinuskurve  von  h  fdhrt, 

welche  dieselbe  Wellenlange  S  wie 

die   Sohlenlinie   besitzt.     Beziiglich  — ^ 

des  naheren  muB  auf  die  Quelle*)  "" 

1)  Eanx  conrantes,  Gl.  (208),  S.  220.         2)  Ebenda  S.  228  f. 

Forohheimer:  Hjdnallk  11 


162  VI.  Station&re  SirOmung 

yerwiesen  warden.  Daselbst  wird  gezeigt,  daS  dem  h^  der  Gleichung  (83) 
Spiegelerhebungen  nnd  Senkungen 

(83  a)  h^^  K^  COB  — ^^-^ — - 

entsprechen,  wobei 

(83  b)  ir,-iJ:y_^,.,      tang-^--j^^- 

ist  und  E  und  E^  die  Bedeutung  haben 

oder  fftr  c  —  50 m^  sec"* 


i;-529(l-?f^  +  12f:)f, 


(83  d) 


JE;,-529(l-6f;)^. 


GemaB  (83  a)  haben  die  Spiegelwellen  die  Amplitude  f^;  dabei  liegen 
sie,  wenn  s  positiv  ist^  urn  eine  Strecke  s  vor  den  Sohlenwellen,  haben 
z.  B.  ihre  Scheitel  im  Abstand  s  stromanf  von  den  Sohlenscheitehi.  Fllr 
den  Sonderfall;  dafi  E^E^  ware^  versch wande  nach  (83  b)  dieser  Ab- 
stand und  wtirde  zugleich  K^  =  Ky  lagen  also  Spiegel  und  Sohle  kon- 
gruent  mit  den  einander  entsprechenden  Punkten  tlbereinander.  Dann 
wtirde  Qberail  dieselbe  Tiefe  h  herrschen.  Gleichung  (83  c)  zeigt  nun^ 
dafi  E  ^  E^  wird,  wenn 

a'c«t^+  8a'  S^  ""         3a'  S« 

oder 

ist,  dafi  also  eine  Wellenlange 

(83  e)  S^2nHc  y^--  =  1,42  He  V^ 

oder  ein  mittlereB  Gefalle 

(83  f )  i„  -  ungef  Shr  g-^,  ^-. 

gleichformige  Tiefe  zur  Folge  hat.*)   Je  nachdem  i^  <    p,  .  ist,  wird 

E^E^,  und  hiermit  nach  (83  b)  5  negativ  oder  positiv,  d.  h.  liegen 
die  Spiegelwellen  stromab  oder  stromanf  von  den  SohlenweUen.    FQr 

1)  Eaux  courantes,  S.  226. 
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i^^  ^}  ^<30  tiber  mhendem  Wasser  mu£  offenbar  der  Spiegel  eben 
sein;  damit  steht  es  im  Einklange,  daS  hierf&r  der  Ausdruck  jE?—  oo 
somit  nach  (83  b)  K^^O  wird.  Wachst  dann  das  Gefalle  i^,  so  nimmt 
E  ab,  wodurch  das  Verhaltnis  K^ :  K  der  beiden  Amplituden  zimimmt^ 
bis  nach  (83  d)  fOr 

oder 

/Qo    N  .  0,0086 

(83  g)  t  - 


*»       .   .  .^H 


1  +  12 


S 


E  zu  Null  wird  und  biermit  JT^  sein  Maximum  Kyi  +  E^  oder  etwa 

Kyl+  280000  (1  —  6 -oyj  -^r  erreicht.  Bei  noch  starkerer  mittlerer 

Soblenneigung  i^  wird  dann  K^  wieder  langsam  kleiner,  ohne  je  auf 
den  Grenzwert 


629  " 


H'\Hi^  -  ^g«fahr  K -^ 


(— fr)f] 


•  +  ["•(•+"  Si)  s]  •  +  "«. 

sinken  zu  konnen,  der  erst  einem  unendlich  grofien  i^  entsprechen  wtlrde. 


▼H.  Mlt  der  Zeit  verftnderllohe  StrSmnng. 

52.  Ver&nderliohe  Strbmung  bei  BertLoksiolitlgniig  der  Beibung. 
Man  kann  annehmen,  dafi^  wenn  Wasser  mit  Beschleunigung  stromt^)^ 
die  tJberwindung  der  Beibung  an  den  Wandungen  ungefahr  dieselbe 
Arbeit  wie  bei  der  stationaren  Bewegung  erfordert,  das  heifit^  dafi  in 
einem  Qerinne  vom  Profilradius  12  fQr  die  Streckenlange  dx  auf  jede 
Gewichtseinbeit  Wasser  eine  Reibungsarbeit 

entfallt.    Dabei  yermehrt  die  um  dx  fortschreitende  Gewichtseinbeit 
ihre  lebendige  Kraft  um 

2g   dx   ^^"^2^    dt    ~dx^^'^\2^~d^'^JJiu)^^' 

Da  nun  bei  einem  Oberflachengefallee^beiDurchschreitung  der  Strecke  dx 

1)  Die  mit  dem  Ort  verilnderliclie  Bewegung  wird  im  Franz^Bischen  als 
mouTement  vari^,  die  mit  der  Zeit  V6r9.nderliche  als  mouvement  non  permanent 
bezeichnet. 

11* 
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jedes  Wasserteilchen  unter  eine  um  Jdx  tiefere  Spiegelstelle  gelangt, 
mofi  fiir  die  nicht  stationare  Bewegong  die  Orundgleichung 

gelten.  Berdcksichtigt  man  die  ungleiche  Yerteilung  der  Geschwindig- 
keit  fiber  den  Qaersclinitt,  so  hatte  man  entsprechend  Gl.  (69)  noch  die 
beiden  letzten  Glieder  mit  etwa  1,1  zu  maltiplizieren« 

Eine  nicht  ganz  strenge,  aber  doch  genanere,  allerdings  etwas 
langwierige  Betrachtung  stellt  J,  Botissinesq  ^)  an,  der  zn  dem  nor  wenig 
abweichenden  Ausdmck 

<^04a;        «^"=c«JB"*"         2g  dx   '^      g      dt  g         B  dt 

gelangt.  Es  haben  namlich  rj  und  a  die  Mittelwerte')  0^023  and  1,068 
and  es  ist  Mr  breite  Rechtecke  (vgL  oben  S.  151) 

Die  Gl.  (84  a)  nimmt  daher  im  Mittel  die  Form 

und  fUr  breite  Rechtecke  yon  der  Tiefe  h  die  Form 

/ftA   ^  7--  ^*    I    ^»^®  dU*       1,04  d  U       0,016  u  dh 

(^04c;  ^-c^h'^  ~2g    ~dx    '^~Y  dJ^  ~i~  hdl 

an,  wobei  sowohl  in  (84  b)  wie  in  (84  c)  das  letzte  Glied  (Iberhaapt  ver- 
nachlassigbar  ist. 

In  zweiter  Annaherung  berQcksichtigt  B(mssinesq^)  auch  die  Krum- 
mung  der  Wasserfaden  und  kommt  damit  zu  einer  Stromungstheorie, 
die  sich  zur  vorhergehenden  so  wie  seine  genauere  zu  seiner  einfieichen 
Stautheorie  yerhalt.  Als  Ausgangspimkt  dienen  fUr  breite  rechteckige 
Querschnitte  von  der  Tiefe  h  die  beiden  Gleichungen 


(84  d) 


ct  dx  J  y  dz 


mit  den  entsprechenden  Randbedingungen,  und  die  Integration  wird  mit 
der  Annahme  gemacht,  daB  in  den  Gliedern,  in  denen  die  ErUmmung 

1)  Eaux  courantes,  S.  261,  Throne  2,  S.  7  f. 

2)  Eaux  courantes,  S.  86,  112,  TWorie  2,  Gl.  37,  S.  26. 
8)  Eaux  courantes,  S.  299  ff.  (§  28). 
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zum  Ausdmck  kommt,  die  tatsachliche  Geschwindigkeit  u  durch  die 
mittlere  U  ersetzt  werden  darfl  Damit  wird  u.  a. 

w        z  /dh   ,    1  dh' 


und  die  Endgleichtmg  lautet 

c^h"^         2g  dx   '^      g      ~dt  g  h'dt 

^  ^g        \dx^  '^  Udx^dt"^  v*dxdty' 

in  der  im  letzten  Summand  der  rechten  Seite  die  Ertlmmung  dadurch 
ihren  Ausdmck  findet^  dafi  nebst  dem  Enimmungsgliede  der  01.  (77  c) 
der  Stautheorie  noch  die  beiden  nachfolgenden  erscheinen. 

63.  FortpflanstLiig  von  kleinen  Ansohwellungen  auf  fliefiendem 
Waaser  oline  Bertioksiohtigung  der  Erummnng  der  Stromfftden.  Die 
fCir  die  yeranderliche  Stromrmg  angegebenen  Endgleichusgen  gestatten 
eine  mit  den  Yersuchen  gnt  tLbereinstimmende  Behandlung  der  Fori- 
pflanzung  von  kleinen  Anschwelliingen.  ^)  Yorausgesetzt  werde  ein  breitea 
Oerinne  yon  urspriinglicli  gleichmaBiger  Tiefe  H,  in  welcbem  vor  der 
Anschwellung  die  mittlere  Geschwindigkeit  U  herrschte^  welches  also 

die  Sohlenneigung  i  =»  -^  besitzt.  Betragt  spater  die  Tiefe  H+h  und 

die  Geschwindigkeit    U+  Ui,    so 
yerwandelt   sich,   da   offenbar   das 

Spiegelgefalle 

Jdh 

ox 
wird,  (84  a)  in 

dh      .     2«-i-^.  .du     i  +  2ndu, 

*     dx     ^^       g      ^^+^^hx+~^     ar 

_  «  — 1  — 21?  U+U^  dh 
g  ~H+h   dt 

Oder,  wenn  ?7,  neben  Z7  und  %  neben  H  yemachlassigt  wird,  in 

dx  9  dx  g       dt  ^  g  H  dt  ^  ^ 

woraus  durch  Differentiation  nach  x 

/QF,\  ^  M  1^^j:z3ti^-1R  j.  1+2t?^C[  _  g  — 1  — 2t]  TI  d^h  _^ 
\^^>       ax*  "T"  g  ^  dx^  ^       g      dxdt  g  Hdxdt^^ 

entst^ht.  Die  Kontinuitat  gibt,  ebenfalls  bei  Yemachlassigung  yon  U^^ 
neben  Z7,  sowie  yon  h  neben  H 


1)  '^gl-  ^'  Bomsinesq,  Eauz  conrantes,  S  283  ff.  (§  27)  and  Tb^orie  2,  S.  22  ff. 
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dt  dx  dt  dx  dx 

Oder 

<^^^*^  aa;  "■     irae     Hdx' 

woraus  durch  Differentiation 

ax*   "",     Hdxdt    '  Hdx^^ 

dxdt  Hdt^       Hdxdt 

hervorgeht.   In  (85)  eingesetzt  geben  diese  AnsdrtLcke  die  Differential- 
gieichnng 

dx^  g  Hdxdt  g  H  dx^  g      H dt^ 

oder 

Diese  Differentialgleichnng  wird  durch 

(85  c)  h^Fix-ot) 

erfUUt;  wo  F  eine  hdiebige  Funktion  bedeutet  and  oi  eine  Wurzel  der 
Gieichnng 

(85d)         ^,_8«--i-,    ^_yg-(2«-i-,)t;»^Q 

sein  mufi.  Urn  dies  nachzuweisen,  werde  (85  c)  differenziert^  wodurch  sich 
und  bei  abermaliger  Differentiation 

at*     ®  ^  '    aa^at    ®^  '    aa:«     ^ 

ergibt  Diese  Werte  verwandeln,  in  (85  b)  eingesetzt,  (85  b)  in 

«>  +  -i-+2^  ^^ rp2^ ^ 

also  tatsachlich  in  die  Gieichnng  (85  d),  wie  behauptet  wurde.    Hier- 
nach  stellt  (85  c)  eine  Losung  dar  mit 


(85 e)      CD  »  -2(iT2^  ^ ±  K -T(T+2t,?—  + r+2^ 

oder 

^^~2a  +  27]r^Vl±  3a-l-7j  / 
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oder  in  breiten  Geriniien,  in  denen  a  =»  1^051;  17  »  0,0175  ist;  mit 

/85  f  X  (         T/o!o69  +  4,140  f^  \ 

^  1,049  U±  1/0,017  Z7*  +  IfX^gH. 

Die  Bedeutung  von  (85  c)  ist  nun  die,  dafi,  wenn  die  Erhebung  &  an 
der  Stelle  x  znr  Zeit  t  einen  bestimmten  Wert  hat,  derselbe  Wert  an 
der  Stelle  x  +  cul^t  znr  Zeit  ^  +  A<  wiederkehrt,  denn  es  ist 

F[{x  +  CD  •  AQ  -  m{t  +  A<)]  =-  jP[:c  —  o^]. 

Die  Erhebnng  %  dnrcblauft  also  in  der  Zeit  A^  einen  Weg  cd  •  A^,  d.  h. 
sie  wandert  mit  der  SchneUigkeit^)  m  stromab. 

Nach  (85  e)  sind  zwei  Losnngen  yorhanden,  von  denen  die  eine 
4D  >  {7,  die  andere  (o  <,U  gibt,  yon  denen  also  die  eine  die  Wandemng 
mit  dem  Strom,  die  andere  die  Wandemng  gegen  den  Strom  betrifft. 
Allein  ancb  letztere  liefert  noch  eine  positiye  Schnelligkeit  0,  wenn  in 
(85  e)  der  zweite  Bruch  nnter  dem  Wurzelzeicben  negatiy  ist.  Erst  wenn 

(85 g)  (2a--l-7i)U'>9H    oder    >g^. 

ist,  konnen  WeUen  nicbt  mebr  stromauf  laufen,  also  fOr 


i  >  -ITS — ^ N     oder    $  > 


I  a  —  1  —  1])  ^  1,084  c* 

Oben  ist  gefunden  worden,  daS  die  Scheidegrenze  zwischen  FMssen  und 

Wildbacben  (ygl.  78  h)  nngef ahr  bei  einem  Gef SUe  -—-,  —  j-q^-i  (vgL 

<76  e))  liegt.  Kleine  AnschweUungen  vermogen  ddher  nur  in  FUissen  und 
nidU  in  WUdbachen  stromauf  eu  laufen. 

Aus  oT  '='  —  ^F'  sowie  ^  =-  i^'  nnd  der  Eontinuitatsbedingong 

(85  a)  geht 

dx    ^    H  H    ^      H  '^      H      '  dx 

lieryor,  worin  nicbt  nur  U  und  S  (die  Oeschwindigkeit  nnd  SpiegeUiohe 
yor  der  Anschwellung),  sondem  anch  die  Schnelligkeit  o  (ygl.  z.  B  (85  e)) 
konstant  sind.  Diese  Gleichong  ist  daher  integrabel  und  gibt 

Z7i  =  —w~  ^  "^  konst. 


1)  Wie  im  folgenden  soli  nach  dem  Vorbilde  de  Saint-VenantB  die  Ge- 
echwindigkeit  von  Encheinungen  —  wie  es  z.  B.  Wellen,  Schwingungen,  Tiefen 
•ind  —  mit  Schnelligkeit  (celerity)  bezeichnet  werden  zum  Unterschied  der  Ge- 
•chwindigkeit  wirklicher  Stoffe  wie  Wasser,  SchwimmkOrper,  Luft. 
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oder,  well  fiir  eine  AnBchwellung  h  ^  0  auch  die  Zusatzgeschwindig- 
keit  U^  verschwinden  muB, 

(85  h)  f7i  =  ?L^/i. 

In  (84  c)  ist  Yorausgesetzt  worden^  dafi  die  Geschwindigkeits- 
Terteilung  von  der  der  gleichformigen  Stromung  nur  wenig  abweiche. 
Auch  fdr  den  Fall;  daB  dies  nicht  zutreffe^  leitet  Boussinesq  einen  Aus- 
druck  ab,  der^  wie  hier  nicht  naher  bewiesen  werden  soll^ 


(860      ■.-V±ViH  +  i[i±{^%-%^-)] 


u 


35 


lantet.  Er^)  fdhrt  weiter  Versucbe  von  H.  Bazin  an,  welcher*) 

H    -0,110  0,150  0,235  m, 

U     -3,785  2,744  3,481m  sec- S 

ttmax  =  5,51  3,49  4,55  m  sec^ 

(D      =6,25  4,32  5,75  m  sec -1 

beobachtete.  Die  Formel  (85  i)  gebe  die  hiermit  gut  stimmenden  Werte 
CD  =  6,51  4,33  5,59,  wahrend  der  spater  zu  erwahnende  Ausdruck  (88) 
ScottrBussd&  o  =  f7  +  VgSy  ^  welchem  (85  i)  filr  Umax  =  U  ubergeht^ 
die  stark  abweichenden  Schnelligkeiten  (o  =  4,82  3,96  nnd  5,00  liefere. 

54,  Veranderliohe  Strdmung  bei  Beriioksiohtigiing  der  Kriim- 
mung  der  Stromf&den,  aber  Vemachl&ssignng  der  Beibung  CWellen* 
fortsohritt).  Bisher  wurde  auf  die  ErQmmung  der  Wasserfaden,  also 
auf  die  Form  der  Welle  bei  Betrachtnng  der  nicht  stationaren  Stromung^ 
keine  BQcksicht  genommen.  Nunmehr  soil  dies  geschehen")  und  zur 
Yereinfachung  zunachst  angenommen  werden,  daB  die  Wassermasse  sich 

ursprdnglich  in  Rnhe  befand  und  dabei  die  Tiefe  W 
1"  hatte.  Dann  werde  eine Wellenbewegung  dnrchEinguB 
erzeugt,  nnd  zwar  eine  Bewegung,  die  nur  nach  einer 
bestimmten  Richtung  fortschreite,  so  daB  es  genQge^ 
einen  Streifen  des  Laufes,  welcher  Streifen  die  Breite  1  quer  zur  Lauf- 
richtung  habe,  zu  betrachten.  Bei  einer  rasch  fiber  die  betrachtete  Stella 
ziehenden  Welle  ist  die  Beibung  vernaclddssighar.  Mit  dieser  Yerein- 
fachung gelten  hier  die  ^wZerschen  Oleichungen  (7) 

1)  Th^orie,  2,  S.  26. 

2)  PariB,  C.  R.  100  (1885),  S.  1492. 

8)  A,  Flamant,  Hydraulique,  2.  ^d.,  S.  418. 
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dp 
dx 

dp 

dz 


y  7\m 


y  /at* 

g  \dt 

y_  fdw 
g  \dt 


.       du    .       du 
+  u-5 — h  w^-o- 

,      dw    .       iw 
'       ox    *       cz 


)- 


u 


--W 

g 


(wo  u'  und  w'  die  yollstandigen  Differentialquotienten  nach  der  Zeit 
bezeichiien)^  also 

y  ax  ^        y  cz        ^  ' 


(86) 


wozu  noch   die  Eontinuitatsbedisgung   kommt.    Betraclitet   man   ein 

Yolumelement  dXy  de,  so  yerlangt  die  Erhaltung  des  YolumenS;  daB 

eine  Ausdehnong  in  der  Langsrichtung  x  durch  ein 

Einschmmpfen  in  derHohenrichtung;erausgeglic1ien 

werde.    Wenn  nun  die  aufrechte  Seite  1  sich  mit 

der  Geschwindigkeit  u  bewegt;  so  schreitet  die  im 

Abstande  dx  yon  ihr  stehende  Seite  2  mit  der  6e- 


du 


**-"  dx"--*^ 


schwindigkeit  u  +  -^dx  voran,  so  dafi  in  der  Zeit- 

0  X 

einheit   die  Langsanderung   der  liegenden   Seiten 

^  dx  betragt,  wahrend  die  Hohe  sich  in  analoger  Weise  um  ^  dx 

andert.  Die  neue  Flache  hat  daher  die  Orofie 


dw 


dto 


(dx  +  lldz).(d.  +  l^a.) 


und  da  sie  der  urspriinglicheu  dxdz  gleich  sein  muB,  ergibt  sich  bei 
Yemachlassigung  der  kleinen  GroBen  hoherer  Ordnung 


(86a) 


du       dw^  _  Q 

dx'^  dz  ~ 


Auch  auf  die  Veranderung  einer  Wassersaule  laBt  sich  die  Konti- 
nuitatsbetrachtung  ausdehnen.  Wenn  die  mittlere  Geschwindigkeit  einer 
Wassersaule  mit  U,  ferner  die  Erhebung  liber  den  urspriinglichen  Spiegel 
mit  h  bezeichnet  wird,  so  betragt  in  der  Zeiteinheit  die  Dehnung  in  der 
x-Richtung,  welche  eineSaule  von  derDicke  dx  erfahrt, 

O  TJ 

imMittel  ^  —  dx  und  ihre  Hohenanderung  in  der  Zeit- 

C  X 

einheit 

dh 

dt  ' 


ch        jjdh 

Ct  dx 


If  — -r 


Die  Unveranderlichkeit  der  Flache  fdhrt  also  zu  der  Beziehung 
iH+h)dx^{H+k  +  l^+  Ull)  {d.  +  l^dx) 
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oder  bei  Vernachlassigung  der  kleinen  Glieder  hoherer  Ordnung 

^*       ^  ^  OX    ^        ex 

iind^  wenn  h  klein  genug  ist^  zu 

C86b)  l^  +  fi-l^-o. 

Um  jp  aus  (86)  fortzuschaffen,  werde  die  zweite 
jener  Gleichungen  yon  e  ^  ehis  e  ^  H  -{-hy  das 
ist  bis  zor  Stelle,  wo  der  Druck  ^  »  0  ist^  inte- 
griert.   Man  erhalt  also 

JT+A  ir+*  JJ  +  A 

f  J)  -  ^JlUz^gJdz  +Ju>'de~g{H+h-e)  +Ju>'dz. 

»  *  z  s 

Hier  kann  w  aus  (86  a)  entnommen  werden,  da  nach  (86  a) 

dw  =  —  ^—  djP 

dx 

and  demnach^  wenn  u  mit  U  Tertauscht  wird, 

du 


W- ^:c— J 


ff+k 


w  ^  ^  e 


dx 


dU 


ist,  worin  ^—  nach  (86  b)  ausdrUckbar,  so  daB  sich 

(/  X 

(86c)  '  ^^ 


w  -= 


dh 


Hdt 


zeigt.  Der  Differentialquotient  ^  -  stellt  die  lotrechte  Geschwindigkeits- 

komponente  der  Spiegelponkte  dar  and  (86  c)  besagt,  dafi  die  lotrecbien 
Geschwindigkeitskomponenten  der  Punkte  der  namlichen  Wassersaule 
den  Abstanden  z  von  der  Sohle  proportional  sind.  Aus  (86  c)  gebt  weiter 
durch  Differentiation  nach  der  Zeit  t 


tl?    =-  T=: 


hervor.  Wird  das  in  den  schon  fur  den  Druck  p  gefundenen  Ausdruck 
eingesetzty  so  erhalt  man 


B+k 


oder  bei  teilweiser  Vernachlassigung  der  Erhebung  h  gegenCLber  der 
ursprtLnglichen  Tiefe  H 


p^g{H+,h-z)  + 


H^^z^d^h 


Zwecks  Anwendung  auf  die  erste  Gleichung  (86)  ist  dies  nach  z  zu 
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differenzieren,  wobei  sich,  weil  b  von  x  unabhangig  ist,  fiir  die  Be- 
scUeunigung  in  der  ^-Richtung 


g^dp 

y  dx 


-^^--^-9^  +  --. 


ergibt  Der  Mittelwert  von  u\  der  durch  Uberstreichen  gekennzeichnet 

werden  moge^  ist  offenbar 

£r+A 

0 

wonach 


u  —  


d^h 


dxdt' 


H-¥h 


oder  angealhert 
(86  d) 


^  "■       ^dx        8    dxdt^ 


gilt.  Andererseits  geht  ans  der  Bedeutung  yon  u  oder 

dt    *      dx  *       oz 

hervor,  wenn  man  bei  der  Geringftlgigkeit  der  lotrechten  Gescbwindig- 
keiten  w  diese  yemachlassigt  und  man  dann  die  mitUere  Geschwindig- 
keit  TJ  fOr  die  Einzelgeschwindigkeit  u  setzt,  daB  naherungsweise 

at    '        ox 
ist,  wonach  in  Verbindung  mit  (86  d)  sicb 


(86  e) 


dU 


dU 

dx 


+  U-~  +  g~^  +  ^ 


dh 
dx 


H     d'^h 


0 


dt    '    ""  dx    ^  ^  dx   ^    Z    dxdt* 

zeigt.  Hier  laBt  sich  an  Stelle  der  Zeit  t  die  Schnelligkeit  V5  der  Welle 
einf&hreny  das  lieiBt  die  Schnelligkeit^  mit  der  jene  Ordinate  weiter- 
wandert,  von  der  der  Schwall  immer  die  gleiche  Flache  beibehalt  — 
wobei  diese  Ordinate  nicht  etwa  mit  der  materiellen  Wassersaule  selbst 
za  yerwechseln  ist^)*  Da  der  Schwall  in  der  Zeiteinheit  von  der  Anfangs- 
lage  der  Ordinate  aus  hiernach  am  Wh  wachst, 
erfordert  sein  Vorrficken  eine  Wasserstromung 

iind  gilt 
(86f) 


U 


ah 


H  +  h 


1)  Eb  sei  ansdrvLcklich  bemerkt,  dafi  Boussinesq  unter  a  jenen  Schwallinhalt 
selbst  tmd  nicht  dessen  Schnelligkeit  versteht. 
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Fur  eine  ilire  Form  nicht  andemde  Welle  ware  ferner  ST  mit  der 
Schnelligkeit  aUer  abwartswandemden  Erscheimmgen  identisch  und 
wiirde  daher  gelten 

woraus 

dx      ^  >    dt  ^-^  '    dx*      -^  '    dt*      ^  -^ 

oder 

,Q^    X  dh  dh       d*h       ^^^^^ 

nnd  analog 

dU  ^  dU 

\i7  ^  —  ^  ^ 
at  ax 

hervorginge.  Nun  ist  die  Wellenformandemng  der  Welle  gering^  so  da& 
die  Ausdrficke  (86  g)  trotz  des  nicht  ganz  zutreffenden  dS  beibehaltea 
werden  konnen^).  Man  erhalt  so  durch  Einsetzen  in  (86  e) 

^^-dx  +  ^Ti+^dx  +  '%^   dx- 


Nun  wird  der  Elammerausdruck  an  den  ungestorten  Stellen  des  Wasser- 
laufes,  wo  h  und  U^O  sind^  auch  gleich  0  und  da  die  letzte  Gleichung 
eine  Unveranderliclikeit  besagt,  besagt  sie  zugleicb,  daB  tlberbaupt 

ist.  Durch  Einsetzen  des  Wertes  von  U  aus  (86  f)  folgt 

H+h        2(H+hy  3     dx* 

oder 


gh 


^{H+h) 
oder  angenahert 


-•(i-is-w&')-K^+") 


oder  mit  abermaliger  Ungenauigkeit 

Oder  ungefahr 

1)  Einen   strengen   Beweis   Bonssinesq^  yerSffentlichte   Flamant  in  seiner 
Hjdrauliqne,  2.  ^d.,  Paris  1900,  S.  422  f.,  Fufinote. 
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oder  schliefilicli  wieder  mit  Annahemng 

(86i)       ^-v^(i+Ti+fa- 

1st  das  Wasser  nicht  ursprQnglicli  in  Ruhe,  sondem  besitzt  es  von  yorne- 
herein  eine  mittlere  Geschwindigkeit  TJ^y  so  tritt  diese  zur  Schnelligkeit 
liinzu,  nnd  gilt  dann  die  zuerst  yon  Boussinesci  abgeleitete  Gleichung^) 

(86j)  ar-  Cr„-±>^(l  +  i-A  +  |;£^). 

Sie  besagt;  dafi  der  Uberschufi  der  SchwattschneUigJceit  W  uber  der  mitUeren 
Sirdmungsgeschwindigkeit  seinem  dbsoluten  Betrage  nach  gleich  der  Endge- 
schunndigkeU  eines  durch  die  halbe  Gerinnetiefe  frei  faUenden  Korpers  ist, 
tennehrt  urn  drei  Viertd  des  Produktes  aus  dieser  Endgeschwindigkeit  in 
das  VerhdUnis  der  tjberhdhung  h  sswr  ursprilnglichen  Tiefe  Hund  urn  ein 
Sechstd  des  Produktes  dersdhen  Endgeschmndigkeit  m  das  durch  die 
Vberhohung  geteiUe  und  mit  der  Spiegelkrummung  vervielfachte  Quadrat 
der  Tiefe. 

Die  mittlere  Oeschwindigkeit  U  an  der  Stelle  x  kann  nunmehr  unter 
Berflcksichtigung  der  urspriinglichen  Stromgeschwindigkeit  Uq  aus  der 

Kontinuitatsforderung  bestimmt  werden  *).     ^^- .^^^^ 

In  der  Zeiteinheit  flieBt  dem  Kopfe  der        ^^'^'"'^'fo^^"-^^^ 
Welle  die  Menge  {H  +  K)!!  zm,  wahrend  ^^^^^-^-^j^         ^y-^*-v 

nur  HVq  weiterfliefit.    Der  Unterschied   ^^^'^si^teJL  ^^lo;, 

von  Zu-  und  Abfiufi  muB  dem  Raume  ^-^w^j^y^^^^i^^ 

gleich  eein,  der  —  orspriinglich  frei  — 

in  der  Zeiteinheit  yon  der  vorschreitenden  Welle  mit  Wasser  erftillt 

wirdy  das  heiBt^  es  muB 

(87)  {H+h)U-HU^^h€i 

oder 

(87  a)  ^=^|'i^- 

sein.  Hierbei  ist  IS  die  Schnelligkeit  der  Ordinate,  jenseits  welcher  der 
Schwall  den  Inhalt  Null  besitzt. 


1)  Eanx  courantes  (Gl.  289 bis),  S.  858.  Journ.  d.  math.  (8)  9  (1883),  S.  273. 
FOi  Behr  kleine  AnschwelluDg,  verschwindende  Krummung  wird  (86  i)  zur  Formel 
w  as  ygH  von  J,  X.  de  Lagrange,  M^canique  analytique,  2.  partie,  sect.  11,  §  2  (37) 
tind  Berlin,  M^m.  de  racad^mie  royale  1786  (eischienen  1788),  S.  192 f.  Ihre 
Frafang  kann  fiir  gewaltige  Abmessungen  durch  die  Btobachtung  seismischer 
Seewellen  erfolgen,  ygl.  J.  Boussinesq,  Paris  C.  R.  98  (1884),  S.  1251 ;  (7.  Davison, 
PhiL  Mag.  (5)  48  (1897),  S.  83  zeigte,  dafi  die  Meerestiefe  etwas  >  eo* :  ^  ist. 

2)  Ebenda  S.  359—861. 
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DieFormel  (86 j)  wurde  yon  S,L,Partiot^)  an  der  Gironde- Garonne 
darch  Untersucbung  der  dortigen  Flutwelle  geprUft  und  bestatigt  ge- 
fanden;  dabei  war  aber  allerdiDgs  das  letzte,  von  der  Erilmmung  her- 
rQbrende  Glied  yerschwindend  klein. 

55.  UnverSuderlichkeit  der  Energie  eines  Schwalles.  Folgen  fiir 
seine  Form&ndenmg.  Die  potentieUe  Energie  einer  Anscbwellung^)^  die 
darch  Eingufi  Ton  Wasser  entstanden  gedacbt  werde^  betragt  in  einem 
Streifen  von  der  Breite  1^  wenn  die  ErbebuDg  an  der  Stelle  x  mit  h 
bezeichnet  wird^  da  der  Schwerpnnkt  jedes  Wassersaulchens  in  der 

H5he  A  aber  dem  Ruhespiegel  Uegt,  f^^dx.  Man  kann  sich  anch  das 

gesamte  Gewicbt  Q  des  Schwalles  in  seinem  Schwerpnnkt  yereinigt 
denken^  so  dafi,  wenn  dieser  sich  in  der  Hohe  g  iiber  dem  Buhespiegel 
befindet;  anch  Q^  die  potentielle  Energie  yorstellt.  Die  potentielle 
Energie  bedeutet  im  betrachteten  Falle  die  Arbeit,  die  das  Wasser  yer* 
richten  kann,  ehe  es  zur  Rube  kommt. 

Die  Bewegungsenergie  oder  lebendige  Kraft  der  Masse  betragt^  wenn 
in  alien  Punkten  einer  Senkrechten  die  gleiche  wagrechte  Geschwindig- 
keit  U  herrscht  —  da  die  lotrechten  Geschwindigkeiten  nnbedeutend 
sind  —  bei  einer  Breite  1,  wie  bei  BertLcksichtigung  yon  (86  f)  heryor- 
geht, 

worin  nach  (86 h)  ST*  nicht  yiel  grofier  als  g(JB[+  h)  ist,  so  daB  als  Be- 
wegungsenergie ~  I  h^dx  resultierty  daa  ist  derselbe  Ansdruck,  der 

fQr  die  potentielle  Energie  gilt.  Die  beiden  Energiegattungen  sind  also 
in  ziemlich  gleicher  Menge  yorhanden  und  die  Gesamtenergie  ist  doppelt 
so  gi'oB  wie  jede  Einzelenergie'). 

Wenn  nun  yon  den  Reibungen  abgesehen  wird,  kann  die  Gesamt- 
energie sich  nicht  yermindem,  da  dann  weder  an  den  festen  Grenzfiachen 
Arbeit  yerrichtet,  noch  zwischen  den  einzelnen  Teilchen  mechanische 
Energie  in  Warme  yerwandelt  wird.  Andert  sich  aber  die  Gesamtenergie 
nicht  mit  der  Zeit,  so  kann  dies  die  halb  so  groBe  potentielle  Energie 
auch  nicht  tun,  und  so  muB,  da  die  Hber  dem  Ruhespiegel  befindliche 
Wassermasse  Q  ihre  GroBe  nicht  andem  kann,  der  Schwerpunkt  auch 
seine  urspriingliche  Hohe  g  bewahren.  Dabei  ist  aber  nicht  gesagt,  da& 


1)  H.  L.  Partiot,  Recherches  sur  les  rivieres  k  mar^e,  Paris  1901,  S.  SS. 

2)  Die  Darstellnng  folgt  A.  Flatnant,  flydraulique,  2.  ed.,  S.  i28f. 

3)  Boussifiesqj  Eaux  courantes,  S.  867. 
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Q  nur  au8  positiyen  Teilchen  bestehen  mnfi,  und  so  verhindert  die  IJn- 
yeranderlichkeit  der  Sehwerptmktshohe  nicht  ein  YeriSachen  der  Welle. 
Denn  diese  kann  sich  in  abwechselnd  positive  und  negative  Tiefe  zer- 
legen,  deren  algebraische  Summe  konstant  bleibt,  wahrend  die  Einzel- 
schwerpunkte  sicb  teils  senken^  teils  beben. 

Wird  ein  Schwall  dadurcb  erzeugt^  dafi  man  am  Anfang  eines  sob- 
ligen  Eanales  ein  StUck  durch  ein  ScbtLtz  abtrennt  nnd  im  abgetrennten 
Teil  einen  hoberen  Wasserstand  berstellt,  dann  plotzlich  das  Trennungs- 
scbiltz  ziebt,  so  weist  die  Einzelwelle  zonacbst  einen  fiachen  Riicken  BC 
nnd  zwei  stark  gekrdmmte  Enden  AB  und 
CD  anf.  Die  Fortpfianzungsscbnelligkeit  des 
Riickens  betragt,  weil  er  flacb  ist,  gemafi  (86  i) 


oj-V^^(i  +  AA), 


wabrend  am  Ende  AB  die  Erfimmiing  -,—^ 

6h  dx^ 


weil  negativ^  eine  um 


Vgs 


kleinere  Scbnelligkeit  bewirkt.  Dadnrcb  trennt  sicb,  wenn  der  bober 
gefiillte  Kanalteil  lang  geuug  war^  die  Wellenscbleppe  ab^  und  lost  sicb 
die  IJrwelle  in  kleinere  Wellen  auf^  wie  dies  J.  Scott- Russell  beobacbtet 
nnd  bescbrieben  bat^). 

Aus  (86  i)  gebt  femer  berror,  daB  auf  anfsteigendem  Grand  ^  also 
bei  abnebmendem  H^  die  Wellenteile  vome  —  in  der  Wanderricbtung  — 
langsamer  laufen  als  rdckwarts^  wodurcb  sicb  die  Vorderseiten  der 


Yennoh  Ton  Basin  Aof  ansteigflndein  GrancL 

Wellen  immer  steiler  anfricbten  und  die  Wellen  brecben,  wenn  sie  eine 
Stelle  erreicben,  an  der  die  ursprdnglicbe  Wassertiefe  nacb  Bazin  nur 
mebr  wenig  groBer  als  die  Wellenbobe  oder  nacb  J,  Scott- Russdl  ihr 
gleicb  ist*). 

1)  Report  of  the  14**»  meeting  of  the  British  Association  held  at  York  1844^ 
London  1845,  S.  828,  Tafel  47. 

2)  H.  Darcy  nnd  jff.  Bazin,  Recherches  Hydranliqne  2,  Paris  1865,  S.  24, 
Tafel  2;  Report  of  the  7*^  meeting  of  the  British  Association  held  at  Liverpool 
1837,  London  1888,  S.  425.  —  Siehe  anch  xmten  S.  199. 
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56.  Dauerform  der  Einzelwelle.  Wellen  beliebiger  Form  sind 
infolge  der  ungleichen  Geschwindigkeit  ihrer  Teile  nicht  haltbar;  sie 
werden  daher  durch  eine  Dauerform  tiberlebt,  welche  J.  Sco^RusseU^) 
^jfhe  great  prima/ry  wave  of  translation"  —  die  groBe  Haaptwander- 
welle  —  nannte,  wobei  der  Ausdruck  translation  darauf  hinweisen  soil, 
daB  zum  IJnterscliied  yon  den  oszillierenden  WeUen  in  der  Translations- 
welle  ein  wirkliches  Wandem  des  Wassers,  wenn  auch  nor  fiber  eine 
kurze  Laufstrecke,  stattfindet,  indem  die  einzelnen  Wassersaulen  etwas 
Torriicken.  Diese  Welle,  die  er  librigens  auch  als  solitary,  also  als  Einzel- 
i^elle  bezeichnete,  entdeckte  Scott-RusseU  im  Jahre  1834.  Er  beobachtete, 
wie  ein  von  Pferden  gezogener  Kahn  in  einem  engen  und  seichten  Eanal 
'einen  hef tig  bewegten  Wasserschwall  vor  sich  herschob,  der  beim  plotz- 
licben  Stillstand  des  Kahnes  aUein  weitereilte  und  eine  deutliche  runde 
Form  annahm,  die  er  anscheinend  beim  Fortschritt  nicht  anderte;  Scoit- 
MusseU  konnte,  weil  beritten,  den  Schwall,  der  seine  Geschwindigkeit 
wie  es  schien  beibehielt,  noch  ein  oder  zwei  englische  Meilen  yerfolgen, 
bis  dieser  sich  in  den  Windungen  des  Kanals  yerlor.  Er  stellte  spater 
Versuche  an,  durch  welche  er  die  Wellenschnelligkeit*),  welche  in  diesem 
Falle  auch  als  SchneUigkeit  aller  UmriBpunkte  aufgefaBt  werden  kann, 

(88)  CD  =  1/2^ 

fand,  worin  J?,  die  Hohe  des  gehobenen  Spiegels  fiber  dem  Schwer- 
punkt  des  durch  die  Hebung  yergroBerten  Querschnitts  bedeutet.  Bei 
J      V  einem  rechteckigen  Gerinne  gibt  das  z.  B. 

O       1  (88  a)  cD^-K^q^A), 

worin  H  und  h  die  alte  Bedeutung  haben.  Da  der  Beginn  der 
/  ....f •-- '       Bewegung  bei  dem  Durchgang  der  Einzelwelle  den  Wasser- 
\]  Spiegel  nur  unbedeutend  yerandert,  benutzte  Scott- Russdl^) 

die  Spiegelung  einer  Flamme  durch  die  Wasseroberflache, 
um  deren  geringste  Bewegung  zu  entdecken.  Eine  weitere 
Hilfe  war  es  ihm,  daB  der  SchwaU,  wenn  er  an  eine  AbschluBwand 
stoBt,  yon  ihr  zuruckgeworfen  wird.  So  konnte  der  Genannte,  als  er 
eine  6,3  m  lange  Binne  benutzte,  dieselbe  Einzelwelle  bis  zu  60  mal 


_  . ,  _  _ 


1)  Report  of  the  7  th.  meeting  of  the  British  Association  1887,  London 
1838,  S.  429. 

2)  Ebenda,  S.  424  u.  Report  of  the  14  th.  meeting,  S.  343,  Beschreibung 
der  £ntdeckung,  S.  319.  Die  Ableitung  der  Formel  ruhrt  Ton  G.  Green,  Cambr. 
Phil.  Soc.  Trans.  6  (1837),  S.  457  her. 

3)  Report  of  the  7  th.  meeting,  S.  483.  Versuche  von  C.  Herschel  in  einem 
breiten  Eanal  von  4  bis  6  m  Tiefe  gaben  o  nur  wenig  kleiner  als  nach  Gl.  (88  a) 
2.  B.  CO  =  6,88  statt  6,32  msec"*;  Am.  Soc.  Civ.  Eng.  Trans.  4  (1876),  S.  192. 
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zurtlckwerfen  lassen  und  dabei  beobachten!  Wenn  die  Welle  ^)  in  seich- 
teres  bzw.  tieferes  Wasser  kommt^  so  verlangsamt  oder  beschleunigt  sie 
sich  gemafi  Gleichung  (88);  wobei  zugleich  ihre  Lange  wechselt^  nam- 
licb  proportional  der  Tiefe  bleibt^  wabrend  ibre  Hobe  sicb  im  entgegen- 
gesetzten  Sinne  andert.  Die  in  Flufimilndungen  wandernde  Flutwelle 
identifiziert  ScoU-RusseU  mit  der  Einzelwelle^  was  insofern  zutrifft,  als 
sicb  die  ScbneUigkeitsgesetze  fUr  beide  Wellen  gleicben,  wabrend  die 
Formen  beider  Wellen  yerscbieden  sind. 

Die  Dauerform^)  der  Einzelwelle  wird,  wie  scbon  angedeutet^  darcb 
die  Forderung  allentbalben  gleicber  Scbnelligkeit  bestimmt,  oder  gemafi 
{86  i)  durcb  die  Differentialgleicbnng 

oder  durcb 


^Hy^^ff-O-^-^'^-^-^^^'*^* -'*')' 


worm 

eine  konstante  GroBe  bedeutet.    Durcb  beidseitige  Multiplikation  der 

dh 
dx 


letzten  Differentialgleicbnng  mit  2  j-  erbalt  man 


Oder nachlntegration  dieses Ausdruckee   .-.v.::;---p.-^^^^-f ^-S-^-S^^^ 
(^)*  =  A.  (fc  A»  -  A>)  +  konst.,         SoUe      \         T  /' 

Oder,  weU  fQr  A  -  Q,  wo  der  Spiegel  \       sa'-^-^ 

keine  Wellung  zeigt,  aucb  ;i—  =  0  zu 

a  X 

flein  bat, 


dfc\t         3    ,,   ,.       ,^  '       l<''«^^^ 


(SQ'')  (ii)-:^-.(^**-n 


Da  IjA  stets  positiv  bleibt,  mufi  dasselbe  bei  \h^—h^  der  Fall  sein 

flein.   Sonacb  bedeutet  h^  den  grofiten  Wert  yon  h  oder  die  Erbebung 
des  Wellenscbeitels  fiber  dem  ursprdnglicben  Spiegel  Da  zudem  jedem 


1)  Report  of  the  14  th.  meeting,  S.  819. 

2)  J.  Baussinesq^  Eaux  conranteB,  8.  880  f. 

Vorohheimer:  Hydnulik  12 
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Wert  Ton  h  nach  (89  a)  zwei  entgegengesetzte  von  ^  entsprechen,  ist 

der  SchwallamriS  symmetrisch  zur  Scheitelsenkrechten.  Seine  Gleichung 
lautet,  wie  die  Integration  Ton  (89  a)  lehrt^  aber  hier  nicht  naher  aus- 
gefdhrt  werden  soil, 

(89  b)        * -= ^ ^ ^ 

Die  Eurve  laBt  sich  anch  einfacher  kennzeichnen.  Man  kann  namlich 

(89a)  dh^hy~(\'^h)dx 

oder 

(89  c)  fhdx-  f—^ ~  -  2]/g-' {\  -  h) 


^'"-fyt 


schreiben.  Das  erste  Integral  stellt  nun  nicbts  anderes  als  die  Fldche  f 
zwischen  dem  gebobenen  und  dem  urspriinglicben  Spiegel  Yor,  so  daft 
(89  c)  mit  

f  +  konst. y^HW^  h) 

gleicbbedeutend  ist.  Im  Unendlichen,  wo  A  »  0  ist,  mufi  auch  f  zu  Nnll 

werden,  was  fBr  den  Wert  -—  l/y  II^\  der  Konstanten  oder  fttr  die 
Flacbengleichung 

(89d)  f^y^{Vhi-y\-h) 

zutrifPt.  FUr  h^\  bedeutet  das  zugehorige  f  die  halbe  Langenschnitt- 
flache  des  unendlichen  Schwalles  Uber  dem  urspriinglicben  Spiegel.  Die 
ganze  Langenschnittflacbe  mifit  daher 


(89e)  F^2'\/\m\ 

(worin  \  aus  (89)  entnommen  werden  kann).  Andererseits  gibt  (89  d) 
in  Verbindung  mit  (89  e) 


if  _i_-|/irT  _,_■,/._  «^;», 


F 
oder 

(lr±f\^^  1  _  ^fjL  ^f      1  -  \^\ 

oder 

(89f)  },^^^j{F-f), 
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wonach  die  Erhebung  dem  Produkt  der  beiden  Teilflaehen  proportional 
ist,  in  die  sie  die  ganze  Schwallflache  zerlegt.  In  seiner  Mitte^  wo 
/ »  ^.F  wirdy  erhebt  Bicb  daher  der  SchwaU  zur  Hohe 

(89g)  ^-r,w^- 

Fflr  die  Hobe  g  der  Scbwerpunktsordinate  fiber  dem  nrsprtlng- 
lichen  Spiegel  gilt  gemafi  der  Bedeutung  des  BegrifiTes  Schwerpunkt 

0  0 

oder 

Der  Schwerpnnkt  liegt  also  in  einem  Drittel  der  Scbeitelbobe  fiber  dem 
nrsprfingliehen  Spiegel. 

Hit  dem  ScbwaUgewichte  nnd  der  Schwerpunkthobe  kennt  man 
aucb  die  potentielle  Energie  des  Scbwalles,  der  bei  seinem  Zurficksinken 
in  die  nrsprfingliche  Spiegelbohe  pro  Breiteneinheit  die  Arbeit 

(91)  HF-{,i:-ir{iKS)'' 

▼errichten  kann.  Doppelt  so  groB  ist,  wie  oben  auseinandergesetzt^  die 
Gesamtenergie;  also 

(91a)  E~y{^h,H)'^' 

Demnacb^)  ware  es  z.  B.  nicbt  ausgescblossen^  dafi  eine  Einzelwelle  von 
40  cm  Erbebung  fiber  2  m  tiefem  Wasser  auf  den  Langsmeter  einer 
quer  za  ihrer  Bewegnngsricbtung  laufenden  Mauer  einen  StoB  ausfibe, 
dessen  Energie 

1000  (i^^)'''  -  blf.  1100  kg  m 
betragt. 

In  fliefiendem  Wasser  verlieren  nach  Bcusins  Beobachtung*)  Wellen, 
die  der  Stromung  entgegen  laufen,  bald  ibre  RegelmaBigkeit  nnd  nebmen 
rasch  an  Hobe  ab.  Ffir  die  Scbnelligkeit  gelte  bei  einer  ursprfinglichen 
mitUeren  Oescbwindigkeit  V  der  Stromnng^  je  nachdem  die  Welle  mit 
ibr  oder  gegen  sie  laufb^ 

(92)  <o  =  V~9{H+h)  ±  U. 

1)  A.  Flamant,  Hydratdique  2.  ^d.,  S.  436. 
8)  Becherches  hydrauliqae  2,  1866,  S.  86. 
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Negative  Wellungen  —  die  Bojgin  (siehe  Figur)  durch  ZufluBver- 
minderung,  ScoU-RusseW)  durch  Herausziehen  eines  festen  Korpers  er- 
zeugte  —  pflanzen  sich  in  rechteckigen  Gerinnen  nach  ersterem  mit  der 
Schnelligkeit 
(92  a)  o  =  yg(R~-^hj  ±  U 


j^^^^ji^WMntiim^aii'^'qi^im'WiiJu^ipitmnpn 


fort.  Nach  beiden  Beobachtem  bleiben  sie  nie  yereinzelt,  sondem  wer- 
den  von  vielen  Wellen  gefolgt.  Ihre  Beobachtung  ist  schwieriger  als 
die  des  Schwalles. 

57.  Der  Ort  als  Funktion  von  Tiefe  und  Zeit.  Die  bisher  fur 
nicht  stationai'e  Bewegungen  aufgestellten  Gleichungen  gaben,  wenn 
man  von  der  der  Schwalldauerform  absieht,  den  Zusammenhang  der 
Geschwindigkeit  U  der  Stromung  oder  der  Schnelligkeit  sr  mit  der 
Wassertiefe  H  +  h  und  dem  Gefalle  J.  Vielfach  ist  es  wichtiger,  den 
Ort  X  als  Funktion  der  Tiefe  und  der  Zeit  t  kennen  zu  lernen.  Bei  Be- 
antwortung  dieser  Frage  sei  festgehalten,  dafi  die  Schnelligkeit  oSf  den  Weg 
bedeutety  den  die  Ordinate,  vor  der  der  Schwall  stets  denselben  Inhait  hat, 
in  der  Zeiteinheit  zurUcklegt,  wobei  im  allgemeinen  die  Wasserteilchen 
an  dieser  Ordinate  fortgesetzt  wechseln  werden.  Andert  sich  nun  auch 
das  Yom  Wellenumri£  umschlossene  Wasser,  so  mu£  doch  dessen  6e- 
samtmenge  die  alte  bleiben.  Eine  spatere  Lage  eines  UmriSpunktes 
geht  dabei  aus  dem  unmittelbar  Torhergehenden  dadurch  hervor,  dafi 
jeder  Ordinatenpunkt  neben  der  wagrechten  Schnelligkeit  ST  eine  senk- 
rechte  besitzt.  Zwei  Umrifipunkte  im  Abstande  dx  haben  die  Geschwindig- 

keiten  ST  und  ST  -J-  ^—  dfa;,  sind  daher  einen  Augenblick  0  spater  im  Ab- 
stande  ,  ^„, 

voneinander.^)  Wahrend  dieses  Augenblickes  wachst  zugleich  die  Streifen- 

hohe  von  h  auf  h  +  -r—d  +  -^r-lx)   an.    Die  Unveranderlichkeit  des  von 

*    ct  dx 

den  beiden  wandernden  Ordinaten  begrenzten  Streifens  verlangt,  daB 


1)  Report  of  the  14^^  meeting  of  the  British  Association,  S.  348. 

2)  Boussinesq,  Eaux  courantes,  S.  355. 
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Oder  bei  Vernachlassigung  der  kleinen  Grofien  hoherer  Ordnungy  daft 

(93)  |*+sy|*+A|f?»|?.  +  ^^^0 

^     -^  ct    ^       dx         ox       ot         ex 

sei.  In  Verbindnng  mit  der  f^  das  Eindringen  eines  Schwalles  in 
ruhendes  Wasser  geltenden  EontinuitatsbediDgung 

(86f)  U^J'l, 

(worin  U  die  unter  dem  Schwall  herrschende  Stromungsgeschwindig- 
keit)  gibt  die  fQr  die  Schnelligkeit  entwickelte  Gleichung 

(86i)  '^"V^il+vi  +  SS) 

bei  yemacUassigbarem  letztem  Gliede^  also  gennger  SpiegelkrUmmung 

Oder,  nebenbei  bemerkt, 

(93a)  U^VgH(l-i^'y^)-^. 

Andererseits  folgt 

wahrend  aas  (93)  und  (86  f) 

dt  dx 

hervorgeht.  Somit  besteht  die  Differentialgleichung 

ll  +  VfB'i^  + 1  h)  fi  -  0 

mit  der  Losung^) 

(93  b)  »  =  Ygst[i  +  4  ^)  <  +  f{V), 

worin  fQi)  von  der  Spiegelform  zur  Zeit  Null  abhangt,  indem  ftir  ^  =  0 
der  Ausdruck  (93  b)  in  a;  =  fQi)  iibergeht.  Nach  (93  b),  worin  aller- 
dings  die  Beibungen  yemachlassigt  sind,  erfolgt  die  Formanderung  des 
Spiegels  bei  sehr  geringer  Kriimmung  so,  dafi  sich  Heine  Erhdningen  h 
des  Schwdttes  iiber  den  urspriinglichen  Spiegel,  so  weit  die  Tiefe  H  vor- 

handen  war,  mit  den  ScJineUigJceiten  o  ==»  YglTll  +  y  h)  fo^^Pf^^^^- 

Die  Schnelligkeit  co  der  Erhebung  ist  also  grofier  als  die  ^  des  Schwalles. 
Vemachlassigte  man  die  Ejrummung  nieht,  so  konnte  man  hingegen 
eine  Dauerform  des  Schwalles  finden,  bei  der  o  und  &  zusammeniielen.^) 


1)  Ebenda,  S.  412,  61.  331. 

2)  Die  Definitioii  von  o  worde  zwischen  (86  e)  und  (86  f )  gegeben. 
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Das  Gesetz  (93  b)  mit  erweiterter  Geltong  fiir  beliebige  Quer- 
schnitte  findet  B,  de  Saiut-  Tenant ')  einfach  durch  Anwendung  des  Impols- 
satzes.  Rechts  yon  der  Stufe  im  Spinel,  welcbe  die  H5he  h  habe^ 
messe  der  Querschnitt  die  Flache  F,  links  von  der  Stufe  —  bei  einer 

Spiegelbreite  b  —  also  die  Flache 
F  +  bh.  Links  befindet  sich  jedes  Fla- 
chenelement  unter  einem  um  yh  gro- 
fieren  Druck  als  gleich  hoch  liegende 
Elemente  rechts;  zudem  ist  links  ein 
Streifen  bh  Yorhanden^  der  rechts  fehlt 

und  einen  mittleren  Druck  y  y  enipf  angt.   Der  Unterschied  der  einan- 

der  entgegen  gerichteten  Drucke  auf  zwei  benachbarte  die  Stufe  ein- 
schliefiende  Querschnitte  betragt  also 


p-^rFh^-y^ 


yFh  +  y 


2 


Das  Wasser  moge  sich  in  Ruhe  befinden.  Schreitet  die  Stufe  mit  der 
Schnelligkeit  o  fort'),  so  vermehrt  sich  das  Wasserrolum  in  der  Zeit- 
einheit  um  a  -  bh.  Ebensoviel  muB  yon  links  durch  den  Querschnitt 
F+bh  zustromen^  wo  also  die  Oeschwindigkeit 

(93  c)  "         ^* 


U^ 


F  +  bh 


m 


herrscht.  In  der  Zeiteinheit  gerat  bei  dem  Fortschritt  der  Welle  eine 
yorher  ruhende  Wassermenge  oF  in  Bewegung  und  zwar  durch  den 
angegebenen  Druckunterschied.  Daher  gilt  hier 


Masse  x  Beschleunigung  =«  —  F(o  •  U  •=  yFh  +  y 

9 


8 


oder 

oder 
(93  d) 

oder  genau  genug 
(93  e) 


g       F  +  bh  * 


2   ' 


lit 


^e>>Fb^F'  +  lFbh  +  ^, 


o' 


(?  +  i") 


8 


Da  3(J3'+  A)V.  -  2fl^V.  «  SR^U  +  -"-iT- v.  h  + 2fl^/.   bei 


2 


1)  Paris,  C.  R.  71  (1870),  S.  186. 

2)  Diese  Schnelligkeit  o  ist  also  anden  definiert  als  obea  0  in  QL  (86  f). 
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Vemachl&isigang  hoherer  Potenzen  von  k  in  ]/J3  (l  +  y  w)  ^^^rg^l^t^ 
kann  auch  nmgekehrt  (93  b)  bei  kleineren  Erhebungen  h  in^) 

(93  f)  x^  isyg(H  +  h)  -  2yiH)t  +  f(h) 

▼erwandelt  werden.  Letzteres  Gesetz  geht  aach  aus  einer  Betrachtung 

A.  Bitters  *)  hervor,  die  wesentlich  mit  cfe  Saint-Venants  Ableitung  von 
(93  e)  tlbereinstimmt.  Auch  Bitter  lafit  znnaohst  einen  gestauten  Wasser- 
korper,  in  welchem  durchweg  dieselbe  Geschwindigkeit  U  herrscbt,  anf 
einen  ruhenden  stoBen,  setzt  einen  plotzlichen  "O^bergang  aus  der  Rnhe 
in  die  Bewegung  vorauS;  sowie  eine  gleichfSrmige  Schnelligkeit  a>  der 
Stufe.  Zu  dieser  Annahme  ftlgt  er  die  weitere^  dafi  die  Geschwindig- 
keit U  durch  eine  ^^Stauwand^  hervorgemfen  werde,  die  man  in  einem 
rechteckigen,  tlberall  gleich  breiten  wagrechten  Gerinne  mit  der  Ge* 
schwindigkeit  U  vorscbiebi  Ftlr  dieses  Gerinne  vereinfacben  sicb  — 
wenn  H  wieder  die  Tiefe  des  ruhenden  Wassers,  j5  +  &  die  des  be- 
wegten  bedeutet  —  die  Formeln  (93  c)  und  (93  d)  zu 

(94)  «7-g^a,, 


(948)  c-V^"(A+|]/l+A, 

wonach  fQr  unendlich  kleine  Stauung  h  die  Schnelligkeit 

(94b)  ©  -  YgH 

and 

(94c) 

wird.  Sowohl  (94b)  wie  (94c)  bleiben  gClltig,  da  von  Reibungswider- 
standen  abgesehen  wird,  wenn  der  ganze  Wasserbereich,  in  welchem  der 
Yorgang  stattfindet^  eine  gleichformige  Bewegung  ausf&hrt;  fOr  welchen 
Fall  U  und  co  die  Bedeutung  einer  relativen  Ge- 
schwindigkeit und  Schnelligkeit  beziiglich  der  fort- 
BchreitendenWassermasse  annehmen.  Daher  kon- 
nen  (94  b)  und  (94  c)  auch  noch  angewendet  werden, 
wenn  nach  Erzeugung  der  ersten  Stauwelle  durch 
abermalige  plotzliche  Geschwindigkeitszunahme 
der  vorriickenden  Waud  eine  zweite  Stauwelle  her- 
vorgebracht  wird.  Die  Wand  findet  dann  statt  einer  Tiefe  H  eine  solche 
S+h  vor  und  statt  ruhendem  Wasser  solches  von  der  Geschwindigkeit  {7. 


1)  B.  de  Saint'Venant,  Paris,  C.  R.  73  (1871),  S.  287. 

2)  Z.  d.  V.  deatsch.  Ing.  36  (1892),  S.  948  ff. 
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Werden  unendlich  viele  unendlicli  kleine  Stufen  erzeugt,  so  spielt  fQr 
die  der  Stauwand  benachbarte^  allerdings  unendlicli  kleine  Stufe  die  an. 
der  Stauwand  jeweilig  vorhandene  Tiefe  H+h  die  RoUe.  der  nrspriing- 
licben  Tiefe,  wahrend  dh  und  d  £7  an  die  Stelle  von  h  und  U  treten. 
Demnach  nimmt  (94  c)  bier  die  Gesialt 

r 


an,  deren  Integration 


V  h        


oder 

(94d)  U  =  2)/^ OHTA)  -  2  Ygit 

liefert.  Gemafi  (94b)  betragt  bei  einer  Tiefe  H  fiir  unendlich  kleine 
Stufenbohe  der  Unterscbied  zwiscben  Scbnelligkeit  und  Gescbwindigkeit 
YgH.  Nmunebr  ist  an  der  Stauwand  H  bis  auf  H+h  gewachsen  und^ 
da  es  nur  auf  die  relativen  Gescbwindigkeitsunterscbiede  ankommt^ 
demnaeb  , 

somit 

(94e)  ©  =  3 yg(H  +  h)  -  2 YgH, 

Nach  (94  d)  und  (94  e)  baben  V  und  a  fiir  eine  bestimmte  Wasserbohe 

H  +  h  9Ji  der  Stauwand  je  einen  unveranderlicben  Wert.    Dabei  hat  o 

die  Bedeutung  der  Scbnelligkeit,  mit  der  ein  Umrifipunkt  yon  der  Hobe 

H+h  Qber  der  Soble  wagrecbt  vorwarts  wandert.   Bildete  zur  Zeit 

^  -=  0  der  UmriB  eine  Kurve 

(94f)  x  =  f{h), 

so  bildet  er  gemafi  (94  e)  zur  Zeit  t  also  eine  Kurve 

(94g)  X  =  (3 VRS+Kj  -  2  Yfff) t  +  f{h), 

deren  Gleicbung  oben  als  (93  f)  angesetzt  wurde  und  bei  kleinem  h  mit 
(93b)  libereinstimmt.  Mit  der  Hobe  H+h  des  Wassers  an  der  Stau- 
wand wecbselt  nacb  (94  d)  deren  Gescbwindigkeit  und  zwar  betragt  die 
Beschleunigung  der  Stauwand,  wie  die  Differentiation  von  (94  d)  nach  i 
lebrt,  

A,  Bitter^)  wendet  den  Ausdruck  (94 e)  zur  Untersuchung  der  Stau^ 


dh 


1)  Z.  d.  y.  dentsch.  Ing.  86  (1892),  S.  348  fif.  Die  abgek^rzte  Darstellang  rahrt 
Ton  Fh,  Fori^keimer  in  Encjkl.  der  math.  Wissensch.,  4.  Bd.  Mechanik,  S.  Teil- 
band,  Leipzig  1901—08,  S.  377.  her.  Die  Formal  (94  g)  findet  sich  bereits  in 
Boussinesq,  Eaux  courantes,  S.  415. 
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kurve  hei  bewegter  Wand  an.  Nach  ihin  betragt,  wie  die  Differentiation 
nach  h  lehrt,  der  Unterschied  der  Schnelligkeit  von  Spiegelpunkten, 
deren  Hohenlagen  um  dh  verschie- 
den  sind,  ^ 


do  = 


dh, 


so  daB,  wenn  a^  und  a^  die  Neigang 
des  Spiegels  zwischen  diesen  Pnnkten 
zu  Anfang  nnd  zn  Ende  des  Zeit- 
raumes  T  bezeiclinet^  der  wagrechte 
Abstand,  der  znnachst  cotg  a^  -  dh  war,  in  der  Zeit  T  in 


cotg  a^'  dh  =>  cotg  a^'  dh  — 


^Vg 


Tdh 


^YH  +  h 
Qbergehty  also 

(94i)  T  - 1  ]/^-+-*  (cotg  a,  -  cotg  «.) 

isi   Eine  Welle  bricht,  wenn  ihre  Vorderseite  die  lotrechte  Stellung 

erreicht.   Da  nach  (94  e)  die  Schnelligkeit  mit 

der  Hohenlage  zunimmt,  mtlfite  das  bei  jeder 

Welle  schliefilicb  eintreten.  Hat  ein  Element  der 

Vorderseite  einer  Welle  bereits  die  Steilheit  a^ 

erreicht,  so  ist  bis  znm  Brechen  dieser  Stelle 

nach  (94  i)  noch  eine  Zeit 


^jr^^^M.\^^MtM^JI^m%A 


ndtig.  Bricht  die  Welle  zuerst  an  ihrem  FuBe,  so  iat  h  =  0  and  betragt 
die  Zeitdauer  bis  zum  Brechen 

yl/f  cotgoj. 

Die  abgeleiteten  Formeln  lassen  eine  Anwendung  auf  das  Verhalten  von 
FluiweJUn  in  Meerengen  ^)  zu.  Ftlr  die  Schnelligkeit,  mit  welcher  z.  B.  in  einer 
Meeienge  yon  860  m  Wassertiefe  dieFlntwelle  fortschreitet,  erh&lt  man  nach  (94  b) 


,-1 


untei  Yoranssetzang  flberall  gleichen  Querschnittea  q>  »=  |/9,8  •  360  =  60  m  sec 
Wenn  beim  Einlaafen  in  die  Enge  das  Steigangsverh&ltnis  des  Wellenprofils  die 
GriOfie  tang  a^  =»  0,001  hatte,  so  ergibt  sich  for  die  Strecke,  welche  bis  zum  £in» 
treten  des  Brecheni  yon  der  Welle  noch  zur^ckgelegt  wird, 


«>T-y9;8T860-Al/»«Vl 
•^    '  3    r    9,8  0,0( 


2       360 

.001  ■"  8  *  o^odi 

und  fOr  die  Zeit,  in  welcher  diese  Strecke  durchlaufen  wird, 

240000  :  60  »  4000  sec. 


»  240000  m, 


1)  A,  BiiUi\,  Z.  d.  v.  deutsch.  Ing.  36  (1892),  S.  951. 
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AoH  (94e)  UBt  aich  anch  d«T  SohlnB  liehen,  velche  G«ataLt  cine  Wella 
hftben  muB,  dantit  tie  auf  eivmai  bridtt,  doB  heifit  za  einer  beitiinmtea  Zeit  eine 
flenkrechte  Qerade  bildet.  Da  Bich  nach  (9te)  ein  UmriBpnnkt  roD  dw  HOIie  h 
fiber  dem  nrBprOngUchen  Spiegel  in  det  Zeitf  for  dem  Brechen  in  der  Entfenmng 
<96)  x  —  at-=  [»yg(,H+h)  —  iYgH]t 

TOn  der  senkieohteD  Bnchlinie  befindet,  stellt  (16)  oder 
<»6a)  (x  +  itYgny—  9gt*(.S+h) 

die  tTmriBgleichang  lui  Zeit  t  dta,  wobei  die  Zeit  vom  Angenblick  des  Brecbene 
an  gei&blt  wird,  alio  ateti  negativ  ist.  Umtliohe  Umrisie  Bind  nkcb  (96a)  P&- 
tabeln  mit  ibren  AchBon  in  poHitiven  Entfemimgeit  —2tygB  von  der  gemein- 
afttnen  Brecblotxecbten  and  ihtem  Scheitel  anf  der  Sohle.  Der  jeweilige  Wellen- 
«ndpiinkt,  fOx  den  h  —  O  ist,  hat  nscb  (96)  die  Entfemnng  tYgB  von  der  Brech- 
linie.  Die  (bell  gesobrsSte)  Fl&obe  Ewiecben  dem  UmriB  nnd  der  BrecUinie  hat 
iuuerhalb  der  HOben  H  nod  ^  -f-  A  die  GrOBe 

fx  dh  ~  lf[s  ygiB+h)  —  2  yiff  J  dh 

0  0 

-  t .  HS+  h)  [Vg(H+h)  -  Yg3\. 
Duacb   bat  die  (dnokel  gebaltene)  Fl&che  iwischen  UmriB-  nnd  nngeetantem 
Spiegel,  der  Ordinate  von  der  fiObe  H-J-ft,  der  Brecblinie  and  der  Soble  — 
well  der  HOheupnnkt  £  +  A   den  Abataud  ( [s  yg^R^yK)  —  2  j/^aj  von  der 
Brecblinie  bat  —  den  Inbalt 

F ({[8|/ff(rt+T)-2Vsff](H+A)-2[)/^(BT^_>/7H](ff-|-A)l 

Oder 


(96b)        F t]/s(ff+ft)', 

worin   —  t   eimen  poaitiven  Wert  bat, 

Ql.  (9&b)  gibt  den  Zasammetihang  iwi- 

Bcben  der  HObe  K-^h  der  Anfangeotdi- 

uate  nnd  der  Fl&cbe  F.   Wenn  man  nun 

f  konatant  aein  UlBt,  so  kann  man  die 

Aufangaordinate  dorcb  eineStauwand  er- 

aelzen  and  datin  lebrt  (ft6b)  ffii  ein  gft- 

gebenea  f  den  Znaunmenbang  ewisoben 

iVgH      2tVgH  jgj  jeweUigen  ffaaaertiefe  fl  +  h  an  der 

Staawand  und  der  Zeit  t,  die  noch  bia  sum  Brechen  dei  Welle  vergebt.  Vom  Be- 

ginn  der  Stauwandfaewegnng  mit  h  ^  0  hie  zom  Brecben  vergeht  z.  B.  eine  Zeit 

..  =  ---^- 

VgB' 

Aos  (96b)  folgt  dnrch  DifferentUtioii 

od«r  

dk  2  g+>        !  V5(H+k)' 
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wonach  die  in  (94  h)  ausgerechnete  BeschleanigaDg  der  Stan  wand,   damit  ein 
parabolischer  SchwaUumrifi  entsteht,  { 


(96d)  -  -  -  y  ^-r-  . ^ J,— 


proportional  dem  Quadrat  der  Wassertiefe  an  der  Stauwand  wachsen  and  zu- 
letzt  oo  grofi  werden  mOfite.  Aus  (95  c)  folgt  die  lotrechte  Geschwindigkeit  des 
WaBsers  an  der  Wand.  Wird  diese  im  Angenblicke,  in  dem  die  HOhe  JET-f-^ 
-erreieht  ist,  nicht  mehr  beschleanigt,  so  kann  das  oberste  Wasserteilcben,  welches 
die  Steigegeschwindigkeit 

3  F 

besitzt,  nor  mehr  eine  weitere  H5he 

^       ^  2g         9        JP« 

emporsteigen.  A,  Bitter  nimmt  statt  desaen^)  an,  dafi  eine  plOtzliche  Anderang 
der  beschleunigten  Bewegung  der  Staawand  in  die  gleichfOrmige  keinen  Einflnfi 
aof  die  Zeitdaaer  t  bis  zam  Brechen  der  Welle  hat.  Demnach  steige  das  Wasser 
gevaSA  (95  c)  noch 

2  8  ^     ^    ^         2 

Oder  bei  korzem  :6eitraam  t  bis  zom  Brechen  nahezu  -|-(^-f'^)  "^  ^^^  erreiche 
das  oberste  Teilchen  also  nahezu  die  flOhe  -|-(.5'-|-^)  fiber  der  Sohle. 

58«  Dammbraohknrve  nndSpiilsoliwalL  BeimZuriickweichen  einer 
Staawand '),  die  ein  nrsprtlnglich  5  tiefes  rechteckiges  Gerinne  von  wag- 
Techier  SoUe  begrenzt,  ist,  wenn  anch  in  diesem  Falle  Spiegelkrdm- 
mnng  und  Reibnngen  yemachlassigt  werden,  das  h  der  friiheren  Be- 
trachtongen  negatiY,  indem  es  nunmehr  die  Senkung  nnter  den  ursprilng- 
licben  Spiegel  bedeutet.  Daher  gilt,  wenn  man  jetzt  unter  x  yon  der 
Wandanfangsstellung  aus  zn  messende  wagrechte  Abszissen  versteht, 
statt  (94  d) 

<96)  ^^U,^2Y^^2yg{H+K), 

worin  tTj  die  Geschwindigkeit  der  Stauwand  bedeutet.    Eine  Wieder- 

holong  der  friiheren  Betrachtong  fiihrt  nun  auf  einen  Umri£  yon  der 

Gleichung 

{96a)  a;  «=-  o^  -  [21/^1?-  3 ^^=1)]  t, 

das  ist  auf  ParabeLi  mit  lotrechten  Achsen^  welche  die  ursprilngliche 
Wandflucht  (a?  =-  0)  in  der  Hohe  y  H  (iber  der  Sohle  schneiden.  Ver- 

1)  Obige  Darstellang  weicht  in  ihrem  Gange  dberhaapt  yon  der  Bitters  ab 
and  zwar  wesentlich  darch  EinfOhrong  der  unyer&nderlichen  Fl&che  F. 

2)  A.  Bitter,  Z.  d.  Y.  deatsch.  Ing.  86  (1892),  S.  954. 
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J— *J]7-** 


H 


heoh.Sptllsehtoall 
Parabeln 


suclie  von  A,  ZeiUinger^) y  bei  welchen  ein  Schiitz  moglichst  rasch  in  die 

Hohe  gezogen  wurde  (und  die  Stauhohe  bis  zu  0,53  m  betrug)^  haben  die 

Entstehung  ahnlicher  Spiegel  auf  der  Was- 
serseite  nacKgewiesen.  Es  zeigte  sich  nam- 
lich  ein  scharfer  Scbnitt  der  Senkungslinie 
mit  dem  noch  ungeanderten  Spiegel  und 
ein  Fortschreiten  des  Schnittpunktes  mit 
1^      ^Sv^--.^  ^®^  Schnelligkeit  -  ygH~.   Da  nach  (96a> 

dbw^wAwi  '{^M^^^^^^  der  Parabelscheitel ,  dessen  h  =  H  ist,  mit 

der  Schnelligkeit  2YgS  auf  der   Sohle 

gleitet,  wachst  in  der  Zeiteinheit  die  durch  die  Breiteneinheit  ausgetre- 

tene  Menge  um 

(96b)    g  =  A  .  li£  .  2YfH^}jHY^^  0,928  fi^v.m^  sec- 1 

und  betragt  die  mittlere  Austrittsgeschwindigkeit,  wo  das  Schiitz  ge- 
wesen  war  (a;  =  0), 

(96c)  iHYgE:  Afl-=  |^^-=  2,09fl-V.. 

A,  Bitter,  der  allerdings  eine  ganz  bestimmte  Beschleunigung  der  Stau> 

wand  Yoraussetzt,  hat  Ubrigens  das  Entstehen  der  Linien  (96a)  be- 

zweifelt,  weil  dies  eine  unmoglicheSink- 

geschwindigkeit  jenes  Wasserteilchens 

bedinge,  das  urspriinglich  im  Eck  zwi- 

schen  Spiegel  und  Stauwand  (also  an 

der  Stelle  a;  =  0,  A  =  0)  gelegen  war. 

Er  findet,  daB  zur  Zeit  T  -  ]/^,  in 

welcher  das  Eckteilchen  die  Sohle  er- 
reicht,  der  Umrifi  die  Gestalt 

(96d)       «  -  fl- 1/2  (2  -  3  "(/l  -  A  +  2  ]/ A  _  ^,  _  arc  sin  ")/^) 

habe.  Dieser  Umrifi  kehrt  zum  Unterschiede  yon  dem  der  Gl.  (96  a)  seine 
Hohlseite  nach  unten  und  schlieBt  sich  im  Punkte  re  =  — 1/2  H,  h=^0 
berdhrend  an  den  alten  Spiegel  an.  Nach  Erreichung  der  Lage  (96  d) 
drehe  sich  der  Umrifi^  dessen  beide  Endpunkte  gleichzeitig  stromanf  und 
stromab  yorrtlcken,  um  einen  Punkt  mit  den  Eoordinaten  x  -»  0,216  Hy 
/*  =  yjET.  Der  AusfluB  erreicht  auch  nach  Bitter  ^ijHYgH.  Der  Spiegel 
des  ausgetretenen  Wassers  hat  nach  den  Yersuchen  (wie  nach  Bittery 
seine  Hohlseite  unten^  schlieBt  sich  also  an  den  Senkungsspiegel^  etwa 
in  a;  =»  0,  mit  einem  Wendepunkt  an  und  verlauft  dementsprechend  in 


A.  Bitten  DammbracUciUTe. 


1)  Im  hydrot.  Labor,  za  Oraz  u.  in  einem  MiQhlgraben.    Bisher  nnverOffentl. 
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seinem  oberen  Teile  fast  geradlinig.  Die  Flachengleichheit  Yon  Entleerong 
und  Austritt  lelirt  dabei,  daB  die  Kurve  die  Wandflucht  hoher  als  y  H 
fschneidet.  —  Der  betrachteten  Kurve  abnelt  die  Linie,  die  der  Spiegel 
in  stadtischen  Sielen  nacb  plotzlichem  Ziehen  eines  Spiilschutzes  be- 
scbreibt,  soweit  die  abweichende  Soblenform,  die  meist  eiformig  ist^ 
nicht  eine  Anderung  bewirkt^). 

Aus  (96  b)  nnd  (96  c)  geht  herror,  dafi  man  bei  plOtzlichen  Einsturzen  von 
Stauweiken  sehr  grofie  Ergiisse  gew&rtigen  mu6.  So  kOnnten  z.  B.  durch  jeden 
Meter  Ltickenweite  eines  besch&digten  Dammes  aus  einem  20  m  tiefen  Weiber 
sekundlich  0,928  }/8dOO  =»  83,0  m"  mit  der  mittieren  Gescbwindigkeit  2,09  )/2() 
-==  9,35 msec'  in  das  benachbarte  Gel9.nde  stiirzen. 

Gelegentlicb  scheint  das  Wasser  als  brecbende  Welle  vorzuriicken,  die  am 
Eopfe  ihre  gr56te  HOhe  besitzt.  So  sagt  J,  P  Frizell '),  dafi  nacb  einem  Staudamm- 
bmch  die  Zeugen  meistens  behaupten,  dafi  die  Flutwelle  als  Wand  vorgescbritten 
sei.  Das  war  z.  B.  in  Jobnstown  der  Fall^  als  ein  Stand ammbrach  die  Stadt  zer- 
fltdrte.  Nacb  den  meisten  Aussagen  sei  kein  Wasser  yor  der  Welle  sicbtbar  ge- 
wesson  and  sei  diese  als  eine  wallende,  spriibende  Masse  yon  Wasser,  St3.mmen 
und  Erdklumpen  berangebraust ').  In  den  Canons  des  amerikaniscben  Westens 
komme,  wenn  das  Wasser  in  ibnen  sebr  seicbt  stebt,  nacb  Sturzregen  die  Welle 
yrie  eine  Maner  mit  rollendem  Kamme,  der  aussiebt,  als  bestebe  er  aus  den 
KOpfen  stfirzender  Buffel^).  Den  gew5hnlicb  unscbeinbaren  Stanzerbach  in 
St.  Rnprecbt  ober  Muran  sab  am  30.  Juni  1891  ein  Augenzeuge,  der  vor  der 
„Reindl-Taveme^*  sitzend  die  Wirtin  aaf  ein  nnerkl&rlicbes  GetOse  und  Bauscben 
aufmerksam  gemacbt  hatte,  pldtzlicb  als  braune  Wand  berabkommen,  Im  nS,ch8teu 
Augenblicke  wurde  der  Zeuge  durcb  einen  Luftdruck  weggescbleudert,  w&brend 
das  Hans  yerscbwand  und  dessen  Besitzer  get5tet  wurden^).  Das  Bett  der  Iser 
oberbalb  Alt-Benatek  ist  in  eine  unge^br  1  km  breite  ebene  Talsoble  von  etwa 
0,0015  GefS.lle  nur  wenig  eingescbnitten.  Hier  beobacbtete  A.  Dedek^)  im  Juli 
1897  und  im  August  1905  das  Herannahen  des  Wassers  als  langen  scbmutzigen 
Streifen,  der  fiber  den  Eom-  und  Weizen- 

feldem  von  Zeit  zu  Zeit  in  der  Sonne  auf-      ■ fl-.--^^''*^  - 

blitzte.    Vor  sicb  walzte  die  Welle,  die  ^^^^-'^■^■^S^^^sf® 

mit  rundem  Eopf  heranbrauste,  mitgeris-      ^SL^^^^^^^^is^JBrnM^WrwIm 
«ene8  Getreide  und  mitgescbleppte  Garben.     ^^^^^^**^^^^^^WWBSiHIWlBF 

Obwobl  ihre  Gescbwindigkeit  nur  gegen 

0,9  m  sec' ^  gewesen  zu  sein  scbeint,  rifi  die  Sturzwelle  mebrere  ebenerdige,  in 
Brucbstein  gemauerte  Eeuscben  mit,  w&brend  die  besser  gebauten  H&user  wider- 
fltanden.    Als  Augenzeuge  sei  endlicb  ein  bekannter  Ingenieur,  J,  Bofihdndler''}, 

1)  Mitteilung  fiber  eine  Spulung:  B.  Latham,  Sanitary  Engineering,  2.  ed., 
London  1878,  S.  805.  Genauerer  Versucb :  H.N.  Ogden,  Am.  Soc.  Civ.  Eng.  Trans. 
40  (1898),  S.  1  f. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  662. 

3)  J.  B.  Francis,  ebenda  S.  566. 

4)  M,  Merriman,  ebenda  S.  663. 

5)  Dem  Yerfasser  mitgeteilt  von  F.  WiUenbauer. 

6)  Bisber  unver^ffentlicht. 

7)  Bisber  unver5ifentlicbt. 
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angef&lirt,  der  aich  entsinnt,  als  Jange  in  einem  Bachbeit  gespielt  zu  haben,  als 
plOtzlich  das  Wasser  als  Wand  auf  ibn  zueilte^). 

Zar  selben  Wellenform  wie  bei  einer  mit  der  Oeschwindigkeit 


bzw.  der  Beschletmigang 

-a?  -  V^  I  (-81-  96  und  94h) 

zurQckweichenden  Siauwand  gelangt  man  auch^  dtircli  entsprechende 
Andemng  der  Wasserentnahme  q,  ftir  welcbe  ja 

(97)  2  -  (fl-+  h)  U, 

gelten  mnfi.  Die  Differentiation  liefert 

O  TT 

und  daher  bei  Einsetzen  der  Werte  von  U^  nnd  -^^^ 

dq  -  {3yg{H+h)  -  2ygH)dh 
oder  nach  Integration^  wenn  f&r  A  »  0  die  Entnahme  q^  gQ  ist^ 

q^q,^\2yg}^-+W-2hYiH'l 

Bedeutet  q  die  Entnahme  durch  Tnrbinen  und  h  die  Senknng  in  deren 
Yorhof^  80  kann  man  annehmen,  daB  hier  die  Teilchen  nach  dem  Fall- 
gesetze  sinken  oder  dafi  %  mit  ^  im  Zusammenhang  A  — >  -J-^^'  steht^  so 
dafi  man  die  weitere  Beziehung 

(97a)  q  -  &-  2^91]/ {s+ff-  '^VH-  YB^] 

hat. 

Nach  (97  a)  kann  man  in  kurzer  Zeit  die  Beanfschlagong  9  von  Tnrbinen 
Bteigem.  Ftlr  H ^^  Im,  q^^^  Im' boc ^  (n&mlich  m'  f&r  den  m  Breite  und  die 
Seknnde)  ta>0,l  bzw.  1  Seknnde,  folgt  beispielsweise 

* 

2  —  g^  =  6,264  [}/(i7649)'-  0,049  }/l  —  ]/I]  «  0,169 
bzw. 

=  6,264  [y^mV—  4.906  }/i  —  yi]  -=  62,9 

oder  2=1,16  bzw.  68,9m*8ec'"*. 

59.  Der  wandemde  Stan.  Die  bisher  mitgeteilten  Beobachtungen 
ScoU-Russdh  nnd  Baeins  betrafen  die  durch  plotzlichen^  yordbergehen- 


1)  Siehe  anch  unten  S.  200:  Wanderwellen. 

2)  F.  Schaffemak,  bisher  nnyerOffbntlioht. 


..«al. 


Bnad«nder  SohwaU  Bftoh  Buda. 
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den  EinfluS  in  ein  Oerinne  entstehende  Einzelwelle  (Gl.  (851);  Figur^ 
61.  (88),  (92))  tind  ilire  Yeranderong  beim  Fortschreiten.  Lafit  man  nun 
das  Einfliefien  andauem,  so  schliefit  sich  gewissermafien  eine  Welle  an 
die  andere  an,  bildet  sich 

also     ein    langgestreckter            ^^^^  "^*^    ^^^      ^ 
Schwall^).   In  einem  wag-  '~ 

rechten  Gerinne  ist  dabei 

dort,  wo  der  Schwall  noch  ^'**'«»wwvwHni*i  y»ijp*  »ieAvwiw«mv«Mf 

nicht   angelangt    ist,    das  Schw.u  mit  xopfweue  naoh  Bwin. 

Wasser   in   yoUkommener  ^^  -< 

Rabe*).  In  dieses  tritt  die 

Kopfwelle,  die  fiber  tiefen 

Grund  etwa  l^jinal  so  bocb 

ist  wie   der  nacbfolgende 

Schwall  und  eine  abgerundete  Enppe  bildet,  in  seichtem  Wasser  bin- 

gegen  steiler  abf  allt  oder  selbst  brandet,  in  welchem  Falle  nur  ibr  Scbaum 

hoher  ab  der  nacbfolgende  Spiegel  ansteigt.  FUr  jede  Zuflufimenge  gibt 

68  eben  eine  bestimmte  Tiefe,  bei  der  die  Kopf  welle  (onde  initiale)  bricbt. 

Es  zeigte  sich  anch  jetzt  die  Scbnelligkeitsformel  (88  a)  ScoU-RusseUs 

(98)  CD  -  Vgi^H+h) 

anwendbar,  wenn  man  unter  h  die  Erhebnng  der  Eopfwelle  fiber  den 
urspriinglichen,  in  der  H5he  H  fiber  der  Sohle  liegenden  Spiegel  ver- 
stebt  Ffir  nichtbrechende  WeUen  sei  femer 

(98a)  *-|l., 

worin  q  den  Zuflufi  der  Breiteneinheit  bedeutet.  Durcb  Einsetzen  dieses 
Wertes  von  h  in  (98)  erhalt  man 

(98  b)  a^  —  gH(o^YSIi' 

Der  Yersucb  lafit  sich  in  der  Weise  abandem,  dafi  man  nach  dem 
Vorbild  G.  Bidones^)  zunacbst  das  Wasser  fliefien  lafit  und  es  erst  spater 
dnrch  Herablassen  einer  Schfitze  staut.  Der  an  der  Scbiitze  entstehende 
Stan  mufi  sich  offenbar  bei  dieser  Anordnung  aufwarts  fortpflanzen. 
Wenn  man  dann  die  Schfitze  wieder  in  die  Hobe  zieht,  hort  der  Schwall, 
der  bis  dahin  sein  unteres  Ende  an  der  Schfitze  hatte,  also  immer  langer 
wnrde,  za  wachsen  auf  nnd  wandert  als  isolierte  Erhebnng  stromauf. 
Dnrch  abermaliges  Senken  und  Heben  der  Schfitze  kann  ein  zweiter 

1)  Eine  Begrflndang  gibt  J.  Bottssinesq,  Eaux  courantes,  S.  405,  664. 

2)  H.  Darcy  u.  H,  Bazin,  Becherches  hydraaliques  2  (1865),  S.  49,  57. 
8)  Torino,  Memorie  30  (1826),  S.  203,  219,  221. 
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Schwall  erzeugt  werden^  der  dann  groBer  und  rascher  als  der  erste  ist^ 

diesen  einholt  und  mit  ihm  zusaminen  einen  noch  hoheren  Schwall 

bildet^  der  aber  spater  wieder  in  zwei  Teile  zerfallt.  Mit  der  Stromung 

schwimmende  Eorper  erfahren,  wo  sie  die  Wasserstufe  treffen,  heftige 

Stofie,  wahrend  auf  der  Sohle  mitgeschleppte  Korper  unter  ihr  liegen 

bleiben.  Als  BeweguDgsgesetz  des  Wassers  stellte  6r.  Bidone  neben  der 

Kontinuitatsformel 

(99)  UH^foh, 

welche  besagt^  dafi  die  Stromung  mit  ihrer  mittleren  Geschwindigkeit  U 
fioviel  Wasser  hinzufUhren  mufi,  wie  der  Schwall  zu  seinem  Wachstum 
gebraucht;  die  Staubohenformel 

<99.)  »  -  !»+-' .  i'- 

auf,  welche  aber  durch  Darcy  und  Bazin  nicht  bestatigt  wurde.  Letztere, 
welche  Bidonea  Versuche  in  groBerem  Mafistabe  wiederholten,  fanden 
die  Schnelligkeit  der  isolierten  Erhebung 

(99  b)  0,  =  Vi(H+l^  -V-^-lu+y^^'  +  gH, 

worin  h  die  Hohe  der  von  ihnen  beobachteten,  fiber  den  iibrigen  Schwall 
emporragenden  Kopfwelle  (onde  initiale)  bezeichnet  und  die  Zahl  — -f- 
nur  einen  Mittelwert  bildet.  Wahrend  sich  bei  wagrechter  Sohle  Hohe 
und  Schnelligkeit  der  Welle  kaum  andem,  nehme  in  einem  Gerinne  mit 
geneigter  Sohle  die  Schnelligkeit  der  Welle,  die  bei  plotzlichem  SchluB 
der  am  Unterende  befindlichen  Schfitze  entsteht,  stromauf  allmahlich 
ab^);  auch  sei  uber  wagrechter  Sohle  die  Kopfwelle  abgerundet,  wahrend 
sie  bei  einer  Sohlenneigung  von  0,0015  wahrend  des  grofiten  Teiles 
ihrer  Wanderung  gebrandet  habe*). 

60.  Ebbe  und  Flut  in  Strommiindungen.  Tragt  man  die  Zeiten 
als  Langen  und  die  Wasserstande  eines  die  Erscheinung  von  Ebbe  und 
Flut  zeigenden  Meeres  nach  der  Hohe  auf,  so  erhalt  man  die  FhUkurveny 
welche  bei  regelmaBigem  Yerlauf  im  offenen  Meer  als  Sinuslinien  zu 
betrachten  sind.  In  FluBmtlndungen  haben  diese  Spiegelschwankungen 
offenbar  wieder  Schwankungen  zur  Folge.  Da  ist  es  bemerkenswert^  daB, 
wenn  ein  Fleet  von  durchweg  gleichem  Querschnitt  und  ebener  Sohle 
in  ein  flutendes  Meer  miindet,  der  mittlere  Wasserspiegel  des  Meeres 
mit  jenem  binnenwarts  liegender  Fleetstrecken  nicht  Clbereinstimmt, 
dafi  z.  B.  dort,  wo  die  Reibungen  die  Flut-  und  Ebbestromungen  bereits 

1)  Recherches  hydrauliques  2,  S.  82.  —  Siehe  auch  oben  S.  Ii6. 

2)  Ebenda  S.  87. 
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derart  gedampft  haben,  daB  der  Spiegel  kaum  mehr  schwankt,  letzterer 
hoher  liegt  als  der  mittlere  SeespiegeL  Um  dies  nachzuweisen^),  werde 
ale  Flutknrve  der  MUndung  die  Sinuslinie 

(100)       H+h-a  +  bsm^-p    oder     *-^+^8m^* 

angenommen,  worin  H  die  Hohe  dee  nicht  schwankenden  Fleetspiegels, 
JT  +  ^  die  des  Mtindungsspiegels  dber  der  Fleetsohle  bezeichnet  and  a 
nur  wenig  yon  H  yerschieden  sein  kann.  Die  Scbwallinhalte  pflanzen 
flich  (nach  (86  i)  mit  yemacUassigbarem  Ertlmmungsgliede)  mit  der 
Schnelligkeit 


landein  fort^  derart,  dafi  wahrend  einer  Zeit  T  die  Wassermenge 

T  T  T 


(100 a)    fiShdt^}W'f{^  +  l-^:)dt-VgH^f{?^^ 

0  0  0 

,     b     .    2«e    ,     S(a  — J?)*    ,     3  a  — J,     .    2nt   .aft*.   i2irA  ,. 

+  g  Sin  -^  +  ^-^Bfi—  +  y-^r-ft  sin-^  +  --^,  8in« -^)dt 

in  das  Fleet  eindringt.  Wenn  nun  T  wie  in  (100)  eine  ganze  Flat- 
periode  bedeutet,  mufi  das  Integral,  somit  bei  Yemachlassigung  des 
OUedes  mit  (a  -  H)* 

r^ra  —  H  t  b  2nt        8(a  — fl')6         2«*    , 

oder  angenahert 

»     ft  /.  17         ^f 


H       '    %  aR 
also 
(lOOb)  fl_o_ll* 

sein.  Es  stimmt  also  der  mittlere  Meeresspiegel  tatsachlicb  nicht  mit 

dem  Spiegel  des  Fleetendes  dberein,  sondem  liegt  nm  —  —  tiefer.  Das 

iaij  wenn  auch  nicht  bedeutend,  doch  merklich,  da  z.  B.  fdr  eine  Tiefe  a 
yon  6  m  der  Fleetsohle  unter  dem  mittleren  Meeresspiegel  and  eine  Er- 
hebang  h  des  Hochwassers  von  2  m  dber  letzterem,  der  Niyeaaunter- 
schied  sich  —  0,25  m  findet.  —  Die  Umwandlang  yon  (100)  in  eine 


1)  /.  Bomsinesq,  Eaux  coorantes,  S.  416. 

Vorohheimer:  Hydraolik  ^^ 
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solcbe  Form,  daB  t  als  Funktion  f(h)  von  h  erscheint,  liefert  ftlr  die 
]  FleetmQndung  (x  —  0) 

I  2nt  .     H  +  h  —  a 

\  -^-  —  arc  sm  — ^^ , 

i 

so  dafi  gemafi  (93  b)  die  Ebbe  und  Flut  sicb  nacb  dem  Oesetze 

(101)  X  =  r9H(i  +  li)  (*  -  I  arc  sin  5+^) 

im  Fleet  fortpflanzen  wiirde.^)  Ebenso  bliebe  (93  a)  fiar  die  Stromungs- 
gescbwindigkeit  gtiltig,  wenn  nicht  dadurcb,  dafi  man  bei  dieser  Be- 
handlungsweise  die  Beibung  yemacblassigt,  die  Soble  wagrecbt  yorans- 
setzt  tmd  eine  nicht  ganz  zntreffende  Annabme  tlber  die  Schwankungen 
des  Meeresspiegels  macht,  die  Abweichung  des  betrachteten  Yorgange^ 
Yom  wirklichen  in  Strommtlndungen  zn  bedeutend  ware. 

Der  hemmende  Einflufi  der.Reibnng  zeigt  sich  nach  M.  Motter 
aucb  beziLglich  des  Zusammenhanges  zwischen  Schnelligkeit,  Geschwin- 
digkeit  und  Erhebung.  Herrscht  seewarts  von  einer  mit  der  Schnellig- 
keit  CD  stromauf  rdckenden  Wellenstufe  die  Geschwindigkeit  U^  und 
binnenwarts  die  Geschwindigkeit  U^j   so  betragen  die  relativen  Ge- 

cj  ^  schwindigkeiten  gegentlber  der  Stufe 

T  \  (wenn  cd,  ZJi  und  TJ^  in  derselben  Rich- 

+J      J""^f  \a_^       T"     tung  gemessen  werden)  (o  —  U^  und 

* I       o  —  CT,.   M,  MoUer*)  denkt  sich  nun 

die  Stufe  fest,  wendet  das  Bernoulli' 
sche  Theorem  (GL 16  u.  17)  auf  die  Stromung  an,  obwohl  nunmehr  die 
rauhe  Sohle  bewegt  erscheint,  und  hat  bei  einer  Stufenhohe  h 

(102)  (cD  -  U;)^-  (©  -  Ui)*-  2gh, 

wozu  noch  die  Raumbedingung 

(102 a)  H((D  -  U^)  =  (if  +  fc)((D  -  U,) 

tritt,  worin  H  die  Tiefe  des  Yon  der  Schwallstufe  noch  nicht  erreichten 
Wassers  bezeichnet.  Wenn  man  in  (102)  auf  Grund  von  (102  a) 

©- C7,- -+-(©- Ui)    bzw.     (D- ?7i  =  -g-p^(G)~£7,) 


1)  Ahiiliche  Aofgaben  Bind  bebandelt  yon  M.  Levy,  Le90n8  sur  la  th^orie 
des  marges  1,  Paria  1898.  Derselbe  findet  und  lOst  unter  anderem  S.  189  die 
Differentialgleicbxuig  fdr  die  WaBserbewegnng  in  einem  wagrechten  Eanal,  der 
einen  See  mit  mbigem  Spiegel  mit  einem  flutenden  Meer  verbindet,  wobei  er 
annimmt,  dafi  die  Reibnng  der  ersten  Potenz  der  Geschwindigkeit  proportional 
sei.  Andere  Berecbnungen  L^vys  gebOren,  weil  bei  ihnen  die  Flutgesetze  st&rker 
in  den  Yordergrund  treten,  mebr  in  das  geopbysikaliscbe  Gebiet. 

2)  Zeitscbr.  f.  Arch.  a.  Ingenienrwesen  (2)  1  (1896),  Sp.  479. 
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einsetzt^  erfaalt  man 

oder  angenahert  bei  kleiner  Stnfenliohe  h 


oder 
(102b) 


€a-Ui~YgH    bzw.     (0-  J/j-V^ (£"+*), 

« 

somit  den  Zusammenhang  zwischen  (102)  and  der  Angabe  ScoU-RussellB. 
Bei  kleiner  Geschwindigkeit  U^  geht  (102)  in 


CD 


-  VcD*  -  2gh 


tlber. 

MStter  bemerkt  bierzn,  dafi  die  bei  Bremerhaven  Yortiberziehende  Flutwelle 
Ton  8,8  in  FlutdiffereDz  in  einen  Berg  von  A  oi  1,7  m  nnd  ein  Tal  von  1,6  m  zu 
xerlegen  sein  dnrfbe  nnd  dafi  die  mittlere  Schnelligkeit  zwischen  Enotenpnnkt 
(Umrifiwendepnnkt)  nnd  Scheitel  nngef&hr  8  m  sec^  betr&gt.    Das  g&be 

CTj  «=  8  — 1/64  —  2  .  9,81  •  1,7  —  2,6m  sec"*; 

statt  2,6 m sec "^  betrage  aber  die  Flutgeschwindigkeit  nnr  0,4 msec \  wfthrend 
der  Rest  dnrch  Reibnng  vemichtet  werde.  HinzngefOgt  werde,  dafi  anch  bei  den 
sp&ter  zn  besprechenden  Wanderwellen  Gl.  (102)  sich  nicht  zntreffend  zeigt.^) 

Im  allgemeinen  gilt  fdr  die  Flutbewegung  in  Strommdndnngen 
das  Folgende.  Sie  hat  dieselbe  Tidedauer  (Schwingnngsdaaer)  wie  im 
offenen  Meer^  derart,  daB  in  etwa  12  Stunden  25  Minnten  gleiche  Phasen 
wiederkehren.  Die  UmriBpnnkte  derFlntwellewandem,  wie  dies  Gl. (101) 
erkennen  lafit,   yerschieden  . 

,        „       ,  '  _  ff*  8 10 IQ  2  4  6  810122  4  e  81012  2  4  6 

schnell  stromanf,  nnd  zwar 

die  hoheren  rascher  als  die 

tieferen,  wodnrchdie  Wellen- 

form  sich  andert  und  unsym- 

metrisch  wird,  and  stromanf 

Tom  Scheitel  eine  steilere, 

stromab  eine  fiachere  Nei- 

gung  annimmt.    Dorch  die 

Reibnng  an  der  Stromsohle, 

welche  die  unteren  Wasser- 

schichten  besonders  znrUck- 

halt^  wird  die  Formandemng  befordert  und  durch  die  Gestalt  der  Miindung 

verschiedenartig  beeinflnfit.  Wenn  nun  die  Oberflache  an  einem  Ufer- 

punkte  Yorbeirtickty  macht  sich  deren  Unsymmetrie  auch  in  der  Flut- 


Ctixhaven 

GlUckstadt 

Brunshai^en 
Schulau  P 
Nienstedten 
Hamburg 


"*  bedetUet  Stromwechsel.  H6hen  1:200. 

Flatkurren  der  Elbe. 


1)  Ph.  Forehheimer,  Wien,  Ber.  112*  (1903),  S.  1710. 
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;?* 


Flutdaii/n. 


\-^'-"Flui-'-'^ Ebbe * 


Jlutntrmn 


Ebbedauer 


knrve  geltend^  welche  wahrend  der  Fiat  ein  rasches  Ansteigen^  wahrend 
der  Ebbe  ein  langsames  Fallen  aufweist,  so  dafi  die  Ebbedaner  die  Flut- 
dauer  iibertri£Pt.  In  Gaxhaven  betnlgt  beispielsweise  eratere  im  Mittel 
6  Stnnden  51  Minuten,  letztere  5  Stunden  34  Minn  ten.  ^)  Je  weiter  die 
Welle  nach  oben  fortschreitet,  desto  mehr  nimmt  diese  Ungleichheit  za, 
wie  beistehende  Abbildung  der  Flntknr7en  der  Elbe  zeigt.^)  Ebbe  nnd 
Flat  bilden  zusammen  die  Tiden^)  oder  Gezeiten  und  werden  dorch  das 

Hochwasser  and  das  Niedrigwasser  ge- 
trennt.  Die  Flat-  and  Ebbestromang 
haben  entgegengesetzte  Richtong  and 
zwar  im  allgemeinen  in  der  Richtung 
des  SpiegelgefaUes.  Nur  in  der  Nahe 
des  Hocb-  und  des  Niedrigwassers  ge- 
schieht  dies  nicbt,  indem  das  Kentem^) 
der  Ebbe-  bzw.  Flatstromang  spater  er- 
^^  folgt  als  die  Erreichang  des  tiefsten 
bzw.  hochsten  Wasserstandes;  die  aaf- 
gespeicherte  lebendige  Kraft  treibt 
dann  eben  das  Wasser  dem  Gefalle 
entgegen.  In  Gaxhayen  beispielsweise 
tritt  der  Flutstrom  darchschnittlich 
1  Stande  30  Minuten  nach  Niedrig- 
wasser,  der  Ebbestrom  1  Stande  25  Mi- 
nuten nach  Hochwasser  ein,  wieneben- 
stehende  Abbildung  zeigt,  in  der  unter 
der  Flutkurve  auch  die  Strdmungsge- 
schwindigkeiten  der  einzelnen  Tide- 
zeiten  angegeben  sind. 
Betragt  die  Schnelligkeit  der  Flut  weUe  (o,  die  mittlere  Flutstromungs- 
geschwindigkeit  U  und  die  Zeltdauer  der  Flut  T  also  die  Lange  des 
Wellenberges  To,  so  wandert  das  Wasser  nach  Jf.  Comoy^)  stromauf, 
wahrend  eine  Wellenstrecke  Tm  Hber  dasselbe  hinwegzieht,  also,  da  der 


^., Ebbestrom 


9^^  t>  ^  f&  ^ 
v^  t^   •*»  «o  <to  GV 


i'^MuMrom 
natkanren  and 
StrOmangsgeMhwindigkelten 
in  GuxhftTen. 


1)  G.   Tolkmitt,    Grandlagen    der  Wasserbaukunst,    2.  Aufl.    bearb.   von 
J.  F.  Bubendey,  Berlin  1907,  S.  247,  260. 

2)  X.  Franziiu  u.  G.  de  Thierry,  im  Handb.  d.  IngeniearwiBBena.    8.  Bd., 
3.  Abt.,  8.  Aufl.   Leipzig  1901,  S.  227. 

3)  Das  Wort  ist  niederdeatsch  (es  ist  daher  nicht  englisch  aaazusprecbeD). 

4)  G.  V.  Boguslawski  uod  0.  KrUmmel,  Handb.  der  Oceanographie  2,  S.  270, 
auf  Grand  Ton  Daten  von  Comoy  nnd  L,  Franzius. 

5)  M.  Comoy,  £tnde  pratique  sor  lea  marges  fluviales  et  le  mascaret,  Paris 
1881,  S.  171. 
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Gescb  windigkeitflunterschied  (o—U  betr^^  wabrend  der  Zeit  Ta :  (cd — U). 
Hierbei  legt  es  einen  Weg 

(103)  ^ 

zurilck.  Diese  Formel  ist  angreif  bar^  insbesondere  well  sie  Parallelismus 
der  Scbichten  mit  einer  scharfen  Grenze  zwiecben  Sfifi-  und  Seewasser 
Toraussetzt.  Tatsacblicb  findet  aber  eine  Yermiscbusg  statt,  wodurch 
das  Siifiwasser  rascher  stromab  und  dafiir  Seewasser  stromauf  befordert 
wird.  1) 

Yon  dem  sich  stets  andemden  Langenschnitt  des  Wasserspiegels 
eind  die  Hochwasser-  und  die  Niedriffwasserlinien  zu  unterscbeiden, 
welche  die  UmbaUung  samtlicher  im  Laufe  einer  Tide  vorkommenden 
Spiegellinien  bilden.  Die  Niedrigwasserlinie  steigt  immer^  die  Hocb- 
wasserlinie  meistens  landein,  aber  weniger  stark  als  erstere;  es  kommt 
sogar  Yor,  dafi  infolge  groBer  Erweiterung  des  Stromes  im  Binnenlande 
oder  solcber  Engbeit  und  Gewundenbeit  des  Bettes,  dafi  dieses  der  Flut 
grofie  Hindernisse  bietet,  bei  scbwacbem  Oberwasser  die  Hocbwasser- 
linie  stromauf  f  allt.*)  An  der  Flutgrenee^  wo  die  Flutbewegung  unmerk- 
licb  wird,  treffen  beide  Linien  zusammen;  der  Flutstrom  selbst  bort 
schon  unterbalb  der  Flutgrenze  auf.  Es  kaon  in  grofien  Stromen  Tor- 
kommen,  dafi,  ebe  eine  Flutwelle  die  Flutgrenze  erreicbt,  bereits  eine 
zweite  Welle  in  den  Strom  eintritt;  auf  der  Elbe  und  Weser*)  sind 
z.  B.  zeitweilig  zwei  Flutwellen  vorbanden,  und  auf  dem  Amazonen- 
strom,  dessen  Flutstrecke  etwa  1000  km  mifit,  sollen  derer  sogar  sieben 
bis  aebt  gleicbzeitig  laufen. 

Da  wabrend  der  Ebbe  die  Flutmassen  wieder  abfliefien  miissen^ 
liegt  im  oberen  Teil  von  MQndungsstrecken  nicbt  nur  das  Hocb-,  son- 
dem  aucb  das  Niedrigwasser  bei  Springflut  bober  als  bei  tauber  Flut^), 
wabrend  am  Meer  bei  Springflut  zwar  das  Hocbwasser  besonders  bocb 
steigt,  dafiir  aber  das  Niedrigwasser  besonders  tief  sinkt.  Die  Spiegel- 
linie  scbliefit  sicb  bei  Niedrigwasser  selbstverstandlicb  der  FluBsoble 


1)  W.  C.  Unwin,  Tbe  Engineer  66  (1883 »),  S.  66;  B,  W.  P.  Birch,  Min.  Proc. 
Inst.  Civ.  Eng.  78  (1884),  S.  212;  B.  Latham,  ebenda  S.  222.  Hoech  fiibrt  auf 
das  Eindringen  scbwereren  Seewassers  zuriick,  dafi  auB  Dockb&fen  einige  Zeit 
nacb  dem  Offnen  dei  EinfabrtsBcblense  bei  noch  steigender  Flut  Wassei  an  der 
Oberfl&che  dnrcb  die  Scbleufie  ausfliefit.  Hierdbei  Polemik  mit  J.  Volk,  Zentralbl. 
d.  Banveiwalt.  22  (1902),  S.  636;  26  (1906),  S.  438;  29  (1909),  S.  246. 

2)  i.  Franziua  n.  G.  de  Ihierry,  a.  a.  0.  S.  229,  280. 
8)  Ebenda  S.  229,  230. 

4)  M.  Comoy,  fltndes  pratique  snr  les  marges  fluviales  et  le  mascaret,  Paris 
1881,  S.  122,  282,  290  nsw. 
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enger  als  bei  Hochwasser  an  und  die  Mitte  zwischen  Hoch-  imd  Niedrig> 
wasser  liegt  bei  Springflut  hoher  als  bei  tauber.^) 

Da  man  den  EinfluB  der  Reibung  auf  den  Fortschritt  und  die 
Formanderung  einer  Welle  nicht  kennt,  ist  eine  genaue  Vorhersage,  wie 
die  Flutwelle  nach  AusfQbrung  einer  Stromregelnng  sich  gestalten  werde, 
nicht  moglich.  Um  an  der  Weser  die  Flutknrven  fUr  das  geplante  Siarom- 
bett  zu  ermitteln,  begniigte  sicb  L.  Franaitis^)  daher  mit  der  einfaclien 
Formel  (88 a)  Scott-BusseU^  gj  =  yg{n+  A).  Indem  er  die  Flutknrve  an 
der  anfiersten  MCLndung  kannte,  zerlegte  er  sie  der  Zeit  nach  in  Teile, 
berechnete  fiir  jeden  Teil  die  Fortschrittsschnelligkeit  co  und  hieraus 
die  Fortschrittsdauer  bis  zu  einem  benachbarten  Flufipunkte  und  erhielt 
durch  graphisches  Auftragen  die  Flutkurve  der  letzteren  Stelle.  So 
wurde  schrittweise  fori^efahren.  Doch  gab  dies  nur  die  Flutkurven  der 
Flutzeit^  wahrend  deren  Ebbehalften  nur  nach  Analogie  der  alien  Eurven 
des  bestehenden  Stromes  entworfen  werden  konnten.  Sicher  ist  es,  daB 
je  ungehinderter  die  Flutwelle  sich  bewegen  kann^  eine  desto  grofiere 
Wassermenge  mit  der  Flat  nach  oben  und  mit  der  Ebbe  zuruckstromt, 
das  Bett  ausbildend  und  erhaltend.  Als  vorziiglich  in  Betracht  kom- 
mende  Hindemisse  sind  scharfe  Kriimmungen,  Spaltungen  durch  Inseln 
oder  hohe  Sandbanke,  Ungleichmafiigkeit  in  den  Querschnitten,  und 
zwar  sowohl  zu  grofie  und  zu  geringe  Breite^  und  endlich  Unebenheit 
des  Bettes  und  der  Ufer  zu  nennen. 

Es  ist  schon  oben  bemerkt  worden,  dafi  bei  der  Flutbewegung  kein 
Parallelismus  der  Schichten  herrscht,  das  heifit,  daB  sich  die  Wasser- 
teilchen  eines  Querschnittes  ungleich  schnell  bewegen.  So  haben  JRobert 
Stevenson^,  P.  Caland^)  und  W.  R.  Broume^)  beobachtet,  daB  bei  Ebbe- 
stromung  an  der  Oberflache  in  der  Tiefe  StiUstand  oder  Flutstromung 
besteht,  und  B,  Latham^)  berichtet,  daB  in  der  Themse  bei  Ebbe  seicht 
tauchende  Schwimmkorper  rascher  als  tieftauchende  schwammen^  welche 
Stromungsweise  iibrigens  der  in  ge  wohnlichen  Lauf  en  entspricht.  Wahrend 
der  Flut  wanderten  jedoch  die  tieftauchenden  Schwimmer  rascher  als  die 
anderen  stromauf.  Der  Umstand,  daB  das  Binnenwasser  oben  rascher 


1)  David  Stevenson^  The  principle  and  practice  of  canal  and  river  enginee- 
ring 3  ed.  Edinbargh  1886,  8.  96. 

2)  0.  Gercke,  W.  Nienburg,  L,  Franzius,  Projekt  zur  Eorrektion  der  Unter- 
weser,  Leipzig  1882  n.  Handb.  d.  Ingenieurwissenschaften,  3.  Bd.,  8.  Abt,  3.  Anfl., 
Leipzig  1901,  S.  261.  B.  Latham  fand  Scott  Busselh  Formel  an  der  Themse  stim- 
mend,  Min.  Proc.  List.  Civ.  Eng.  78  (1884),  S.  227. 

3)  David  Stevenson,  The  principles  etc.,  S.  133,  148. 

4)  Allgem   Bauzeitung  29  (1864),  S.  108. 

6)  Minutes  of  Proceedings  of  the  Inst,  of  Civ.  Eng.  66  (1881),  S.  20. 
6)  Ebenda,  78  (1884),  S.  227. 
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als  nnten  fliefit,  aufiert  sich  also  bei  der  Flntbewegung  daring  dafi  letz- 
tere  an  der  Oberflache  mehr  als  in  der  Tiefe  durch  das  Binnenwasser 
gehindert  wird. 

61.  Die  Spmngwelle.  Eine  eigentiimlicbe  Form  der  Flatwelle 
bildet  die  SprungweUe  (Sturzwelle,  Stunner^  Bore^  Mascaret)^  welche  in 
trichterformigen,  sich  ziemUch  gleichmafiig  yerjiingenden,  bei  Nieder- 
wasser  seichten  Flufischlaachen  unter  der  Einwirkung  hoher  Flut  ent- 
stebt.  Bei  abnebmender  Breite  wacbst  namlich  nacb  J,  ScoU-BusseW^) 
die  Wellenhohe  nabezu  wie  der  reziproke  Wert  der  Wurzel  aas  der 
Breite.  Die  Yerjtlngung  des  Bettes  steigert  also  die  Wellenbohe  and 
damit  den  Schnelligkeitsunterschied  zwiscben  Scbeitel  und  FoB  und  be- 
fordert  damit  das  Brechen');  welches  allerdings  nacb  Scott-RiiSseU  nnd 
Saein,  wie  oben  S.  175  bemerkt,  aof  aUe  Falle  erfolgen  soil,  wenn  die 
Erbebnng  tlber  dem  alten  Rubespiegel  der  Tiefe  unter  demselben  un- 
gefahr  gleicb  wird.  Auch  das  Ansteigen  der  Soble  yenirsacht  i^ach 
ScottrBusseU  eine  geringe  Erbdbnng  des  Scbwalles,  so  seien  zwei  Stellen, 
die  sicb  fiber  10  cm  tiefem  Wasser  4,6  bzw.  2,5  cm  erboben,  auf  5,6  cm 
bzw.  3  cm  Erbebnng  gewacbsen  als  sie  in  5  bzw.  3  cm  tiefes  Wasser 
gelangten.')  Am  besten  stndiert  ist  die  SpruDgwelle  der  Seine.  H.  £. 
JParUot^)  bescbreibt  einen  bier  beobacbteten  „Ma8caret^  yon  2,18  m 
Hobe,  dem  5  oder  6  Wogen  mit  den  Scbeiteln  etwa  1,5  bis  2  m  Uber 
den  Zwiscbentalem  folgten;  2^^  Minuten  nacb  dem  Durcbgang  der 
Sprangwelle  stand  das  Wasser  1,68  m  boher  als  znyor.  Stromteilungen 
konnen  za  einer  Spaltang  der  Sprangwelle  Anlafi  geben,  die*  geteilten 
Wellen  konnen  sicb  bei  Wiederbegegnnng  dnrcbdringen  and  yon  den 
Ufem  kann  die  Welle  in  Form  beftiger  Wallangen  znriLckgeworfen 
werden.  H.  Bcusin^)  bat  die  Angaben  Partwis^  so  wie  altere  yon  Poiree 
nachgerecbnet  and  die  Formel  (92)  ©  ■=  yg{ir+h)  —  U  bestatigt  ge- 
fanden.  Es  war  z.  B.  die  Ebbegescbwindigkeit  U »  0,4  m  sec  die  ur- 
sprdDgliche  Tiefe  fi^=  3,3  m,  die  Wellenerhebang  A  =  0,4  m,  wonach 
4D  «»  5,62  zu  erwarten  war,  was  yon  der  gemessenen  Scbnelligkeit  yon 
5,36  msec^  wenig  abweicht.  H.  Bazin  bemerkt  weiter,  dafi  in  der 
Zeiteinheit  die  Ebbestromang  die  Menge  HTJ  ftihrt  and  der  Scbwall  in 
der  Zeiteinbeit  die  Menge  hm  erfordert.    Je  nacbdem  "hca^HU  v&ip 


1)  Report  of  the  7*^  meeting  of  the  British  AsBOciation  1887,  London  1838, 
8.  426. 

2)  VgL  oben  A,  Bitten  Gl.  (94  i). 

3)  Report  of  the  14^*"  meeting  of  the  British  Association  1844,  London  1845, 
8.  854. 

4)  Ann.  d.  ponts  et  chauss.  (4)  1  (1861^),  S  17. 

5)  Recherches  hydraaliques,  2,  S.  144. 
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finde  demDach  beim  VorubergaDg  des  Mascaret  eine  Umkehr  der  Stro- 
mungsrichtang  statt  oder  nicht.   Beides  ist  schon  beobachtet  worden. 

Der  Einflnfi  der  urspninglichen  Oeschwindig- 

"^^'J  _"f  keit  bewirkt  auch,  daS,  wie  PaHiot  bemerkt^ 

U  ^   j^  ^ — Oder  — ^  die  Sprungwelle  an  den  Ufem  (bei  seiner  Be- 

♦ obachtung  z.  B.  8  Minnten)  frflher  als  in  der 

Flafimitte  aoftritt. 
Nach  M,  MoUer^)  ist  bei  einer  mit  co  fortschreitenden  Sturzwelle 
die  Geschwindigkeit  u^  des  h^  tiefen  Flutstromes  von  der  ti^  des  tiber- 

schaumenden    Wassers    unabhangig 
und  gilt  fiir  die  relativen  Geschwin- 

f - '^^ .. .   digkeiten  filr  die  ruhend  gedachte  A^ 

^-         ^r\      '  j  hobe  Sprungwelle  (vgl.  oben  die  Ab- 

i ^^^         Jj.     ^ y...        leitung  der  Gl.  (102  a))  bei  einer  Ge- 

t ^  __  ^  I  schwindigkeit  u^  des  \  tiefen  Elbe- 

i * t stromes  die  Kontinuitatsbedintranir 

oder 

oder 

(104)  «  =  W8+K+«s)^- 

Aufier  der  Seine')  zeigen  neben  anderen  Fltlssen  aucb  die  Garonne^ 
Severn ;  der  Amazonenstrom  und  besonders  der  Tsientangkiang')  die 
Erscheinung  des  Bore.  Im  Tsientangkiang  naht  diese  als  eine  bis  zti 
3,7  m  hobe  tlberstiirzende  Wasserwand,  deren  Brausen  man  2y^  Meilen 
weit  hort.  Jede  Schiffahrt  ist  zu  der  Zeit  am  Flufi  ausgeschlossen.  Nach 
der  Woge  eilt  der  Flutstrom  aufwarts,  und  diesen  benutzen  die  Schiffe^ 
welche  aufien  in  See  warten;  aucb  setzt  sich  meistens  das  Steigen  des 
Wassers  noch  fort,  denn  der  Unterschied  zwischen  Niedrig-  und  Hoch- 
wasser  kann  6,5  m  erreichen.  Auch  auf  der  Ems  ist  die  Sprungwelle 
vor  etwa  50  Jahren  haufiger  vorgekomraen  und  trotz  rermehrter  Wasser- 
tiefe  jetzt  noch  nicht  ganz  yerschwunden. 

62.  Wanderwellen.  Bildet  sich  in  einem  Wasserlaufe  Ton  geringem 
Gef alle  und  geniigender  Tiefe  eine  Welle,  so  bewirkt  der  Gef  allsunter- 

1)  ZeitBchr.  f  Arch.  u.  Ing.-WeseD  (J)  2  (1897),  Sp.  204. 

2)  H.  L.  Partiot,  Ann.  d.  ponta  et  chanes.  (4)  1  (1861*),  S.  17;  M.  Comoy, 
£tnde  pratique  but  lea  marges  flavialee,  Paris  1881,  S.  180,  298,  300,  319,  349; 
Geographical  Jonmal  19  (1902).  S.  92. 

3)  W.  U.  More,  Report  on  the  Bore  of  the  Tsien-Tang-Kiang,  London  1888; 
ders.  further  Report,  London  1893,  anch  SchoU,  Ann.  der  Hydrogr.  u.  maritimen 
Meteorologie  24  (1896),  S.  466. 
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Bchied  zwischen  dem  stromaufgekehrten  Teil  AB  des  Wellenberges  und 
dem  stromabgekehrten  Teil  BC,  daS  weniger  Wasser  gegen  B  zulaufb^, 
als  yon  B  abflieBt^  wodurch  der  Berg  wieder  einsinkt.  Bei  geringer  Tiefe 
und  steilem  Gef  alle  yerliert  aber^  wie  Farchheimer  bemerkt,  ein  kleiner 
Gefallswechsel  an  Bedentnng^),  so  dafi,  weil  Durcbfltisse  unter  soDst 
gleichen  Umstanden  mit  der  Tiefe  wachsen,  etwas  Ahnliches  wie  bei  der 
Entstehnng  eines  ScoU'RusseUschen  ScbwaHes  geschieht,  yon  welchem 
sich  die  Wanderwellen  allerdings  durch  ihre  mehr  sagezahnartige  Form^ 
mit  steilem,  brecbendem  Eopf^  unterscbeiden. 

Eb  ist  seltsam^  dafi  diese  Bewegungsweise  bis  in  die  neueste  Zeit  un- 
beachtet  blieb,  denn  die  erste Erwabnung  gescbab  1884  dnrcb  G.Maw^\ 
dem  sie  am  Thuner  See  in  einem  gepflasterten  Gerinne  yon  Trapez- 
querscbnitt  nnd  dem  Gef  alle  1  :  9  im  oberen  und  1  :  12  im  unteren 
Teile  auffiel.  Unabbangig  hieryon  entdeckte  sie  Th.  Christen^),  als  er 
die  yykritische  Geschwindigkeit'^  bei  offenem  Spiegel  ermitteln  wollte. 
Statt  des  erwarteten  gleichiormigen  Fliefiens  trat  eine  intermittierende 
Bewegung  ein^  die  er  spater  in  einer  Wildbachschale  yon  0^1  Neigung 
(yielleicbt  der  Maws)  am  Thuner  See  und  einer  anderen  yon  0^05  bis 
0,15  Neigung  am  Brienzer  See  wiederfand.  Zunachst  obne  Kenntnis 
seiner  Yorganger  untersuchte  Ph.  Farchheimer  Wanderwellen  am 
Schmittenbach  in  Zell  am  See,  wo  bei  niebt  zu  bohem  Wasserstand  der 
Spiegel  einen  sageformigen  Langenscbnitt  annimmt.  Dieser  Wildbacb 
besitzt  auf  730  m  wagrechte  Lange  und  35,4  m  Uohe  eine  gleichmaBig 
geneigte  glatte  Soble,  die  auf  den  oberen  600  m  mit  Bruchsteinpflaster, 
auf  den  unteren  130  m  bis  zum  See  durcb  einen  Holzbelag  yersicbert 
ist  und  sibb  gescbiebefrei  erhalten  bat.  Letzteres  ist  yon  Belang,  da 
sich  bei  rauher  unregelmaBiger  Oberflacbe,  wie  bei  den  natQrlichen 
Wildbetten  im  Gebirge  keine  Wanderwellen  zeigen.  Am  Beobacbtungs- 
tage  folgten  einander  die  geraden  Wellenkamme  in  unregelmaBigen  Zeit- 
intenrallen  yon  4  bis  20  Sekunden;  wenn  ein  solcher  schaumender  Eamm 
an  die  M&iduDg  gelangte,  stUrzte  er  mit  starkem  Rauschen  in  den  See. 
Die  grofite  Wellenlange  wurde  zu  45  m  bestimmt,  wahrend  die  abfallen- 
den  EopfBachen  nur  10  bis  12  cm  GrundriBbreite  aufwiesen.  Haufiger 
als  in  Wildbachen  hat  man  Gelegenheit  Wanderwellen  in  steilen  Wasser- 
leitungen  anzutrefifen,  wenn  das  Wasser  die  Rohre  nicht  fQllt,  femer  in 


1)  Wien  Bar.  112**  (1903),  S.  1697  =  Z.  f.  GewaeBerk.  6  (1904),  S.  321. 

2)  The  Engineer  68  (1884*),  S.  294.  In  Brit.  Assoc.  Rep.  74  (1904),  London 
1906,  S.  801,  woselbst  Abbildung  des  Gninbaches,  wurde  der  Name  rolhcavts 
Yorgeschlagen. 

3)  Ih.  Christen,  Das  Gesetz  der  Translation  des  Wassers,  Leipzig  1903,  S.  132 ; 
▼gL  oben  S.  60. 
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Wasserf  alien,  in  denen  sie  sich  in  Form  abgesonderier  Schleier  zu  er- 

kennen  geben.  Zur  kanstlichen  Heryorrufung  genQgt  eine  gerade  Rinne, 

die  z.  B.,  weil  die  Wellen  zu  ihrer  Ausbildung  eine  gewisse  Lauflange 

erfordern,  bei  0,16  oder  mehr  Gefalle  mindestens  6  m  lang  sein  soil. 

Die  geringste  Sohlenneigang  bei  Wanderwellenbildang  fand  Ph.  Foreh- 
heimer^)  im  Triebener  Bach  in  Obersteiermark,  dessen  abgetreppte,  8  m  breite 
Sohle  F19,chen  von  0,02  Gef&lle  aufweist.  Am  Beobachtungstage  zeigte  sich  eine 
dieser  Fl&chen  von  23  m  L&nge  in  der  Grenzlage,  in  welcher  Wanderwellen  nur 
zeitweise  entstehen.  Damals  war  die  Tiefe  28  bis  29  cm,  die  Geschwindigkeit 
hineingeworfener  Schwimmer  etwa  2,24  m  sec^  die  Schnelligkeit  8,19  m  8ec~^  — 
Der  Wildbach  Zviroxuak*)  bei  Cattaro  hat  eine  gepflasterte,  an  der  Sohle  2  m 
breite  Schale  von  Trapezqaerschnitt  and  besitzt  zwischen  einer  Grundschwelle 
and  dem  Meer  nachiitehende  Gef&Ue:  80  m  za  0,08,  801  m  za  0,06,  120  m  za  0,06, 
60  m  zu  0,088  and  205  m  za  0,025.  Wenn  die  Tiefe  zaoberst  5  bzw.  10  cm  be- 
trug,  zeigten  sich  Wanderwellen  80  bzw.  40  m  anter  der  GrundBch welle ,  doch 
waren  sie  im  ersten  Falle  an  der  Mtindnng  kaam  sichtbar.  Stieg  die  oberste 
Tiefe  aaf  25  cm  (and  hiermit  die  anterste  aaf  50  cm),  so  hOrte  jede  Wellen- 
bildnng  aaf. 

Bei  der  Bewegung  wandert')  der  sageartige  Langenschnitt  stromab, 
wobei  sich  die  Zahnweite  (der  Abstand  der  Wellenkopfe)  wahrend  des 
Fortschrittes  nur  wenig  yergroSert.  Darch  Eingufi  yon  Farbstoffen  oder 
durch  Schwimmkorper  kann  man  sich  leicht  tlberzeugen,  daB  die  Wellen- 
schnelligkeit  die  Stromungsgeschwindigkeit  Qbertrifft.  Bezeichnet  co  die 
Schnelligkeit,  U^  die  Stromungsgeschwindigkeit  der  tiefsten,  U^  die  der 
seichtesten  Stelle,  so  betragt  die  relatiye  Geschwindigkeit  des  Wassers 

gegeniiber  der  Welle  m  —  Ui  bzw.  a  —  17,.  Wenn 
nun  der  ganzen  Masse  eine  riicklaufige  Geschwin- 
digkeit o  erteilty  d.  h.  die  Sage  stiUstehend  ge- 
dacht  wird,  so  lauft  das  Wasser  mit  den  Ge- 
schwindigkeiten  ©  —  C/j  und  cd  —  U^  stromauf. 
Der  DurchfluB  muB  dabei  unter  der  unyeranderlichen,  fixen  Oberflache 
liberall  gleich  groB  sein.  Bedeutet  dann  weiter  h^  die  groBte  und  h^  die 
kleinste  Tiefe,  so  gilt  also 

(105)  h^(G) -  U,)  =  h^{(o -  C/,). 

Hieraus  folgt  sofort,  da  \  >  h^  ist,  daB  (o  —  Z/J  <{(o  —  U^)  oder  Ui>  U^ 
sein  muB.  Wenn  eine  Welle  eine  Wasserpartie  einholt,  so  springen  deren 
Oberflachenteilchen  yon  der  Hohe  \  zur  H5he  \  empor,  wahrend  das 
Wasser  zugleich  eine  Beschleunigung  yon  U^  auf  U^  erfahrt.   Endigt 


1)  Bisher  unverOffentlicht. 

2)  F.  Weltzebach,  bisher  anverOffentlicht. 

8)  Fh.  ForcMieimer ,  Wien  Ber.  112**  (1903),  S.  1700  =-  Z.  f.  GewSsserk.  6 
(1904),  S.  328. 
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das  Gerinne  mit  freiem  Ausflufi,  so  geht  dieser  demnach  sfcofi-  oder 
schofiweise  vor  sich.  Bei  YoUkommener  AusbilduDg,  wie  sie  bei  sehr 
steilen  Gerinnen  nnd  bei  Wasserf  alien  eintritt,  wird  h^  nahezn  Null. 
Dann  lost  sich  der  Schwall  in  Zungen  auf,  die  beschleunigt  abwarts 
stQrzen  und  fQr  die  C/^ «  U^^  (o  ist.  Bei  geringem  Unterschiede  yon 
Ui  und  U^  ist  hingegen  naherungsweise 

und  wird  (105)  naherungsweise  zu 

U,\w  -  U,)  -  U,*(a>  -  U,) 
oder 

-tr,«-d,«  u,  +  u, 

somit,  da  U^  wenig  yon  U^  abweicht,  ungef ahr 
(105a)  a}  =  l,5[7i-l,5Crj. 

Fdr  sehr  seichte  Rinnsale,  fQr  die  nach  Gl.  (50)  U  proportional 
mit  A^*^  wachst;  erhalt  man  statt  dessen  f&r  geringe  Geschwindigkeits- 
unterschiede 
(105  b)  (D-l,7f7i-l,7U,. 

Eine  bemerkenswerte  Eigenschafb  der  Wanderwellen^  die  auch  bei  ihrem 
Entstehen  mitwirkt^  ist  die,  dafi  hohere  rascher  als  niedrigere  wandem, 
also  letztere  einholen,  worauf  beide  Wellen  zu  einer  noch  hdheren  und 
flchnelieren  yerschmelzen.  Eine  Regel  fQr  die  Entstehung  kann  man  aus 
dem  Beynoldsschen  Ahnlichkeitsgesetz  ableiten,  indem  man  yoraussetzt, 
daB  die  Wanderwellen  wesentlich  durch  die  Schwerkraft  heryorgerufen 
werden.  Dann  sind  die  Falle,  in  denen  sie  sich  bilden,  untereinander 
nach  (22  b)  durch  die  Bedingung 

yerknflpft  oder  erfordert  die  Erscheinung,  daB  U^:h  einen  bestimmten 
konstanten  Wert  Uberschreite.  Jedenfalls  erfordem  Wasserwellen  ein 
flteiles  Gerinne ;  wahrend  die  Sturzwelle  (Bore)  Hber  wenig  geneigter, 
ja  selbst  fiber  ansteigender  Sohle  entsteht. 

Einen  Grenzfall  beobachtete  Fh.  Forchheimer  ^  wie  schon  erw&hnt,  an  dem 
in  Brachsteinen  gepflasterten  Triebener  Bach.  Die  Oberfi^hengeschwindigkeit 
betrag  2,24  m  sec  ^  daher  nach  Bazin-Boitssinesq  (Gl.  62d)  die  mittlere  Ge- 
schwindigkeit  {7iingeffi.hr  1,68  msec'^,  wonach  Wanderwellen  iiber  Bruchstein- 
pflaster  entstehen,  wenn  27' :  ^  ]>  10  m  8ec~'  ist.  Dabei  mnfi  man  allerdinga  noch 
fordem,  dafi  die  Unebenheiten  der  Sohlen  der  verschiedenen  L&ufe  sich  wie 
deren  h  verhalten. 
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63.  Hoohwasserverlanf  in  FltLsseiL  Bei  AnBchwelluBgeny  wie  sie 
Hochwasser  hervorrufen,  wandert  der  Schwall  imter  fortgesetzter  Ver- 
anderung  der  Oberflache  stromab;  dabei  hat  diese  eine  so  geringe  Eriim- 
mung  und  geschieht  die  Umwandlung  so  langsam,  dafi  es  einerseits  nicbt 
gestattet  ware^  bei  rechnerischer  Verfolgung  des  Yorganges  die  Reibung^ 
zu  yemachlassigen;  und  dafi  man  andererseits  die  Gesetze  der  stationaren 
und  fiir  zylindrische  Flufistrecken  sogar  die  der  gleichformigen  Bewegung 
anwenden  darf.  Bezeichnet  x  die  (stromab  zunehmende)  Lange  des  Flusses^ 
t  die  Zeit^  Q  den  Durchflufi  (Wassermenge  in  der  Zeiteinheit)  und  f  ahrt 
man  mit  der  Scbnelligkeit  co  auf  dem  Flusse  stromab^  so  gelangt  man 
im  allgemeinen  yon  einer  Stelle,  an  der  Q  durchflieSt,  zu  einer  solcben 
mit  abweichendem  Durchflufi,  wobei  gemafi  der  gewahlten  Bezeichnung 

sein  muB.  Bewegt  man  sich  aber  so  rasch  wie  Q  selbst,  bedeutet  ako  o 
die  Schnelligkeit,  mit  welcher  ein  hesHmmter  Durchflufi  (nicht  zu  ver- 

wechseln  mit  dem  Wasser  selbst) 
abwarts  wandert,  so  ist 

^'^'^•^i  und  gilt  daher  far  die  SchneUig- 
keit  des  Durchflusses^) 

(106.)  0-||„  +  '^. 

Nun  mufi  einerseits  der  Eontinuitat  wegen  die  Zunahme  der  in  der 
Langeneinheit  des  Flusses  enthaltenen  Wassermenge  dem  Unterschied 
Yon  Zu-  und  Ablauf  gleichen  oder,  wenn 

h  die  Breite  des  Wasserspiegels, 
H  die  grofite  Tiefe  (Hohe  des  Spiegels  fiber  der  sogen.  Stromrinne) 

bedeutet, 

(106b)  ^'f--|S 

sein,*)  und  ist  andererseits,  weil  das  Gefalle  J"  sich  mit  der  Zeit  kaum 

1)  Diese  Formel  ruhrt  von  Kleitz  her,  welcher  sie  nach  Graeff,  M^m.  pr^s. 
par  div.  sav.  21  (1875),  S.  581  zueist  1858  in  einei  autographierten  Schrift  anf- 
stellte.  Kleitz  verGffentlichte  sie  dann  in  den  Ann.  d.  ponts  et  chanss.  (5)  14 
(1877*),  S.  146. 

2)  Kleitz  vermutet  a.  a.  0.  S.142,  dafi  A.J.Dupuit,  in  seinen  ftndes  theo- 
ziques  et  pratiques  snr  le  monvement  des  eanx,  2.  ^d.,  Paris  1868,  §  102,  S.  14^ 
diese  Beziehung  zaerst  abgeleitet  habe. 
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anderty  also  Qan  der  betreffenden  Stelle  wesentlich  Fimktion  des  Wasser- 

fltandes  ist^ 

a06c)  dQ_dQ    dH 
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dH   dt 
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DaS  Q  in  der  Tat  wesentlich  Yon  h  abhangt^  geht  daraus  hervor;  dafi 
schon  bei  rechteckigem  Qnerschnitt  Q  so  wie  A'/>^  bei  anderen  Quer- 
schnitten  aber  noch  starker  wachst,  wahrend  Q  mit  JVs  proportional  ist. 
Zudem  pflegt  sich  die  Tiefe  bei  Hocbwasser  zu  vervielfachen.  Beispiels- 
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weise^)  zeigte  ein  grofies  Hochwasser  der  Donau  1899  oberhalb  lAnz 
auf  einer  65^8  km  langenStrecke,  die  nnr  unwesentliclie  seitliche  Zufliisse 
erhalt,  folgende  Hohenyerlialtnisse  (alle  Mafie  sind  m) 

Engelhartzell  Linz         HOhennnterschied 

Spiegeikote  Tor  dem  H.  W.  280,62  250,86  30,16 

HOchete  Eote  des  H.  W.  288,21  256,90  81,S1 

Es  folgt  aus  (106  a)  durch  Vereinigtrng  mit  (106  b)  und  (106  c)  fiir  die 
SchneUigkeit  der  Wandenmg*)  von  Q 

(106d)  -  —  g  -  I  li- 

dx 

Bedeutet  femer  U  die  mittlere  Stromungsgeschwindigkeit,  F  den  Quer- 

schnitty  80  ist 

Q-UF, 
also 

dg-  UdF+FdU-^  VbdH+FdU 
und 

80  dafi  aus  (106  d)  die  neue  Gleichung 
(107)  ^^u+^'^l 

hervorgeht'),  welche  raschen  Einblick  dariiber  gewahrt^  ob  die  Durch- 
flufischnelligkeit  o  grofier  oder  kleiner  als  die  Stromungsgeschwindig- 
keit  U  ist^  und  zeigt,  dafi  meist  ersteres  der  Fall.  Haufig  fafit  man 
jedochy  wo  das  ^berschwemmungsgebiet  von  der  Flufirinne  scharf  ge- 
trennt  ist^  weniger  logisch  nur  die  in  der  Flufirinne  herrscbende  mitt- 
lere Oeschwindigkeit  als  Stromungsgeschwindigkeit  auf,  und  sagt  dann^ 
dafi  die  SchneUigkeit  sie  nicht  erreiche,  wabrend  tatsachlicb  (o>  U, 

namlich  >  ^  ist. 


1)  Beitr&ge  znr  Hydrographie  OsteireichB,  herausgeg.  y.k.k.hydrographi6chen 
Zentralbureau  {E.  Lauda\  4.  Heft,  Die  HochwaBserkataBtrophe  des  Jahres  1899, 
Wien  1900,  S.  125,  126.  —  t^ber  Hoohw&sBer,  insbesondere  in  deutachen  Str5men, 
aiehe  feraer  R.  Jastnund  im  Handb.  d.  IngenieurwiBBenscb.,  S.  Wasserban,  1.  Bd.^ 
4.  AuA.y  Leipzig  1911,  S.  S02  u.  f.;  H,  Struve,  Einflofi  yon  Niederongen  und  Ein- 
deichongen,  DiBB.,  Halle  a.  S.  1911. 

2)  Abgeleitet  von  Ph,  Breton  (Snr  les  barrageB  de  retenue  des  graviers  dana 
les  gorges  des  torrents,  Paris  1867,  Eap.  2)  und  von  Grcte/f,  Paris,  M^m.  pr^B. 
par  div.  say.  21  (1875),  S.  580. 

S)  KUiU,  Ann.  d.  ponts  et  chanss.  1877',  S.  147;  Graeff,  M^m.  pr^.  par 
div.  sav.  21  (1875),  S.  579;  Bousiinesq,  Eaox  conrantes,  S.  476. 
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Ftir  die  jeweilig  Iiochsten  Wasserstande^  also  f&r  den  YorUbergang 
der  Welleiikappe.  ist 

it       ^> 


dt 


also  gemaB  (106b)  auch  ^f  =  0,  daher  bUdet 


rmax 


(108)  Q  -  konst.  =-  ft 

die  Gleichung  der  Yerbindungslinie  der  zeitlich  aufeinanderfolgenden 

Scheitel  des  wandemden  Hochwassers,  dessen  wechselnde  Hohe  dann^ 

wenn  man  yon  etwelchen  unter- 

wegs  erfolgenden  ZnflQssen  ab- 

siehty  Yom  Gefalle  and  der  Bett- 

gestalt  der  yerschiedenen  Flufi- 

punkte,  abhangt.   In  erster  An- 

nahemng  kann  man  (108)  fest- 

halten,  d.  h.  annehmen,  daS  der- 

selbe  Hochwasserdnrchflufi  Qma 

durch  alle  Querschnitte  stromt 

und  dafi  Uferbauten,  Eindammungen  u.  dgl.  ihn  nicht  yerandem. 

Tntgt^)  man  unter  dieser  Annabme  fflr  yerschiedene  Uferpunkte 
die  Zeit  als  Abszisse,  den  Durchflufi  als  Ordinate  auf^  so  erhalt  man 
Eoryen  gleicben  ScheitelkrUmmungshalbmessers.  Das  gebt  daraus  her- 
yor,  dafi  gemafi  (106 d)  zwei  gleiche  Durcbfltisse  Qmax  —  SQ,  yon  denen 
sich  der  eine  etwas  yor,  der  andere  etwas  hinter  dem  Scheiteldurchflnfi 
QmMx  befindety  dieselbe  Flufistrecke  gleich  schnell  durcbwandem.  An 
alien  Flufistellen  kehrt  daher  sowohl  dasselbe  Zeit- 
interyall  J^  zwischen  den  beiden  Qhmx  —  SQ,  wie 
auch  derselbe  Durcbflufiunterschied  d  Q  wieder,  daher 
derselbe  KrQmmungsradius 


(108  a) 


r  — 


Qi 


der  Enryenstellen  mit  der  Ordinate  Qmux-  Auch  durch  Strombauten  er- 
leidet  r  im  allgemeinen  keine  Anderung. 

Da  die  Q  mit  der  Schnelligkeit  a  fortschreiten,  ist  die  Zeit^  die 
zwischen  dem  Auftreten  eines  Q  im  Punkte  Null  und  dem  eines  glei- 
chen  Q  im  Punkte  x  yerstreicht  (s.  (106  d)). 


A^ 


X  X 


0      dH 


rdx. 


1)  Fh,  Forchheimer,  Z.  d.  det.  I.  u.  A.V.  69  (1907),  S.  S26. 
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Hierin  ist  der  Ausdruck  unter  dem  Integralzeichen  ab  Fnnktion  von  x 
and  Q  aoszadrllcken  and  Q  bei  der  Integration  als  anTer&nderlich  zu 
^  ?      betrachten.  Gilt  fOr  den  Einl&nf  im  Punkte  x  —  0 

i\         ■ 11     (109)  Q-vC)    "i"    <-*(«), 

^  g-l  ^       80  vergebt  also  von  der  Zeit  Null  bia  zum  Auftreten 

i^'""*^^*N«i  des  Durchflnsaee  Q  im  Punkte  x  die  Zeit 

(109a)  t  ~  i>iQ)  +  At~  *Ce)  +f^dx. 

Letztere  Gleichung'^)  gibt  den  ganzen  Waaserspi^el  zu  jeder  Zeit  an 
und  stellt  somit  die  allgemeine  Lt^ng  der  Differentiajgleicbong  (106a) 
bei  gleichzeitigem  Besteben  der  Beziebung  (109)  dar.  8ie  kgim,  da  b  und  B 
Funktion  des  Durcbflusses  Q  und  dea  Ortea  x  aind,  ao  anfgefaBt  werden, 
als  ob  sie  uur  die  Veranderlichen  t,  x  und  Q  enthielte.  Gibt  man  dann 
nocb  /  einen  unveranderlicben  Wert,  so  stellt  (109a)  die  Kurve  ror, 
die  ftir  dieaen  Zeitpunkt  die  x  ala  Abezisaen  uud  die  Q  ala  Ordinaten 
besitzi 

Wenn  der  Schwall  fiber  einen  Flufiponkt  binweg  ziebt,  erreicht 

offenbar  znerat  das  Qefalle  sein  Maximum,  dann  bat,  treil  die  Tiefe  noch 

»  wficbstj  obwobl  das  GefaUe  acbon  abnimmt,  die 

>  .1   i   1  Geacbwindigkeit  ibren  GroBtwert,  endlicb  hat 

ibn  der  DurcbfluS,  veil  er  sowobl  mit  der  G»- 

scbwindigkeit  wie  mit  der  Tiefe  zunimmt  Bei 

areprQnglicli  gleicbmafiigem   Flu&gefalle   und 

-qneracbnitt  ainkt,  wie  apater  gezeigt  werden 

wird,  der  Scbeitel,  namlich  der  Spiegelpunkt, 

deasen  Tangente  dieaelbe  Neigung  wie  die  Soble  bat,  bestandig  tiefer. 

Das  Wasser  erreicht  daher  acbon  bevor  der  Scbeitel  fiber  den  betreffenden 

FlufipQiikt  hinwe^egangen  iat,  aeinen  bocbaten  Stand.   Die  Tiefe  ist 

daselbat  in  diesem  Augenblicke  unveranderlicb ,  das  Gefolle  bereits  im 

Abnebmen,  also  aucb  der  DurchfluB  in  Abnabme,  irahrend  etwaa  rorber 

die  Stromong  stationor  erfolgt,  daber  oacb  (106) 

ist.  Dnrcb  Vereinigung  mit  GL  (106b),  die  man  aucb 


1)  Sie  stamnit  von  J.  Boutsinesq,  Eanx  couisntea,  S.  i12.  Die  hier  gegebene 
Ableitung  iat  Ton  Fh.  Forckheimer,  Z.  d.  Oat.  I  v.  A.V.  G9  (1907),  3.  3a6. 


68.  Hochwasserverlauf  in  Flfissen 


209 


schreiben  kann,  erhalt  man 


(D 


dQ 


dt_ 
dF 


dx  dt 

Oder,  well  wahrend  der  stationaren  Str5mung  -^  and  -^r-  unendlich 
klein  sind.^) 

(110)  ^"a^«-:aF' 

Den  bislier  entwickelten  Ausdrtlcken  liegen  keinerlei  Annahmen 
tlber  das  SoUengef  alle  and  kein  bestimmtes  Bewegongsgesetz  zugrande. 
Sie  gelten  daher  recht  allgemein.  Wird  nan  gemaB  de  Ghessy  oder  Her- 
manek  fUr  einen  rechteckigen  Qaerscbnitt 

U^cE'f^J''^    Oder    ^cH'i-J^'^ 


gesetzt,  80  nimmt  (107)  die  Form 

—1 


d-  TJ ^-H 


Oder     TJ^R 


oder 
(110a) 


o 


\tj  bzw.  ^\XJ 


an.  Ahnliche  AasdrQcke  kann  man  fUr  verschiedene  Qaerschnitte  ableiten 
tind  erhalt  so  nachstehende  Zahlen,  wenn  Unuix  die  mittlere  Gteschwindig- 
keit  liber  der  Stromrinne  bedeatet: 


Rechteck 


Parabelfl&che 


4D  :  U      nach  de  CMeys  Form  el 
m  I  U         „      Hermanek% 
w  :  Umax      ,t      ^  Chezya 
40  :  u 


t» 


»i 


/I 

V. 

7- 

8/ 

/4 

/I 

1,6 
1,76 


1,088 
1,107 


Dreieck 

% 

"/s 
0,884 

0,818 


„      Hertnaneks    „ 

Hiemach  ist  in  den  betrachteten  Qnerschnitten  die  Wellenschnelligkeit 
zwar  stets  groBer  als  die  mittlere  Geschwindigkeit  U  des  ganzen  Profils, 
aber  unter  Umntanden  kleiner  als  die  mittlere  Geschwindigkeit  Um%x 
der  Stromstrichlotrechten. 

Aas  (110  a)  geht  hervor,  daS  der  SchwaU  das  Bestreben  hat,  dort 
schneller  fortzusehreiten,  wo  die  Geschwindigkeit  groBer  ist,  mit  andem 
Worten  im  ^StromstricV  yorzaeilen.  Das  bewirkt  bei  steigendem  Wasser 
eine  —  schon  von  D.  Guglidmini  —  beobachtete  Wolbung  des  Spie- 
gels,  die  anter  Umstanden  recht  bedeutend  sein  kann.    So  betrag  im 


1)  Diese  Beziehnng  wnrde  zuerst  tou  Kleitz  1858  in  einer  autographierten 
Schrift,  dann  Ann.  d.  ponts  et  chanss.  (5)  14  (1877*),  S.  166,  196  gegeben. 

Vorohhaimor:  Hydraulik  14 
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Tronto  bei  Martin  Sicuro  im  Oktober  1897  nach  6r.  CrugnciaB^)  Mee- 
Btmgeii  vor  der  Ansufemng  die  Erhohung  rd.  40  cm  bei  rd.  100  m  Flufi- 
breite  und  sei  sie  im  FrCLhjabr  1885  55  cm  gewesen.  G.  Lorenjso  hat  im 
Po  bei  Gausale  Monferrato  1857  sogar  1,5  m  tfberhohung  bei  300  m 
Flufibreite  ermittelt.  Weniger  hanfig  ist  die  gegenteilige  Erscheinung, 
die  Einsenkung  bei  sinkendem  Wasser  bemerkt  worden,  jedenfalls  des- 
wegeiiy  weil  Hochw&sser  yiel  langsamer  zu  sinken  als  anzasteigen 
pflegen. 

64.  Verflaohiing  tiiid  Form&ndemng  der  HoohwaBserwelle.  Bis- 
her  wurde  angenommen,  daB  die  durch  den  Hochwasserschwall  selbst 
yerarsacbten  OefaUfianderongen  dem  urspriinglichen  Gefalle  gegenuber 
yemacblassigbar  sind.  Bei  stark  gekrtlmmten  Wellen  ist  dies  aber  nicbt 
der  FalL  Bedeutet^)  J  das  ursprtlngliche  Spiegelgefalle,  so  ist  bei  zylin- 
drisch'em  Bett,  wenn  H  nunmehr  die  mittlere  Tiefe  bezeichnet^  nach 
de  Ch&fys  Formel 

oder 

j^^e{J-  -^-)    --^ cFH  /.  -j—^svr.  ■ 


(--If) 


Ffir  die  Wellenkuppe  yereinfacht  sich  das,  weil  fQr  sie  sowohl  -^  als 
auch  ^  (aber  nicht  yollig  -J^j  yerschwindend  klein  werden,  zu 

,.-.v  dQ  c FH"f*  a'g Q.^_l^ 

^^^^^  ex  "         2J'/*     dx^  "~       2/   aa;« ' 

woranf  fibrigens  auch  Hermaneks  Formel  fiihrt.  Da  nun  die  Eontinuitat 

yerlangt,  daB  (ygl.  (106b)) 

.dH  dQ 

dt  ex 

sei,  folgt  fiir  die  Wirkung  der  Spiegelkrtlmmung,  die  zur  Wirkung  einer 
etwaigen  Betterweiterung  —  oder yerengung,  hinzukommt, 

.dH       Q_d^H 
^  dt  ""  2 J   cx^  ' 

Der  partielle  Differentialqnotient  gibt  im  allgemeinen  nur  die  Wasser- 


1)  Bezuglich  Literatur  und  weitere  Daten  sei  auf  G.  Crugnola^  Coirelazione 
fra  d'alveo  di  un  fiume  e  Tacqua  che  yi  cone,  Milano  1S90,  S.  22,  auch  deutsch 
Z.  f.  Gew&88eik.  4  (t902),  S.  289  yeiwiesen. 

2)  Ph,  Forchkeimer,  Z.  d.  (Jst.  I.  n.  A.V.  69  (1907),  S.  330. 
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BtandBandeniiig  an  Ort  und  Stelle  an,  ans  der  die  Hebung  oder  Senkung 
des  Scheitds  wahrend  seines  FortschriUes  durch  den  Ansatz 

dH      dH         dH 

dt  ■"  di  '^^  dx 

(vgL  z.  B.  die  Begriindung  von  (106))  hervorgeht;  fQr  die  Wellenkuppe 
dH      ^     ,  V      1^      .    dH     ..  dH 


ist  nnn  ^  —  0,  daher  fflr  sie  x—  mit 

dH 


(Ilia) 


dt 


dt 

Q    d^ 

UJ  dx* 


identisch  and 


Da  der  Scheitel  mit  der  Schnelligkeit  wandert^  benotigt  er  fOr  eioe 


Ax 


Strecke  Ax  die  Zeit  — ,  wahrend  welcher  er  seine  Hohenlage  Uber  der 

mittleren  Soble  um 

(111b)  -Afi^=4^^^-        «   ^'^^^ 


dt 


2bJ  dx^    (D 
c*H 


Terandert.    Nnn  hatte  die  Ermittlung  yon  -^  ,  ,  welcber  Ansdruck  zu- 

dem  Yon  dem  Langenrifi  der  Soble  abbangt,  seine  praktische  Schwierig- 
keit;  er  werde  daber  dnrcb  einen  anderen  ersetzt.  £s  ist, 

cQ  _  dQ dH 

dx       dH  dx  ' 

demnacb,  wie  die  Difierentiation  nacb  x  lebrt, 

d^Q  _dQ    ^   ,   d^Q  (cHY 
ai»       dH'  dx*  "^  dH^Kdx) 

und  fQr  die  Kuppe,  weil  femer  (106  d)  gilt, 


d^Q      dQ  d^JI      ,     dyi 


dx*       dH  dx^  ex' 

fQbrt  man  den  sicb  bieraus  ergebenden  Wert  in  (111b)  ein,  so  bat  man 


(111c) 


AIT- 


d*Q 


26V4D«     dx 


i  •  Ax. 


Mil^    i,jQLLi^/ 


Ziebt  eine  Welle,  die  znnachst  die  Lage  AB  bat,  wobei  in  A  und  B 

gleicbe  Durcbfltlsse  beri-scben  soUen, 

an  einem  Bescbauer  in  B  Tortiber,  so 

wird  fQr  ibn  der  gleicbe  Durcbflufi  Q 

wiederkebren,  wenn  der  Wellenpunkt, 

der  frtlber  in  A  war,  nacb  B  gelangt 

ist.   Erfordert  das  die  Zeit  ^^,  so  be- 

deutet  dieses,  dafi  AB  die  Lange  odt 

besitzt.    Steigt  femer  wabrend  dieser 

Zeit  6t  der  Durcbflufi  far  den  Bescbauer  von  Q  bis  auf  Q  +  dQ,  um 

dann,  wie  gesagt,  wieder  auf  Q  zu  sinken,  so  betragt  der  Kriimmangs- 

14* 


! 


Abszissen  x 
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radius  der  Eurve^  welche  die  x  zu  Abszissen  und  die  Q  zu  Ordinaten 
hat;  well  sie  die  SehDe  odt  and  den  Pfeil  SQ  besitzt^ 

/iiox                           ^J'Q           (to  Sty  „ 

(IIJ)  l.g-, g^-^ or. 

Der  Ausdruck  r  —  (d^)* :  8d^,  also  der  EriimmangBradias  der  Kurve, 
welche  auch  den  Durchflufi  zu  Ordinaten ,  aber  die  Zeit  zu  Abszissen 
hat,  ist  durch  einen  an  seinem  Ort  verbleibenden  Beobachter  yerhaltnis- 
maBig  leicht  bestimmbar.  Seine  EinfUhrung  in  (111c)  liefert  ftir  den 
Niedergang  der  Welle  auf  der  Strecke  Ax 

/iiQ\  AIT  _Q ^  4  ■  Q-  dQ'Ax 

yxLoj  L^n  —  25Vfl,4    r    *"  b*Jto\dty 

Da  bei  zylindrischem  Bett  das  Gefalle  an  den  yerschiedenen  Strecken- 
punkten  im  Augenblicke  des  Yoriiberganges  des  Scheitels  jeweilig  wesent- 
lich  dasselbe  wird,  kann  man  fUr  die  Berechnung  der  Abnahme  A  Q, 

welche  der  Durchflufi  Q  auf  der  Strecke  Ax  erleidet,  ^-^  mit  o^="&o 

(ygL  (106d))  yertauschen,  wodurch  man  schliefilich  aus  (113) 

(113»)  AQ-  l%t^H=  ^l^'r  =  — ^«^- 

erhalt. 

Beispiel.  Damit  AQ  von  Belang  weide,  mu6  die  Hochwasserspiegel- 
breite  h  grofi  sein.  Das  ist  z.  B.  zwischen  Wien  and  Prefiburg  der  FalL  Nach  *) 
der  ffStudie  ilber  die  Eind^mmimg  des  Marchfeldes'^  war  bei  dem  Hochwasser 
von  1899 

nach  Beilage  7,  Massenkurve  Wien — Angem  .    .  Q  b=  l0700m*8ec~' 

,,  „         1  u.  S.  44  Yon  km  15  bis  Prefiburg  b  »  1800  m 

„  „        2  die  Kote  von  Profil  20,1      .     .    .  158,69 

„  „         2    „        „        „         „       60,1      .     .  138,93 

also  das  Gefalle  J=  14,66  :  40000  ^  0,000367. 

Nach  Beil.  1  liegt  die  Franz- Josef- Brficke  2,7  km  oberhalb  km  0,  die  Landes- 
grenze  bei  km  49,82,  die  I^efiburger  Briicke  11,7  km  weiter.  Diese  68,7  km  legte 
die  Wellenknppe  nach  Beil.  7  in  32,1  Stunden  =  115560  Sek.  zurfick,  wonach 
a  =s  0,651  m  Bec~\  ©•  ^  0,167  m'  sec"*  war.  Nach  der  Massenkurve  Wien — Angem, 
Beil.  7,   war   fui  dt  =  SO  Stunden  =   108000  Sek.,   dg  =  300  m'sec""*,   also 

r  =  — ^  =  4860000  sec' m~'.   Danach  folgt,  weil  die  Verflachung  wesent- 

8  •  300 

lich  auf  der  Strecke  von  km  15  bis  Prefiburg,  also  auf  einer  Lange  Ax  «=  46000  m 

stattgefunden  haben  mufi, 

A  r^  Q^^  10700  .  46000  ^^-     ,         . 

AQ  =  -  -      — =. -  — =  459 m' sec  \ 

^        2bJQ}^r       2  ■  1800  •  0,000367  •  0,167  •  4860000 


1)  Beitr&ge  zur  Hjdrographie  Osterreichs,   herausgeg.  vom  k.  k.  hydrogra- 
phischen  Zentralbureau,  6.  Heft,  1903. 
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Hiemach  bewirkt  die  WellenTerflachtuig  zwischen  Wien  und  Prefibarg  eine  Durch* 
flufiabnahme  von  nngef&hr  460  m' sec  ^ 

Neben  den  Veranderungen,  welche  die  Welle  ortlich  darch  den 
Wechsel  dee  Bettquerschnittes  und  bleibend  durch  das  Niedersinken  des 
Scheitels  erf  ahrt,  hangt  deren  tatsachlicher  Verlauf  in  einem  Strome  in 
hohem  Gfrade  von  der  Verteilung  der  Niederschlage  oder  der  Schnee- 
schmelze  ab^  sowie  von  den  EinzelweUen,  welche  ihm  seine  Nebenfltlss^ 
zufuhren.  So  ist  es  offenbar  von  wesentlicher  Bedeutung  fiir  den  Wasser- 
standy  ob  eine  Nebenflufiwelle  gleichzeitig  mit  der  Hauptstromwelle  die 
NebenflufimQndung  erreicht.  Die  yerscbiedenen  Hochwasserwellen  des- 
selben  Stromes  weicben  daber  in  ibrem  Yerlanfe  aucb  abgeseben  Ton 
der  absoluten  Hobe  yoneinander  ab.  Einem  einbeitlichen  Gesetz  ge- 
borcben  also  nur  Hochwasser,  die  nicbt  durcb  Seitenznfltlsse  yerandert 
werden;  so  konnte  am  Rbein^)  nur  fUr  primare  Wellen  ein  Gesetz  auf- 
gefunden  werden^  also  fiir  jene,  welcbe  boben  Rbeinwasserstand  bei 
niedrigen  Nebenflufistanden  aufweisen.  Diese  WeUen  zeigen  zugleick 
fast  ausnabmslos  bei  gleicben  Hoben  an  der  Oberstromstation  die  relatiy 
kleinsten  an  der  Unterstromstation.  Das  erwabnte  Gesetz  lautet^  daS 
—  wenn  die  Nebenfltlsse  kein  Hocbwasser  fQbren  —  die  Stundenzabl 
zwiscben  dem  Eintritt  einer  in  cm  gemessenen  Pegelb5be  h  in  Walds- 
hut  und  dem  der  entsprecbenden  Scbwallhobe  in  s  km  Entfemung 

(114)    t  =-  146 [1  -0,0028 (550 -A)  +  0,000003(550- A«)]  (l  -  ^) 

ist,  worin 

a;  =  0,00001173  s*. 

Dies  gelte  bis  Caub,  440  km  unterhalb  Waldsbut,  fdr  Waldsbuter  Pegel- 
hoben  h  zwiscben  200  und  550  cm,  welch  letztere  Hobe  der  bordyollen 
BettanfCLllung  entspreche,  oberbalb  der  keine  stetige  Beziebung  zwiscben 
Schnelligkeit  und  Weglange  mebr  zu  erwarten  sei.  Fdr  wachsende  h 
nimmt  nach  (114)  die  Zeit  t  ab,  d.  b.  die  Schnelligkeit  zu,  wie  dies  alien 
frfiheren  Darlegungen  entspricht.  Ein  Hochwasseryerlauf  der  Donau, 
fUr  die  bisher  kein  abnlicbes  Gesetz  aufgestellt  worden  ist,  und  bei  der 
aucb  yon  Nebenfliissen  unbeeinfluBte  Wellen  nicbt  recht  denkbar  sind, 
ist  nach  untenstebender  Quelle*)  auf  S.  205  wiedergegeben. 

Endlicb  sei  erwabnt,  dafi  bei  der  Yerflacbung  der  Welle  aucb  das 
Versickem  des  Flufiwassers  in  den  Untergrund  mitwirkt.  Bei  Aufstellung 

1)  M.  von  Tein  im  Ergebnisse  der  UnterBuchangen  der  Hochwa88erverh3.lt- 
nisae  im  deutschen  Rheingebiete  y.  Zentralbureau  f.  Meteorol.  u.  Hjdrogr.  in 
Baden  8,  Berlin,  S.  43. 

2)  Beitr&ge  zor  Hjdrographie  Osterreichs,  herausgeg.  y.  k.  k.  hjdrograpb. 
Zentralbnreaa,  4.  Heft,  die  Hochwasserkatastrophe  des  Jahres  1899,  Wien  1900. 
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der  Gleichungen  (106  b)  und  der  ihr  folgenden  Entwickelang  ist  Toraas- 
gesetzt  worden^  daS  die  seitliche  Ausbreitung  des  Wassers  keine  Zeit  in 
Anspmch  nehme;  also  wenigstens  in  Scheitelnahe  in  ganzer  Breite  der 
Spiegel  gleichzeitig  steige  oder  falle.  Das  trifft  fUr  das  Gmndwasser 
nicht  mebr  zu. 

Neben  einer  Yerflachung  der  Wellen  bei  ihrem  Fortschritte  findet 
auch  eine  Formdnderung  in  der  Art  statt^  daB  ihr  Eopf  steiler  als  ilir 
Schweif  wird^  wodurch  fQr  die  Uferorte  das  Ansteigen  des  Wassers 
rascher  als  das  Fallen  Yor  sich  geht.  Das  kommt  daher,  daB  (vgL  (107) 
und  (110a))  die  Fortschrittsscbnelligkeit  mit  der  Stromgescbwindigkeit 
wachst;  sonach  mit  dem  Wasserstande  znznnehmen  pflegt.  Der  Scheitel 
riickt  also  scbneller  als  die  Wellenbasis  vor.  Es  ist  femer  bei  sjmme- 
trisoh  yerteilten  Wasserstanden  das  Gef  alle  auf  der  Yorderseite  der  Welle 
groBer  als  auf  der  RQckseite,  daber  vom  Geschwindigkeit  und  Schnellig- 
keit  bei  gleicbem  Wasserstande  groBer  als  rtlckwarts.  Die  Darstellung 
auf  S.  205  laBt  die  Formanderungen  klar  erkennen^).  —  Wo  daselbst  die 
Wasserstandsunterschiede  stromab  zunehmen  statt  abzunebmen,  kommt 
dies  Yon  einer  Yerengemng  des  Flufibettes  oder  yon  dem  Einlaufe  eines 
Nebenflusses  (z.  B.  der  Traun  oder  Enns). 

VULl.  Das  Strdmen  in  BShren  nnd  WasserULnfen 

bei  nnstetiger  Wandnng. 

65,  Sohlenstufen.  Eine  Stufe')  oder  ein  Gefallsbruch  der  Sohle 
macbt  sicb  in  der  Oberflache  durch  einen  Wasserprung  (Wasserschwelle, 

ressaut,  hydraulic  jump)  bemerkbar, 
welche  allerdings  hier  keine  scharf 
meBbare  Stufe  bildet.  Wenn  in  einem 
Gerinne  die  Hohe  8  der  Stufe,  die  Zu- 
lauf  und  die  Ablaufgeschwindigkeit  Ui 
und  U^y  sowie  die  ursprQnglicheTiefe  H 


1)  Eine  Aufnabme  des  Fortschhtts  nnd  der  Umgestaltung  einer  ktlnstUchen 
Hochwasserwelle  im  regelm&Bigen  12  km  langen  Elz-Dreiaam-Kanal  verOffentlichte 
M.  HonseU  in  seinem  Werk  „Der  Bodensee,  Stuttg.  1879*\  S.  148,  leider  ohne 
Angabe  der  Mafist&be,  Qber  welche  auch  Naohforschungen  der  Oberdirektion  des 
Wasser-  und  Strafienbaueft  keinen  Aufschlofi  brachten.  —  Die  Form&nderung 
&u0ert  sich  auch  darin,  dafi,  wie  S.  181  nachgewiesen,  c»  <[  O  ist. 

2)  M.  Mailer  behandelte  diese  Aufgabe  zuerst  (Z.  d.  A.  u.  I.-V.  zu  Hannover 
40  (1894),  Sp.  599),  wobei  er  einfach  vom  Bernoullischen  Theorem  ausging  und 
den  an  der  Sprungstelle  auftretenden  Druckverlust,  der  einen  betr&chtlichen  Teil  der 
urspranglich  vorhandenen  Geschwindigkeitshohe  aufzehren  kann,  vemachl&ssigte. 
A.  BiUer  gab  die  genaueren  Ldsungen,  Z.  d.  V.  deutsch.  Ing.  89  (1895),  S.  1849. 
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bekaimt  ist^  so  ist  durch  Anwendung  des  Impulssatzee  aof  zwei  Quer- 
schnitte^  die  den  Wasserspmng  emschliefien,  dessen  Hohe  h  leicht  zu 
finden.  Dabei  sieht  man  yon  Reibungsvorgangen  und  irgend  welchen 
atorenden  Einflfissen  ab^  da  der  Sprang  sich  auf  einer  so  kleinen  Stelle 
abspielt,  daB  die  Reibung  keine  wesentlicbe  Andenmg  des  7organges 
bewirken  kann.  In  der  Tat  ergibt  sich  sofort  —  wenn  man  allerdings 
noch  annimmt;  dafi  der  Gegendruck  der  Stufe  so  grofi  sei,  wie  daselbst 
der  Wasserdruck  unter  dem  durch  den  Sprung  erhohten  Spiegel  ware  — 

ftlr  die  Masse  ^BU^,  die  sekundlich  beschleunigt  wird; 

"2  2  g     ^^t—  ^l) 

Oder,  weil 
sein  mufi, 


2  2flr      H+h---8 '-'H+h  —  s^ 

wenn 

die  Ankunftsgeschwindigkeitshohe  des  Wassers  bedeutet,  oder 

(115a)         --  +  _(-2  +  ^-.^  +  -^)  +  ^--^-,=«0, 

damach,  wenn 

(115b)  ,_,_|»+^(^_|) 

gesetzt  wird, 


<116c)  |«y±|/,p»_ 


h(h  —  s) 


ff:h  = 


2*' 

Dieser  Ansstz  gilt  sowohl  fUr  steigende  wie  fi^r  fallende  Stufen,  und 
man  erhilt  z.  B.  ftlr  s  —  0,1  k  nachfolgende  Zahlenwerte: 

h:k-  0,1046  0,11  0,2  0,36  0,5  0,6  0,6384 

<p-   0,016  0,0584  0,4  0,5022  0,475  0,433  0,415 

0,016  0,112  0,7873  0,9554  0,829  0,628  0,415 

0,016  0,00486  0,0127  0,049  0,121  0,239  0,415 

F&r  h:h<.  0,1046  wird  die  Tiefe  JET  des  ankommenden  Wassers  ent- 
weder  imaginar  oder  negativ;  fOr  h:h'>  0,6384  wird  H ebenfaUs  ima- 
ginar.  Fflr  8  —  —  0,lk  erhalt  man: 

A:i=    0,1  0,2  0,3  0,323  0,4  0,5  0,6  0,723 

9=  1,875  1,3  1,0583  0,0171  0,9  0,775  2/3  0,546 

[3,75]  [2,58]  [2,09]  2  1,743  1,446  1,151  0,546 

.  0,0027  0,0116  0,0287  0,0343  0,0574  0,104  0,183  0,546 


H.k 
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Hier  komxnen  die  eingeklammerten  Werte  von  H :  Tc  nicht  in  Betracht^ 
insofem  an  die  Stelle  der  Wasserschwelle  die  Btetig  gekrUmmte  Stau- 
kmre  tritt^  sobald  die  Geschwindigkeitshohe  A;  <  1/2  ^ist.   FQr  hik 

U,  "T  cf 17,  U,  -1 H  U, 


>  0,7233  wird  S\  Tc  imaginar;  die  Hohe  der  Wasserschwelle  kann  also 
nie  die  OroBe  0^7233  i  uberschreiten.  Bisher  wurde  ein  Sprung  de& 
Spiegels  nach  oben  Yoransgesetzt,  eg  kann  aber  auch  ein  Abfall  ein- 
ireten:  mit  ^  -«  —  0,1  A;  und  —  h  statt  +  %  bekommt  man: 

-  A :  ft  =^  0,10256    0,12      0,2        0,3        0,4      0,411 
J:  ft -0,10256    0,410    1,192    1,665     1,97     2. 

Wenn  H>  2k  ist,  tritt  an  die  Stelle  der  negativen  Wasserschwelle  die 
asymptotisch  an  das  geradlinige  Langenprofil  der  gleichformigen  Be- 
w^ung  sich  anschliefiende  stetige  Senknngskurve  der  beschleunigten 
Bewegung  des  zufliefienden  Wassers. 

61.  (115  a)  geht  f&r  yerschwindende  Stufenhohe  also  ^  »  0  in  den 
Ausdruck^) 

(116)      fJ  +  !^,?+|;-^f  =  0     Oder     5«+ -»  Aff+ ^' -  2^ 

fiber,  der  folgende  zusammengehorende  Werte  liefert: 

k:H~Op    0,6        0,8        1  1,5    2         3    5    14 

h:R=0      0,128    0,357    0,562    1       1,37    236. 

Ahnlich  hatte  bereita  J.  B.  Bdanger^  anf  Grand  des  Impolssatzes  dea 
Yon  O.  Bidone^  zwischen  zwei  Asten  einer  Staukurve  beobachteten 
Wassersprung  durch  die  Gleichung 

2(jff+A)«-(2fl'+A)ft 

erklart,  und  J.  Boussinesq^)  auch  auf  Grund  des  genannten  Satzes  fur 
den  Zusammenhang  zwischen  den  Flachen  F^  und  F^  gleicher  Spiegel- 


1)  A.  Bitter,  ebenda  S.  1851. 

2)  J.  B.  Belanger,  Essai  ear  la  solution  de  quelqnes  probl^mes  relaUfs  aa 
mouvement  permanent  des  eaux  conrantes,  Paris  1828,  S.  35.   S.  oben  S.  145,  192. 

3)  Torino,  Mem.  25  (1820),  S.  21  ff. 

4)  Eauz  conrantes,  S.  131. 
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breite  b,  bei  einem  Durchflufi  Q  und  einer  Sohlenneigung  (sinns  des- 
Neigungswinkels)  i  die  Beziehong 

(116a)  ^^F,F,-.^^:L. 

erinittelt,  die  fQr  sehr  breiten  rechteckigen  Querschnitt  mit  a'—  1  und 
genng  kleinem  t  in 

?^  R{R  +  *)  =  ^^  -  2*5* 

oder  in  A.  BiUers  Gleichuag  Qbergeht. 

Abweichend  Yon  Boussinesq  und  Bitter  verwendet  M.  Merriman^y 

die  Einbufie  — *—  —  *    an  lebendiger  Kraft  zur  Decknng  des  Arbeits- 

Terlustes  des  unelastiscben  Stofies  und  zur  Hebung  des  Scbwerpunktes. 
h 
2 


J. 
um  -Q-  (statt  des  Spiegels  um  h)  und  hat  somit 


oder 


2g        ""  2^         "T"   2  ' 

»['-(B^)']-*[l-ff-«]'+T. 


+  WJ        L        fl'  +  ^ 
oder 

(116  b)  h^2YH1c-'H. 

Diese  Formel  stimmt  mit  den  Messungen  Bidones  und  solchen  an  der 
Lehigb-Uniyersitat')  besser  als  (116)  oder  (116  a).  Ihre  Ableitung  kann 
aber  trotzdem  nicht  anerkannt  werden,  weil  die  Summe  aus  der  Hebung^ 
und  der  DruckhohenYermehrung  bei  tTbertritt  eines  Teilchens  aus  der 
seicbteren  in  die  tiefere  Strecke  nicht  ^-A,  sondem  h  betragt.  Die  Er- 
klarung  des  Widerspruchs  liegt  wohl  darin,  daB  an  der  Wasserschwelle 
ein  Wirbel  besteht^  der  den  durchflossenen  Querschnitt  einengt,  so  dafi 
die  Oeschwindigkeit  zunachst  wachst,  ehe  sie  sich  auf  U^  Yerringert. 

Ausdriicke  fQr  einen  stehenden  Wassersprung  erhalt  man  auch, 
wenn  man  in  den  Oleichungen  fQr  die  Schnelligkeit  des  Wellenfort- 
schrittes  (wie  z.  B.  (86  j))  der  Wassermasse  eine  Gegenbewegung  Yon  der 
absoluten  GhroBe  der  Wellenschnelligkeit  erteilt;  dabei  macht  man  aber 
den  auf  S.  194  erwahnten  Fehler. 

Die  bis  jetzt  berechneten  zusammengehorenden  Werte  Yon  jQTund  h 
entsprechen  dem  wirklichen  Vorgange  nur,  wenn  das  Abflufigerinne  ein 
solches  Gef  alle  besitzt^  dafi  die  Wassermenge  bei  der  berechneten  neuen 
Tiefe  H+h  tatsachlich  gleichformig  abflieBt;  andemfalls  findet  eine 

1)  Treatise  on  Hydraulics,  8.  ed.  New-York  1909,  S.  848. 

2)  B.  Ferriday,  Engineering  News  84  (1896),  S.  28. 
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Ortsrerlegung   des  Wasserspmnges   statt  und  zwar  stromauf  bei  zu 

kleinem  Gefalle,  stramab  bei  zu  grofiem  Gef alle  des  Abflufigerinnes. 

BeispieL    Geg^ben  sei  die  Tiefe  im  Zulaufgerinne  ir=s0,2m,   die  6e- 
flchwindigkeitshOhe  A; «  0,6  m,  so  zeigt  sich  die  Sprangh5he  A  =  0,4  m  (nur  zu- 

failig  ^k  —  M).  Zulauf- 
nnd  Ablaofgerinne  sollen 
rechteckig  and  1  m  breit 
sein;  und  enteres  habe  den 
Sinus  f  des  Neigungswin- 
kels  s  0,08615;  bei  solcher 
Gl&tte ,  dafi  c  »  46,0  m  '^* 
sec-*  ist.  A.  Bitter^)  be- 
rechnet  nun   die  auf  den 

Wassersprung  folgende 
Staukurve  nach  (69  a),  fin- 
det,  daB  sie  Yom  Wasser- 
sprung auf  66,4  m  L&nge  0,219  mhoch  ansteigt,  dann  wiederf&llt,  unabhilngig 
Tom  Abflufigezinne.   Nur  die  Entfemung  der  Wassersprungstelle  vom  Sohleneck- 

punkte  h&ngt  von  der  Neigung  des 
Ablaufgerinnes  ab,  indem  im  mathe- 
matischen  Sinne  die  Staukurre,  im 
Zulaufgerinne  frei  verschiebbar  ist. 
Habe  die  Ablaufsohle  solches  Gef&lle, 
dafi  dieWassertiefe  fiber  ihr  bei  gleich- 
fQTudgei  Bewegung  4  m  betrftgt,  so 
bilde,  weil  die  Staukurve  die 


Pig.  A, 


Fig.  J9. 


'--^jS J 


Tiefe 

f(ir   XCae 


0,6 
0 


2,9S 
71,7 


4 
106 


20  m, 
612  m 


babe,  der  Spiegel  fiber  dem  Sohleneckpunkt  ebenfalls  ein  Eck  und  liege  die 
Wasserschwelle  106  m  weiter  stromauf.  —  Bei  stromab  zu  grofiem  Gef&lle  des 

Ablaufgerinnes  findet  die  Unste- 
tigkeit  in  letzterem  statt.  Hier- 
filr  berechnet  A.  Bitter  das  Bei- 
spiel  der  Figur  B,  Bei  dem  Ge- 
f&lle t »  0,00660  der  Ablaufsoble 
verschwindet,  wie  Fig.  C  er- 
l&utert,  der  Wassersprung,  und 
bei  noch  grOfierer  Sohlenneigung 
yerl&uft  der  Stauspiegel  stetig 
obne  Sprung  und  Eck. 

66.  SeitUohe  Vor-  und  Biiokspriingey  Pfeiler,  Diiker.  Yorspriinge 
oder  RUcksprUnge  der  Seitenwande  wirken  ahnlich  wie  Hebungen  oder 
Senkungen  der  Sohle.  Einige  Yersuche  nahmen  P.  und  L.L.  Vauihier*) 


1)  Z.  d.  V.  deutsch.  Ing.  89  (1895),  S.  1852. 

2)  Ann.  d.  ponts  et  chauss.  (1836^,  S.  862  f. 
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mit  einem  offenen  Gerinne  vor,  dessen  lotrechte  Seitenwande  eine  Strecke 
lang  erst  aaseinander-  und  dann  wieder  zusammenliefen.  Je  nachdem 
aie  das  Emlanfschtltz  allmaUich  oder  plotzlich  zogen^  zeigte  der  Wasser- 
spiegel  aaf  der  erweiterten  Strecke  eine  starke  Hebung  oder  Senkung, 
worin  zagleich  eine  Art  Bestatigung  Yon  A.  Bitters  Berechnung  liegt, 
dafi  dieselbe  Sohlenstufe  sowohl  einen  Wassersprung  als  auch  einen 
Spiegelabfall  bewirken  kann.  Die  Verfasser  yauthier  bemerkten^  daB 
beide  yon  ihnen  beobachtete  AbfluSweisen^  der  iiblichen  Theorie  (61.  68) 
der  ongleicbformigen  Bewegung  ziemlich  gut  entspracben. 

Zn  den  yerwandten  Aufgaben  gehort  die  Berechnang  der  Spiegel- 
hebung;  die  BrQckenpfeiler  in  Flfissen  heryorrufen.  Die  Schwierigkeit 
dieser  Aufgabe  bestebt  darin,  dafi  man  zwar  nach  dem  fS^nottZfo'schen 
Theorem  oder  auch  nach  einer  Gleichung  aus  der  Theorie  der  ,,tTber- 
falle^'  den  Abfall  des  Wasserspiegels  —  mit  welchem  die  Spiegelhebung 
hanfig  yerwechselt  wird^)  —  beim  Eintritt  zwischen  die  Pfeiler  an- 
nahernd  angeben  kann,  nicht  aber  die  Wiedererhebung  beim  Anstritt. 
Die  alteren  Schriftsteller  J.  A,  Eyidwein,  Gauthey,  Navier  begniigten 
sich  daher^  schatzungsweise  den  lichten  Querschnitt  F  anzugeben,  den 
«ine  BrtLcke  haben  rndsse,  damit  sie  im  Flufi  yon  gegegebener  Wasser- 
f&hnmg  Q  nnd  mittlerer  Geschwindigkeit  U  keinen  merklichen  Stan 
heryormfe.  Sie  setzten 

(117)  ^-7# 

iind  gaben  (i  ftir  yerschiedene  Yorkopfformen  an,  z.  B.  lehrte  Navier  fClr 

halbkieisf&rmiff  . f^^^uu^  ««««j^  eintauchende 

Bpitzwinklig  Btumpfwinkhg  gerade  fiogenanfange 

0,95  0,90  0,80  0,70 

Fd.  Sonne^  schatzte  auf  Grund  yon  Messungen  Harlachers  in  der  recht- 
«ckig  begrenzten  SperrschifiFoffnung  des  Wiener  Donaukanals  (H^  6  m, 
U  =-  1,65  m  see"  *)  allgemein 

<117a)  ^.l-^?^:, 


1)  Das  betont  /.  Dupuit,  fitades,  S.  134.  Wenn  man  mit  Tolkmitt  bei  Be- 
trachtang  der  ungleichfGrmigen  BewegUDg  f&lflchlich  annimmt,  dafi  bei  Vermin- 
demng  der  lebendigen  Kraft  der  betreffende  Unterschied  an  lebendiger  Eraft 
«infach  verloren  geht,  darf  man  folgerichtig  auch  von  einer  Wiedererhebung  des 
Spiegels  nnterhalb  der  Brtlckenpfeiler  absehen.  Das  tat  der  Genannte  denn  auch, 
O.  Tolkmitt,  Grundlagen  der  Wasserbaukunst,  2.  Aufl.,  herausg.  von  /.  F.  Bubendey, 
1907,  S.  184.  Eine  Ahnliche  Unterlassang  macht^CTir.  Havestadt,  Handb.  d.  Ingenieur- 
wissensch.  8,  Wasscrbau,  1.  Abt.,  1.  Halfte,  3.  Aufl.  1892,  S.  833. 

2)  Wochenblatt  f.  Arch.  u.  Ing.  (1883),  S.  327,  336  f. 


220 


YIIL  Das  Stromen  bei  nnstetiger  Wandong 


worin  n  die  Anzahl  der  Offnungen^  S  die  Wassertiefe,  B  die  gesamte 
Lichtweite  bedeutet  und  f&r 


HU 

<2,5 

<5 

<7,5 

<10 

P 

-      0,62 

0,7 

0,78 

0,85 

861. 


T.  Montanari^)  bewertet  den  Hohenunterschied  der  Spiegel  oberhalb 
nnd  unterhalb  der  Pfeiler  bei  stumpfen  (also  im  GmndriB  recbteckigen) 
Pfeilem  wesentlich  auf  Grund  Ton  Scbiffswiderstandversucben  mit 


(118) 


^fiu-i-jw 


F  2g         ' 

worin  Sf  die  Summe  der  eingetaucbten  Pfeilerquerscbnitte,  F  den 
Flufiquerscbnitt  oberhalb  der  Pfeiler,  U  die  mittlere  Gescbwindigkeit  im 
Qaerscbnitte  F  und 


(118  a) 


^U=  U 


eine  Zusatzgeschwindigkeit  bedentet,  welcb  letztere  daher  stammt,  daft 
zwischen  den  Pfeilem  die  Gescbwindigkeit  groBer  als  im  freien  Flusse 
ist.  Falls  die  Pfeiler  zugescbarft  oder  abgemndet  sind,  sei  die  Wider- 
standsbobe  kleiner  und  betrage  nur 

(118  b)  —p — , 

wobei  ft  folgende  Werte  habe*): 


Form 

des 

Yorspmnges 

H6he:  Basis 

Oder 
Pfeil:  Sehne 

FlS.chenverh&ltnis  f:F 

« 

0 

1 

0,1 

0,18       0,26 

0,33 

0,39 

0,62 

Dreieck 

n 
n 
n 

n 

n 

Halbkreis 
Stichbogen 
Spitzbogen 

0,1 

0,26 

0,6 

0,76 

1,0 

0,6 

0,26 

0,866 

0,96 
0,81 
0,68 
0,46 
0,43 
0,42 
0,63 
0,76 
0,30 

1 

0,9 

0,66 

0,68 

0,61 

0,61 

0,61 

0,83 

0,36 

1 

0,97 

0,72 

0,69 

0,67 

0,67 

0,66 

0,90 

0,39 

1 

1 

0,77 

0,68 

0,62 

0,61 

0,71 

0,96 

0,42 

1 

1 

0,81 

0,67 

0,66 

0,66 

0,76 

0,99 

0,46 

1 

1 

0,86 

0,69 

0,68 

0,68 

0,78 

1 

0,47 

1 

1 

1       ! 

1 

0,74 

0,74  ' 

0,84 

1 

0,61 

Bei  gemauerten  DUkern  gebt  T.  Montanari^)  abnlicb  zu  Werke,  nur 
unterscbeidet  er  bier  neben  dem  Flufiquerscbnitt  F  nocb  den  Quer- 


1)  Politecnico  39   (1891)  S.  649,   804;   40  (1892),  S.  40,   144,  246,  327,  422. 
Ygl.  unten  Gl.  (118). 

2)  Politecnico  39  (1891),  S.  812. 

3)  Politecnico  40  (1892),  S.  468,  636,  698,  673,  737. 
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schnitt  2^j  an  der  Ddkeretira  und  ist  sein  ft  jetzt  viel  grdfier.  Der  Ein- 
tritt  in  den  Ddker  und  der  Austritt  bewirken  zusammen  nach  ihm  einen 
Dmckyerlust^)  (Spiegelunterschied) 

<119)  ,._,|^<i^-, 

worin  er  bei  einem  Dorcbflofi  Q  die  Zasatzgeschwindigkeit] 

2f 


<H9a) 


JU 


VFF^ 


Q 

~F  Yff, 


betrachtet  und  [i  wie  folgt  schatzt^  unter  BerQcksicbtigung  der  Zahl  n 
der  Seiten,  langs  welcher  bei  den  yiereckigen  Offnungen  die  Einzwangung 
des  Wassers  durcb  FQhrung  vermieden  wird: 


n       2?/":  F— 0,66 

0,60       0,66       0,70 

0,76       0,80 

0,86 

0,90 

0,96 

4 
8 

!     2 
i    0 

1,80 
1,80 
1,80 
1,80 

1,38 
1,89 
1,40 
1,40 

1,58 
1,56 
1,59 
1,62 

1.76 
1,89 
1,98 
2,10 

2,28 
2,62 
2,71 
2,95 

8,00 
8,66 
8,95 
4,40 

4,88 
4,89 
5,92 
6,65 

7,08 

8,65 

9,70 

10,93 

16,05 
18,62 
21,00 
28,86 

Hierzu  kommt  noch  der  Reibungswiderstand  in  den  gemauerten  Sielen 
und  unter  Umstanden  der  Druckverlust  rechtwinkliger  oder  doch  aus- 
gesprocbener  Eniee. 

P,  Pasini  und  U.  Gioppi^)  haben  die  Druckhobenverluste  an  den 
Diikem  untersucbt^  mittels  welcher  der  Gavourkanal  verschiedene  Wasser- 
laufe  untersetzt.  Jeder  Diiker  bildet  nebeneinander  liegende  gemauerte 
Rohren  oder  Siele  von  beispielsweise  elliptiscbem  Querschnitt  Die  Tren- 
nungsmauer  zwischen  den  Hohlgangen  endigen  abgerundet  wie  Briicken- 
pfeiler  und  jeder  Gangeinlauf  und  -auslauf  wird  durch  ein  Trompeten- 
gew51be  iiberdeckt^  wahrend  die  Sohlenlinie  gerade  durchgebt  oder  nur 
sanft  gebrochen  ist.  Nach  den  Genannten  bewirken  Eintritt  und  Austritt 
zusammen  einen  Druckverlust  (in  MetermaB) 

(120)  g,  =  0,028  U\ 

worin  U  die  Ankunftsgeschwindigkeit  des  Wassers  bedeutet,  und  findet 
in  den  Sielen  bei  einem  Sielquerschnitt  F^,  einem  Profilradius  B^,  einem 
DurchjQuB  Q^  und  einer  Lange  l^  ein  Druckhohenyerlust 

<120a)  ^,-0,00026^1,-, 

statt.  Die  beobachteten  Summen  ^i  +  sf^  lagen  zwischen  0,04  und  0,18  m. 

1)  So  berechnet  er  wenigstens  sein  Beispiel  40  (1892),  S.  686. 

2)  40  (1892)  S.  433,  480. 

8)  Giornale  del  Genio  civile  (5)  7  »  81  (1893),  S.  67. 
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SeiUiche  Vorspriinge  in  offenen  Laufeii;  also  Bohnen,  bilden  d^s 
GegeDst^ck  zn  den  Scheibenringen  der  geschlossenen  Rohren.  Die  Dmck- 
steigerungen  und  -abnahmen  in  letzieren  werden  bei  offenen  Laufen 
durch  Spiegelbebungen  und  -senkungen  ersetzt  und  die  demnacbst  ab- 
zuleitende  61.  (123  b)  ist  hier  anwendbar.  Dankwerts^)  berechnet  nacb 
ihr  den  Aufsprung  des  Spiegels,  wo  das  Wasser  aus  der  eingeengten 
Stelle  Yor  einem  Bubnenkopf  in  die  breite  FluBstrecke  tritt.  Werden 
die  Orte  unmittelbar  stromauf,  an  und  unmittelbar  stromab  der  Buhne 
durch  die  Eennziffem  0,  1  und  2  unterschieden,  die  Tiefen  mit  JET,  die 
Gescbwindigkeiten  mit  U  bezeichnet,  ferner  mit  Q  der  Durchflufi  und 
mit  b  und  B  die  kleine  und  grofie  Breite,  so  gilt  nach  (123  b)  fUr  den 
erwahnten  Aufsprung  (ebene  Sohle  yorausgesetzt) 

J3.-J,  =  ^,-#,     und     -?*(£iZl^ 

»  1  »        C7i6  g 

oder 

(121)  fr.«-^^^j7,  +  ^«-o, 

80  daB  man  bei  gegebenem  Q,  U^  und  H^  des  fireien  Stromes  und  ge- 
gebenem  h  die  Geschwindigkeit  U^  am  Kopfe  der  untersten  Buhne  be- 
stimmen  kann.  Aus  U^  geht  dann  H^  hervor.  Behalt  man  die  aUerdings 
nur  fQr  Yerzogerung  des  Wassers  anerkanote  Gl.  (123  b)  auch  ftlr  die 
Beschleunigung  bei  dem  Eintritt  in  die  schmale  Strecke  Tor  dem  Buhnen- 
kopf  bei,  so  hat  man  ferner  die  ahnliche  Gleichung 

^0  -  -Hi  =  u;b  -^^ -g ' 

die  wieder  nur  zweiten  Grades  ist  und  Ton  der  des  BemouUiachen  Theorems 

nur  wenig  abweicht^  wenn  Uq  und  Ui  wenig  yerschieden  sind.  Es  folgi 
(121a)  u,'-^'±??U,  +  ^l-^0 

fQr  die  Bestimmung  yon  Vq  aus  den  iibrigen  nunmehr  bekannten  GroBen 
und  der  als  gegeben  betrachteten  Flufibreite  B,  Von  dem  jfi^  tlber  der 
Sohle  befindlichen  Spiegelpunkte  stromauf  bis  zur  nachsten  Buhne  er- 
streckt  sich  eine  Staukurve,  die  man  —  z.  B.  nach  Schaffemaks  Tafel 
gentigend  genau  —  berechnen  kann,  womit  man  das  H^  dieser  oberen 
Buhne,  dann  deren  H^  uud  Hq  und  so  bei  Wiederholung  aUer  Rech- 
nungen  die  gesamte  Spiegellinie  erhalL 

1)  Zeitscbx.  f.  Architektur  u.  Ingenieunr.  2  (11)  1896,  Sp.  147. 
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Bei spiel.    Danktoerts  setzt  das  Sohlengef&Ue  a-t 
im  fieien  Strom  i»2  m,  die  Geschwindigkeit  im  fireien  Strom 
saSmsecS  Bi»100m,  6  b  70  m  nnd  be- 
rechnet  danach  von  der  mitersteii  Bnhne  ans- 
gehend  fElr  12  Bnhnen  in  je  100  m  Abstand 
sachitehende    Zahlen,     unter    die    er    anch 

(h  \* 
-^-j  ,  als  Gef&lle  oberhalb  der  jeweili- 

gen  Bahne  aufoahm. 


0,0009,  die  Tiefe  h^ 
-  47  |/2To7o009 


1 

Buhne  j 

1 

^. 

u. 

^1— H, 

^1 

tr. 

^•-^1 

^0 

^0 

a:i 

1 

2 

2 

0,264 

1,786 

8,296 

0,606 

2,288 

1,788 

0,718 

2 

2,212 

1,810 

0,202 

2,010 

2,840 

0,880 

2,840 

1,710 

0,628 

8 

2,806 

1,786 

0,186 

8,120 

2,690 

0,290 

2,410 

1,660 

0,672  1 

4 

2,872 

1,686 

0,162 

2,210 

2,690 

0,240 

2,460 

1,680 

0,64H 

6 

2,404 

1,660 

0,147 

2,267 

2,680 

0,280 

2,480 

1,616 

0,624 

'        6 

2,487 

1,640 

0,144 

2,296 

2,600 

0,220 

2,600 

1,600 

0,612 

7 

2,466 

1,680 

0,142 

2,814 

2,470 

0,206 

2,600 

1,600 

0,612  1 

12 

2,466 

1,680 

0,142 

2,814 

2,470 

0,206 

2,600 

1,600 

0,612 

Die  Staawirknng  der  Buhnen  nimmt  daher  stromaaf  stark  ab.  Aach  ist  deren 
Entfenmog  von  Wesenheit.  So  w&re  bei  je  800  m  Abstand  nach  der  7.  Buhne 
die  Tiefe  H^ »-  2,387  m. 

67.  BohrverengungeiL  Bei  Rohren  bilden  ploUliche  Verengungen 
das  Aoalogon  zu  den  SoUenstufen  in  Fltissen.  Das  Wasser  tritt  bei 
ihnen  nnter  Yermehrung  seiner  Geschwindigkeit  aus  der  weiteren  in  die 
engere  Strecke.  Diesen  Vorgang  kann  man  auch  als  Ausflufi  unter 
Wasser  aof&ssen  and  den  Ansatz  des  engen  an  das  weite  Rohr  als 
MnndstQck  bezeichnen.  FCr  diesen  Ausflu£  gelten  daher  ahnliche  Be- 
ziehungen  wie  f&r  den  spater  zu  betrachtenden  in  freie  Luft,  nur  daB 
der  ^^usflnfikoeffizient^'  stets  kleiner  ansf&llt,  als  wenn  das  Wasser 
dnrch  dasselbe  Mundsttlck  in  freie  Luft  fliefit.  Das  Yerhaltnis  beider 
Koeffizienten  betragt  nach  Yersnchen  J.  Weishachs^)  im  Mittel  0,986. 

JllmaMiche  Verengerungen  (Yerjiingungen)  bewirken  zwar  nach  dem 
BemouUiBchen  Theorem  (61.  (17))  eine  Dmckvermindemngy  weil  das 
Wasser  sich  in  sich  verjflngendem  Rohr  beschleonigt,  wodnrch  sich 
Drnckhohe  in  Geschwindigkeitshohe  verwandelt^  aber  ein  besonderer 
Hohenverlnst  ist  neben  den  Reibnngen  im  Rohr  kanm  bemerkbar. 
G.  B.  Veniuri^)  zeigte,  daB  darch  L5cher  in  Doppeltrichter  Luft  einge- 
sogen  werden  kann.  C.  Herschel^)  kam  auf  den  Gedanken,  seiche  Doppel- 

1)  J.  Weisbach,  Untersnchnngen  aus  dem  Gebiet  der  Mechanik  und  Hydraulik 
2.  Abt.,  Leipzig  1843,  S.  80.  Einige  Versache  verOffentlichte  P.  Richelmy,  Torino 
Mem.  (2)  16  (1866),  S.  117. 

2)  Ann.  der  Physik  2  (1799),  S.  449  nach  Venturi,  Becherches  ezperimen- 
telles,  Paris  1797,  Yersuch  16.    Siehe  anch  nnten  S.  266. 

8)  Americ.  Soc.  Cir.  Eng.  Trans.  17  (1887),  S.  288  f.;  18  (1888),  S.  186. 
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trichter  —  yon  ihm  Venturi-Messer  genannt  —  in  Rohrleitongen  ein- 
zuschalten  and  die  Druckabnahme  im  sich  verengenden  Trichter  zur 
Messong  der  Geschwindigkeit  nnd  des  Durchflnsses  zu  yerwenden.  Der 

sich  erweiternde  Trichter  bleibt  also  fUr  die  Messung 
ohne  Bedeatung  nnd  dient  nur  zum  Anschlofi  an  das 
folgende  Bohrtnim.  Bei  einem  DurchfluB  Q,  einem 
Querschnitt  F^  der  Leitung  und  F^  der  Eehle^  einem  in 
Wassersaulenhohe  gemessenen  Druckunterschied  h  in 
diesen  Querschnitten  gilt  dann^  weil  die  Qeschwindig- 
keiten  sich  yerkehrt  wie  die  Qaerschnitte  yerhalten  gemaB  (17) 

2g  2g  2g  \F,^       V 


oder 


?7i 


^      V^ 


und 

<122) 


1/ft-:- 


F,F, 


Bei  Herschds  Yersuchen  mit  Rohrweiten  yon  2,7  bzw.  0,3  m^  Eehlweiten 
yon  Yg  der  Rohrweite,  Eehlgeschwindigkeiten  U^  zwischen  2,7  und  15^ 
bzw.  1^2  und  10;7msec~^  blieb  Q  hochstens  um  5  y.  H.  hinter  dem  Q 
der  Forme]  (122)  zurdck  und  das  gleiche  war  bei  Yersuchen  in  zahl- 
reichen  Wasserwerken  der  Fall,  welche  die  Messer  in  Rohrleitungen  yon 

mindestens  0,15  m  Durchmesser  eingeschaltet 
batten.  Bei  einem  yon  U.  Masoni^)  in  ein  Rohr 
yon  nur  0,061  m  Weite  eingebauten  „Yenturi" 
und  Geschwindigkeiten  yon  0,1  bis  0,9  im  Rohr 
oder  1  bis  7,2  in  der  Eehle  stieg  die  Abweichung 
bis  auf  10  y.  H.  Die  Abweichungen  kommen  daher,  dafi  der  Druck- 
unterschied infolge  des  Druckyerlustes  im  Trichter,  welcher  Yerlust  nach 

Weisbachs  Yorbild  L  5—  genannt  werden  kann,  tatsachlich 

(122a)    A=f^(5.;-i+g,)=-«;-.(|:^;-i+g) 

betrug,  womit 


«- 


F,F, 


y2gh 


yF^*-F,'  +  F^*£ 

also  kleiner  ausf  illt.  Bei  Herschds  Yersuchen  gabe  dies  den  Widerstands- 
koeffizienten  g  ^  0,864. 


1)  Napoli,  Atti  del  B.  latit.  d'Incorragiamento  (6)  5,  N.  1  (1903). 
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Weiteren  Aufschlufi  ilber  die  DruckverluBte  bei  Verengungen  geben 
die  Versuche  Ton  H.  Hochschild  ^),  welche  sich  allerdings  auf  kleine  Ab- 
messangen  beschranken  nnd  rechteckige  Quersclmitte  betreffen.  Der 
Genannte  untersuchte  Kanale  und  fand  die  ReibuDg  —  bei  gleicher 
Wandentfemung  —  bei  sich  nabemden  Wanden  kleiner^  bei  sich  ent- 
femenden  groBer  als  bei  parallelen  Wanden.  Von  den  Vereuchen  wird 
noch  auf  S.  229  die  Rede  sein;  bier  geniige  die  Bemerkung^  daS  hiemacb 
bei  kleinen  geschlossenen,  glattwandigen  Kanalcben  die  yon  Coriclis  und 
Boussinesq  gemachte  Annahme^  es  sei  in  der  Grundgleichung  der  statio- 
naren  Bewegung,  namlich  in 

(69)  j_.;^J7«  +  «A|L;, 

der  Eoeffizient  a  >  1 ;  nicht  zutrifft. 

Die  kritische  Geschwvndigheit  ist  in  konvergierenden  Dtlsen  grofier 
als  in  Rohren*).  A,  H  Gibson^  fand  bei  Auftragung  der  Logarithmen 
von  Eintrittsgeschwindigkeit  und  Druckyerlust,  da£  die  Geschwindigkeit 
in  msec"^,  bei  welcber  turbulent  eintretendes  Wasser  sich  beruhigte^ 
folgende  Werte  hatte: 

Eegelscheitelwinkel 

,      .      fEiritritt  (76  mm  Dmr.) 

msec"^  beim  {  .     /oo         -n.      \ 

[  Austritt  (38  mm  Dmr.) 


5« 

7V,o 

10« 

15<» 

0,46 

0,59 

0,74 

0,99 

1,83 

2,37 

2,98 

3,93 

In  Rohren  hatte  statt  dessen  bei  76  und  38  mm  Dmr.  die  Beruhigungs- 
geschwindigkeit  0,03  und  0,06  msec""^  betragen. 

68.  Bohrerweiteningen.  Ploteliche  Erweiterungen  geben  in  Rohren 
dadurch  zu  Dmckyerlusten  Anlafi,  dafi  rasch  fliefiendes  Wasser  —  es  sei 
dies  Q  in  der  Zeiteinheit  —  auf  langsam  fliefiendes  stofit.  X  Ch.  Borda*)^ 
der  auch  beziigliche  Versuche  anstellte,  wendete  auf  den  Vorgang  die 
Regeln  des  unelastischen  Stofies  an,  nach  welchem,  wenn  ein  Korper 
Tom  Gewichte  y  Q^  und  def  Geschwindigkeit  27^  einen  anderen  yom  Ge- 
wichte  yQ^  und  der  Geschwindigkeit  V^  trifPt,  ein  Arbeitsyerlust 


1)  H.  Hochschild,  Yersache  fiber  die  Str5mungsvorg&nge  in  erweiterten  und 
Terengten  Ean&len,  Dissert.,  Berlin  1910. 

2)  0.  Reynolds,  Papers  2,  S.  168. 

3)  London,  Proc.  Roy.  Soc.  88  (1910),  S.  376. 

4)  Paris,  M^m.  de  I'acad^mie  royale  des  sciences,  ann^e  1766  (erschienen 
1769),  S.  692. 
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eintritt.  In  Bohrerweiterungen  ist  die  stofiende  Menge  Q^  weit  kleiner 
als  Q^,  80  dafi  bei  plotzlicher  Erweitenmg  in  der  Zeiteinheit  der  Arbeits- 
yerlust  (u^n\* 

eintritt.   Dieser  Arbeitsverlust  gibt  sich  dadurch  zn  erkennen,  dafi  das 

Wasser  an  Dmckhohe  yerliert^  und  zwar  tut  dies  in  der  Zeiteinheit  die 
^^^^^^^  Ranmmenge  Q^  oder  Oewichtsmenge  y  Q^ .  Die 

I  verlorene  Dmckhohe   (welche   nicht  mit  dem 

^ i*C Dmckonterschied  zu  yerwechseln  iet,  namlich 

I  \  nicht  in  Geschwindigkeit,  sondem  in  Warme 

Terwandelt  worden  ist)  betragt  also  bei  Ein- 

fdhrung  eines  Eoeffizienten  ^  und  bei  Bezeichnung  des  kleineren  Quer- 

schnittes  mit  F^  und  des  groBeren  mit  F^ 

wonach 

(123a)  6  =  ^--l^' 

ist.  Der  Druck  selbst  wachst  in  der  Stromrichtui^  and  fUr  den  Druck- 
onterscliied  hinter  und  Tor  der  Erweitenmg  gilt  dann  bei  wagrechtem 
Rohr 

K,  Bdnninger^)  fand,  dafi  die  61.  (123b)  mit  den  Ergebnissen  yon  ihm 

yorgenommener  Versuche,  bei  welchen  F^ :  F^  yon  1,1  bis  10  anstieg, 

^^^^^^^^^^^^^     ziemlich  genau  tibereinstimmte,  wah- 

rend  nach  Versuchen  yon  H,  Baer^) 

Ij        der  Druckyerlust  den  nach  Borda  ilher- 

^  treffen  soil,  wenn  ?7i  <  3  m  sec"  *  oder 

F^>SF^  ist.  Es  ist  flbrigens  nicht  ge- 

sagt;  dafi  der  engste  Strahlquerschnitt 

mit  dem  engsten  Rohrquerschnitt  zusammenfallen  mufi.  Bei  entsprechen> 

der  MtLndungsform  kann  sich  yielmehr  der  Strahl  noch  nach  Eintritt 

in  die  erweiterte  Strecke  zusammenziehen,  ehe 
-f ^ er  sich  ausbreitet. 


,-..^i      i^i  Bei  Ausflufi  aus  einem  Gefafi  durch  einen 

J  scharfkantigen  Scheibenring  mit  dem  Oflfhungs- 


querschnitt  F^  in  ein  mit  der  Geschwindigkeit  U  durchstromtes  Ansatz- 
rohr  yom  Querschnitt  F^  oder  bei  dem  Durchflufi  durch  einen  solchen 

1)  Zeitsch.  f.  d.  gesamte  Tnrbinenwesen  3  (1906),  S.  12. 

2)  Polytechn.  Journal  322  (1907),  S.  177.   Sieho  S.  228  Brightmore. 
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Scheibenring,  der  in  eine  Leitung  vom  Quersclmitt  F^  eingeeetzt  let, 
mOBte  bei  reibongsloser  Einschnilmng  auf  den  Qa«nehmtt  IcF  gem&B 
(123  a)  der  DrucWerlnst 

0^^)  'S"-?^(A-')' 

Oder 

3ein.  J.  Weisheuih^)  &iid  nun  nachBtehende  Werte  von  g,  ana  weldien 
dann  die  entsprecheaden  Yon  fi.  herrorgeben. 


J",  :  JP,  —  0,1 

0,S 

0,8    j    0.4    1     0,6    ^     0,6    1     0.7 

0,8 

0,9 

0,784 
0,6B8 

0,060 
0,893 

1.0 

0,460 
0,698 

0,000 

1,0 

C=a31,7 
p- 0,616 

C-ass.B 

(.  —  0,684 

60,99 
0,614 

47.77 
0,63S 

ScheibenriDg  im  Aniatz 
15,78  i  Mia  1  6,266  ]  8,077  |  1,876 
0,618  1  0,610    0,607     0,606  |  0,608 
Scheibeuriug  im  Leitanguohr 
17,6117,801    3,763  |  1,796     0,797 
0,648  1  0,669    0,881  [  0,712     0.766 

1,160 
0,601 

0,290 
0,813 

Abnlich  setzte  F.  Grashof^  bei  einer  Dmckhobe  h  den  Aus- 

flufi  (a.  Fignr) 

C124b)  e-^v(di'-V)V^!jA 

and  berechnete  fDr  n  Noten  d,- 

(124c)    i_-)/rH7^(„+i);T(<;=|y.  ■^.- 

Zu  bemerken  ist  aber,  daB  nacb  C.  Sack'),  wenn  eine  veite  Strecke 
zwiBchen  zwei  engen  eingeschaltet  ist,  irie  das  z.  B.  bei  Labyrinth-Dich- 
tongen  gescbleht,  der  Dnickverlust  nach  Weiabach  and  Grashof  nur  ein- 
tritt,  wenn  die  weite  Strecke  laog  genng  ist,  weil  sich  der  Strahl  aonst 
nicbt  in  ibr  aoabreitet 

Vorstebenden  Betracbtnugen  sei  nachgefQgt,  dafi  sie  die  ungleicb- 
fSrmige  Verteilung  der  Oescbvindigkeit  Qber  den  Querschnitt  nicbt  be- 
acbten.  De  Saint-  Venant*)  tot  dies,  bertlcksicbtigt  ancb  die  Erhohnng 

1}  J.  Weiibach,  Lehrbnch  1  (1846).  S,  447,  BOwie  WeitbMA-Hernuinn,  S.  1036. 
Die  obigeo  interpolierten  Zahleu  weicbeu  etwaa  tod  dea  nnprOnglicheD  Aogaben 
in  J.  WtMiMh,  UDtennchimgen  in  detn  0«biete  der  Hechanik  and  Hrdranlik, 
8.  Abt.,  Leipz.  1848,  8,  130  ab. 

8)  Theoretiicbe  Mucbinenlebie,  1.  Bd.  1876,  S.  473. 

3)  Z.  d.  Y.  deatacb.  Ing.  36  (18S1),  S.  474. 

4)  Parii,  M^m.  de  I'Acad.  4  (1886),  S.  7.  Vgl.  sach  J.  Boamnetq,  Earn 
coonuitei,  S,  126. 
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der  Reibung  und  setzt  fdr  plotzliche  Anderung  des  Robrdurchmessers 
den  Druckhobenverlust  = 

wobei  er  unter  F^  den  Querscbnitt  der  engeren  Rohrstrecke  versteht. 

Die  Erfabrong  zeigt  aber,  wie  gesagt,  nicht,  da£  der  Druckverlust 
liber  den  der  Pormel  (123)  hinausginge.  Auch  A,  W  BrigMmore^),  der 
«___  ,^-__  ein  Halsstiick  (dessen  Lange  er  nicht  angibt) 

von  3  bzw.  4  ZoU  (76  bzw.  102  mm)  Durch- 

messer  mit  scbroffen  Absatzen  in  eine  Gzollige 

Leitung  einschaltete,  fand  bei  dem  Dreizoller  ale  Druckverlust  fast  genau 

den  der  Formel  (123),  wabrend  er  bei  dem  Vierzoller  noch  kleiner  war. 

AUmahliche  Erwdterungen  des  Querscbnittes  verwandeln  dadurcb, 

dafi  sie  die  Geschwindigkeit  ermafiigen,  diese  in  Druck,  wobei  nach  dem 

£*emotiZ!iscben  Theorem  die  Drucksteigerung 


betragen  sollte.  Da  die  Dmckverluste  bewirken,  dafi  der  Druckunter- 
schied  h  um  ^  U^^ :  2g  kleiner  ansfallt,  spricht  JT.  Andres  von  einem 
Wirkungsgrad 

Aus  (125  a)  gebt  femer  durch  EinftLhrung  des  Durchflusses  Q  und  der 
Querschnitte  Fj^  und  JF,,  weil  Q^  F^Ui=^  F^  U^  ist, 


(2-l/-       l9h_  _ 


) 


hervor  und,  da  bei  Wegfall  der  Verluste  oder  fiir  i^  ■=  1  und  g  «  0  der 
DurcbfluS  bei  gleichem  Druckuntersckied  h 


betragen  wQrde,  ist  ferner  das  Verhaltnis 


/^c^pix^  Wahrer  DnrchfluB  _    1         i  /      F,»—  >V 

(^l^Dbj  Theoret  Durchfl^  ""  y^  ^  V  F^*'-{l  +  t)F^*' 

J.  B.  Francis  wies  die  voUstandige  Unabhangigkeit  des  i^-Wertes 
von  dem  Verhaltnis  des  Eehlquerschnittes  jP^  zum  M^ndungsquerschnitt  F^ 

1)  Min.  Proc.  Inst.  Civ.  Eng.  169  (1907),  S.  S22.  Derselbe  machte  anch  einen 
VerBuch  mit  einem  Halsstiick  mit  allm9.hliclien  tJ^berg&ngen  ins  weite  Bohr  S.  328. 
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nach,  indem  er  ein  sich  erweitemdes  Rohr  dorch  drei  nacheinander  Tor- 
geschraubte  Telle  eines  Kegels  von  5®  verlangerte  und  Ergebnisse  er- 
hielt,  aus  denen  K.  Andres^)  als  Wirkungsgrade  0,78,  0,81,  0,80  und 
0,80  berechnet.  K.  Banninger*)  fand  bei  einem  konischen  Rohr  mit 
5®  30'  Spitzenwinkel  ein  rj  von  0,79  und  untersuchte  auBerdem  ein  Rohr 
mit  anscheinend  linearer  Drucklinie,  sowie  vier  Rohre  mit  zunehmen- 
dem  Erweiterungswinkel,  also  von  Trompetenform,  bei  welchen  jedoch 
schon  teilweise  Luftabsondemng  eintrat.  Als  nachster  ist  H.  Hochschild 
zu  nennen. 

In  Gl.  (124)  ist  vorausgesetzt,  daB  far  ein  und  dasselbe  Formstiick 
/t  und  g  unveranderliche,  von  der  Geschwindigkeit  U^  (also  auch  vom 
DurchfluB  Q)  unabhangige  Werte  haben,  oder  daB  gemaB  besagter 
Formel  der  Druckverlust  dem  Quadrate  des  Durchflusses  proportional 
wachst.  Da  dasselbe  fur  die  Geschwindigkeitshohen  gilt,  ist  nach  Weis- 
hach  die  durchfiieBende  Wassermenge  der  Wurzel  aus  dem  Druckunter- 
scbiede  vor  und  hinter  dem  Formsttlck  proportional.  Dies  fand  H.  Hoch- 
schild bei  dem  oben  erwahnten  rechteckigen  Eanalcben,  also  bei  allmah- 
licher  Erweiterung  bestatigt').  Zugleich  maB  er  bei  ihnen  die  Druck- 
verteilung  und  berechnete  die  Druckhohenverluste.  Da  also  anzunehmen 
ist,  daB  der  Verlust  pro  cm  Lange  bei  Veranderung  des  Durchflusses 
der  jeweilig  an  der  betreffenden  Stelle        50  •  10-3 

herrschenden  Geschwindigkeitshohe  - 

proportional  ist,  trug  Hochschild  die 
Yerhaltnisse  des  Druckhohenverlustes 
pro  cm  Lange  zur  Geschwindigkeits- 
hohe graphisch  auf,  wie  das  die  Figur 
wiedergibt.  In  ihr  beziehen  sich  die 
Kurven  II,  III,  IV  auf  die  konischen 
Strecken  der  sich  erweitemden  Hohl- 
gauge,  11'  und  IIF  auf  dieselben  Strecken 
wie  n  und  III  bei  entgegengesetzter 
DurchfluBrichtung,  also  auf  Verengun-  ^ 
gen.  Es  ist  sofort  ersichtlich,  daB  auch 
bei  Verengung  ein  Druckverlust  — 
durch  die  Wandreibung  —  stattfindet,  der  aber,  wie  schon  erwahnt, 
kleiner  als  die  Reibung  bei  parallelen  Wanden  (Eurve  I)  ist,  wahrend 
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1)  Z.  d.  v.  deutBch.  Ing.  64  (1910),  S.  1640  nach  Francis,  Lowell  hydraulic 
experiments,  4.  ed.,  New-York  1883,  S.  209. 

2)  Zeitschr.  f.  d.  gesamte  Tnrhinenwesen,  1906,  S.  12  f. 

8)  VersTiche  fib.  die  StrGmnngsvorg&nge,  S.  20,  Enrvenblatt  11. 


230 


Yin.  Das  Str5iiien  bei  nnstetiger  Wandnng 
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10  20  so  40  50  60  70  80  90  100  110mm 
KancUldnge 


er  sie  bei  Erweiterung  fibertrifft.   Die  Winkel,  welche  die  gegeniiber- 
liegenden  Seiten  einschlossen^  betrugen  bei  dem  Kanal  der  Kurve 

I        n         m         IV 

Qo        2^24'        6^29'        12n6'. 

Die  Rechtecksbohen  waren  iiberall  nahezu  gleich.  Die  Kurven  gleichen 
Druckes  (Isobaren)  der  Deckflache  lassen  (vgl.  Figur)  erkennen,  dafi  die 

Verluste  in  Form%von 
Wirbelbildung  wesent- 
licb  an  den  Wandungen 
entsfcehen  und  allmah- 
lich  die  ganze  Stro- 
mung  durchsetzen^). 

K,  Andres^),  welcher 
bei  seinen  Versuchen 
Unterdrucke  unter  dem 
atmospharischen  vermied^  stellte  fest,  daB  die  absolute  Hohe  der  Dmcke 
ohne  Einflufi  auf  die  Geschwindigkeit  ist.  Desgleichen  fand  er  im  selben 
Robr  den  Wirkungsgrad  unabhangig  von  der  Gescbwindigkeit,  die  er 
(in  der  Kehle)  von  10  bis  40  m  sec"  ^  steigerte.  VoUstandig  ahnlich  ge- 
baute  Rohre  mit  gleich  glatten  Wandungen  yerglicli  er  nicht,  wohl  in 
der  Annahme,  dafi  deren  Wirkungsgrad  derselbe  sein  mdsse,  dagegen 
fand  er,  dafi  bei  gleicfaer  Form  eine  unbearbeitete,  also  rauhe  Oberflache 
einen  kleineren  Wirkungsgrad  herbeifQhre,  als  glatte  Oberflache,  femer 
dafi  bei  gleichem  Verhaltnis  der  Eehlfiache  F^  zur  Mundflache  jP,  vier- 
eckige  Querschnitte  ein  kleineres  r^  als  runde  bewirken.  Er  drtickt  dies 
mit  den  Worten  aus,  dafi  bei  yierkantigen  Rohren  unbekannte  Ursachen 

im  Beginne  der  Erweiterung  f  ahig  sind, 
■  j[T)  -  eine  Loslosung  des  Wasserstrahles  yon 
'  der  Wandung  und  damit  grofie  Yerluste 
heryorzurufen.  Di^egen  wachse  der  Wir- 
kungsgrad mit  der  Rohrlange.  Urn  den 
Zustand  des  Wassers  zu  yerandern,  schal- 
tete  er  Stiicke  ein,  durch  die  das  Wasser 
yor  Eintritt  in  die  Versuchsrohre  fiofi, 
und  zwar  ein  Kreuz,  oder   ein  Blech 


15,Z 


44.3 


rr'-i 


^       \^-'-200-^^ 


12,5 


I2MJ 


(„Wirbelblech")  mit  drei  Lochern  yon  22  mm  Durchmesser,  oder  ein  Blech 
mit  dem  Yiertel  eines  doppelgangigen  Schraubenganges,  oder  endlich 

1)  Yersache  fib.  die  Str5mnng8voig&nge,  S.  28 ;  der  genaonte  YerfasBer  folgt 
hierbei  einer  Theorie  L.  PrandiHs. 

2)  Z.  d.  Y.  deutsch.  log.  54  (1910),  S.  1586,  1637    nach   MitteUongen    fiber 
ForBchmigsarbeiten,  Heft  76,  Berlin  1909. 
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Siebe  in  yerschiedener  Zahl  yon  0,23  mm  Drahtstarke  und  1  mm  Teilang. 
Nach  der  Turbulenz  geordnet  gaben  die  Stromungen  nachstehende  Werte 
yon  71,  denen  noch  der  fiir  das  unbearbeitete  runde  Rohr  beigesetzt 
wurde^): 


t 

1 

Bearbeitetes  Rohr 

1 

Rauhes 
Rohr 

20  Siebe 

1  Sieb 

ohne 
Einlage 

WirbeU 
blech 

Schranben- 
blech 

Rundes  Robr 

Vierkantiohx 

i 

0,866          0,871 

0,670     ,      0,665 

1 

0,888 
0,719 

0,926 
0,782 

0,989 
0,706 

0,854 

1 

Hiemacb  yerhalt  sich  das  durch  20  Siebe  gekammte  Wasser  am 
ungQnstigsten,  das  durch  das  Wirbelblech  in  starke  Wirbelnng  yer- 
setzte  yiel  gUnstiger;  nur  das  Schraubenblech  wirkt  unter  Umsi&nden 
noch  yorteilhafter.  Es  kommt  eben  darauf  an,  daB  das  yorwartsflieBende 
Wasser  an  den  Umfang  gelange  und  nicht  langs  des  letzteren  eine  rQck- 
laufige  Bewegung  statthabe. 

Auch  A,H.  Gibson^  fand  ftlr  Geschwindigkeiten  von  1,5  bis  7  m  sec"^ 
das  Yerhaltnis  des  wirklichen  Druckyerlustes  zum  theoretischen  der 
61.  (123)  yon  der  Geschwindigkeit  unabhangig.  Er  konnte  mithin  den 
Druckyerlust  (abweichend  yon  Weisbach  in  Gl.  (124)) 

setzen,  ihn  also  in  Bruchteilen  yon  {Ui—n^y:2g  ausdriicken.  Er 
untersuchte  g,,  fUr  yerschiedene  Neigungswinkel  0  gegeniiberliegender 
Seiten  und  fand  ftir  runde  Querschnitte,  daB  ^^^  sein  Minimum  yon 
0,135  fiir  0  ^  ungefahr  5^  30^  hatte,  dann  rasch  anstieg,  sein  Maximum 
yon  1,21  fUr  0  —  ungefahr  63^  erreichte  und  langsam  auf  1,017  fiir 
»  0  »  180^,  d.  i.  fiir  einen  rechtwinkligen  Absatz  fiel.  Nach  Abzug  des 
auf  die  Reibung  in  derselben  Lange  geraden  Rohres  entfallenden  Druck- 
yerlustes zeigte  der  libriggebliebene  Teil  yon  g^^  fortgesetztes  Wachsen 
yon  Null  fiir  5  =  0^  bis  zu  einem  Maximum  yon  etwa  1,2  fQr  0^63^, 
dann  wie  friiher  ein  Sinken  bis  1,017  far  0  «  180®. 

Der  Str5mungsvorgang  in  sich  yerengenden  und  dann  wieder  er- 
weitemden  Formstiicken  yerandert  sich  wesentlich,  wie  A.  Fliegner^) 
bemerkte,  wenn  sich  infolge  der  Verwandlung  in  Geschwindigkeitshohe 

1)  Z.  d.  y.  deutflch.  Ing.  64  (1910),  S.  1688,  1688. 

2)  London  Proc.  Roy.  Soc.  83  (1910),  S.  878.  Gibson  untersachte  auch  bei 
rechteckigem  and  quadratischem  Querschnitt. 

3)  Cinlingenienr  (2)  21  (1876),  Sp.  97  n.  f.  Siehe  auch  Schweiz.  Bauz.  42 
(1903),  S.  91. 
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der  Druck  an  der  eingeschnilrten  Stelle  so  vermindert,  dafi  er  hier  unter 
den  Atmospharendruck  sinkt;  A.Fliegner  hat  Wasser  aus  einem  Messing- 
rohr  von  10  mm  in  ein  Glasrohr  von  17,5  mm  Weite  treten  lassen  und 
beobachtet,  daB  bei  kleinem  Druck  im  Messingrohr,  also  geringer  Ge- 
schwindigkeit,  das  Wasser  im  Glasrohr  klar  blieb.  Bei  Drueksteigerung 
zeigte  sich  eine  leichte  ringformige,  pulsierende,  von  einzelnen  schnLgen 
Strahlen  durchzuckte  TrQbnng.  Diese  nahm  dann  zu  und  schlofi  sich, 
wobei  der  Strahl  aus  dem  Glasrohr  zerrissen  auszutreten  begann.  Weitere 
Steigerung  veranlaBte  die  Bildung  eines  aus  schneeweiBen  Wirbeln  be- 
stehenden  Korpers,  dessen  dichteste  Stelle  etwas  vor  dem  Ort  lag,  an 
welchem  seine  UmriBflache  die  Glaswand  traf.  Jene  Stelle  dichtester 
Wirbel  riickte  bei  noch  hoherem  Druck  auf  einmal  vor  und  von  ihr 


^^,i^i^>^^v^^^i,^^^^^ 


^\ 


»  iij  ktmm  iu!.m-.u  "wr 


!^?'" 


\ »- 


—  I  » 


ging  eine  Biickstromung  aus,  die  sich  vom  weiB  und  undurchsichtig, 
riickwarts  in  einer  sehr  dUnnen  durchsichtigen  Schicht  abspielte.  Der 
eigentliche  Strahl  nahm  von  der  plotzlichen  Erweiterung  nach  vom  an 
Dicke  unverkennbar  zu  und  sein  Austritt  in  die  Luft  erfolgte  schnee- 
weis  und  divergent,  bis  er  sich  schlieBlich  bei  fortgesetzter  Erhohung 
der  Geschwindigkeit  vom  Glas  lostrennte  und  die  Erweiterung  auBer 
Wirksamkeit  trat  Der  geschilderte  Vorgang  stand  mit  Druckbeobach- 
tungen  in  Einklang,  welche  Fliegner  mit  sich  bis  zur  Austrittsoffnung 
verengernden  Einsatzen  vomahm,  denn  die  Beobachtungen  (der  Durch- 
messer  der  engsten  Stelle  maB  2,2  bis  10,1  mm)  zeigten,  daB  der  sich 
im  HtiUrohr  ausbreitende  Strahl  von  einer  Schicht  umgeben  ist,  in  der 
ein  noch  kleinerer  Druck  als  in  der  MUndnngsebene  (der  engsten  Stelle) 
herrscht,  wo  der  Druck  p^  auf  einen  Bruchteil  des  atmospharischen  (bei 
den  Versuchen  bis  zu  9  m  Wassersaule  Unterdruck  oder  0,1  atm  Druck) 

sinken  kann.  In  der  Be- 
wegungsrichtung     wir- 


/5 


»> — ir 


T^  ken  also  ein  Druck  p^ , 

-P*  sowie  ein  noch  kleinerer 

p^,  ihr  entgegen  ft,  wo- 
bei man  es  aber  nicht 
mit  Wasser  allein,  sondern  zum  Teil  mit  einem  Gemisch  von  Wasser 
und  der  bei  der  Druckverminderung  freiwerdenden,  frOher  im  Wasser 
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absorbiert  gewesenen  Luft  (die  auch  etwas  Dampf  enthalt)  zu  tun  hat. 
Gegen  den  sich  ausbreitenden  Strahl  wird  durch  die  Pressungen  vor 
und  hinter  der  Ausbreitungsstelle  ein  Dmck 

ausgeflbt.  Derselbe  bringt  in  der  Zeiteinheit  die  Masse 

worin  F,  das  spezifische  Volnmen  im  weiten  Rohr  bezeichnet^  ans  der 
Oeschwindigkeit  U^  in  die  kleinere  U^.  Es  besteht  also  nach  dem  Satze 
Ton  den  BewegungsgroBen  die  Beziehung 

F,Pt -F,p,-  (F, - F,)p^ -  ^-^' ( U, -  U,) 
oder 
(126)  j,,F,--^(f7,-  D,)  +^^;^'  +  {^-^)Payf 

Aufier  den  BewegungsgroBen  mtLssen  auch  die  verrichteten  und  vor- 
handenen  Arbeiten  sich  ausgleichen.  Die  Zustromung  der  Qewichtsein- 

heit  liefert  die  Arbeit  jj^  F^  und  die  lebendige  Kraft  -^,  wozu  noch  die 

^9 


Vx 


Arbeit  der  sich  ausdehnenden  FlQssigkeit /jpe^F  kommt,  wobei  p  den 

Teranderlichen  Druck  bei  der  Ausdehnung  bezeichnet.  Von  diesen  Ar- 
beiten  wird  durch  den  Widerstand  der  plotzlichen  Erweiterung  g  -^  ver- 

braucht,  worauf  nochjpjFg  und  die  lebendige  Kraft  -—-  in  der  abstro- 
menden  Oewichtseinheit  iibrig  bleiben.   Es  mufi  also 

Vx 

(126a)  j,,7,  +  |L*+  /;,dF-ftF.+  e^*  +  -^* 

sein.  Da  femer  im  Beharrungszustand  durch  jeden  Querschnitt  dasselbe 
Gewicht  stromt,  so  ist 

(126  b)  ^Vr-^TV*' 

womit  (126  a)  zu 

(126c)         -^i*(l+g-^-^^=p,F,-jp,F,+  /i)rfF 
und  (126)  zu 

^^^»- TU  ^.  ~  V  +  "F,""  "^  V^  "  ^/^-^* 
wird.  Wird  dieser  Wert  von  ft  ^j  i^  (126  c)  eingesetzt,  so  folgt 
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+ f .  l^^p^  -  ^'p^  -  (l  -  f )  ^^P' +fp^  ^] 


Oder  als  Endgleichung  fdr  die  Widerstandsziffer 

026.)   t-(W-l)'+^j[(M-l),. 


-(f-'>Jt''.+/'""'|. 


welche  Gleichung  bereits  F.  Grashof^)  aDgedeutet  habe.  Fdr  unverander- 
liches  Volum  F  =  Fj  «=  Fj  gibt  das 


(127) 


S-(*-l)"+»{'-5)(^.-Pj^ 


und,  wenn auch noahp^^p^  ist,  den  Ausdruck Bordas (123  a).  Der  Druck- 
yerlust  ist  also  tatsachlich  grofier  als  er  nach  Borda  ware.  Zu  einer  Rechen- 
formel  kam  Fliegner  nicht  und  so  seien  dafar  einige  seiner  Messungen 
angegeben^  wobei  unter  \  der  an  der  engsten  Stelle  herrschende  tJber- 
druck  (uber  den  atmosphariscben  Drack)  in  m  Wassersaulenbobe  and 
unter  d^  bzw.  di^  der  Durcbmesser  der  Ofifnung  bzw.  des  anscblieBenden 
weiten  Robres  verstanden  sei.  Zum  Vergleicb  ist  das  g  Bordas  beigesetzt. 


1                        1 
mm 

■                                              I 

h  und  ^  bei  Fliegners  Versuchen 

S  Bordua , 

di»    2,22 

?ii=«  + 0,001 

—  0,009 

—  0,13 

—  0,60 

—0,93 

—  1,48 

1 

d,«  16,08    ' 

t^      2138 

2130 

2088 

2053 

2051 

2046 

2080 

di=    5,16    1 

\  —      0,022 

—  0,106 

—  0,99 

—  2,31 

—  6,23 

—  7,56 

d,=»  16,08 

1:=    66,6 

64,7 

60,8 

60,0 

69,9 

69,7 

67,4 

d.-    7,72    , 

;^j  =  + 0,008 

—  0,118 

—  0,66 

—  8,07 

—  6,60 

—  8,89 

d,=  16,08 

^=    84,6 

8,69 

7,87 

7,81 

7,84 

8,61 

7,93      1 

d,  =  10,11 

;ii=  — 0,069 

0,219 

—  0,90 

6,29 

—8,06 

—  9,00 

cl,=  16,08 

f=      M8 

1,43 

1,31 

1,24 

1,28 

2,14 

1,60 

I 


Aus  diesen  Zablen  geht  beryor^  dafi  bei  plotzlicben  Erweiterungen  g  bei 
DrucksteigeruQg  erst  abnimmt  und  dann  wieder  zunimmt  und  dafi  es 

das  jBar(2asche  g  iibertreffen  kann 
und  nie  wesentlich  darunter  sinkt. 
~  Bei    allmablich    erweiterten 

Robren  (s.Figur)  sind  die  Anfangs- 
und  Endwerte  von  g  den  Torigen 


I 


i.*^ — if «>' 


F.  Grashof,  Theoretische  MaschiDenlehre  1,  Leipzig  1875,  S.  421. 
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fast  gleich,  wahrend  dessen  Minimam  viel  kleiner  wird  und  friiher  auf- 
tritt.  Beispielsweise  fanden  sich  folgende  Minimalwerte  ^min  for  ver- 
schiedene  Langen  l^  des  sich  erweiternden  Teiles,  darunter  die  Langen 
Zj  =  0  bei  plotzlicher  Erweiterung 


1    c{|  SB    2,82  mm 

Z,=    0 

10,2 

24,5 

50,5 

d^  ^  15,08  mm 

bmln  — 

1484 

1419 

848 

di :»    5,15  mm 

l.«    0 

10,8 

25,0 

49,5 

'               1 

d^  ^  15,08  mm 

tmln  =-  60,3 

48,4 

27,8 

88,1 

d|  BB    7,72  mm 

Z.-     0 

10,5 

25,0 

60,6 

d,»  15,08  mm 

Jmln=>      7,80 

5,12 

3,42 

1,10 

1   (i^»  10,11  mm 

1,=     0 

12 

25,5 

1 
1 

1 

d^ » 15,08  mm 

tmln=      1,28 

0,65 

0,82 

1 

1 
1 

Fliegners  BeobachtungeD  finden  ihre  Bestatigung  in  denen  H,  Hocli- 
schUds})  Beistehende  Figur  zeigt  dessen  Druckmessung  im  oben  erwahn- 
ten  Kanal  IV  bei  7,37  1  sec~^  DnrchfluB.  Wenn  der  Druck  Uberall  liber 
dem  Lnftdruck  blieb,  sank  er  j^QJcffi} 
an  alien  Kanalstellen,  bei  ent- 
sprechender  Andening  des  An- 
fangs-  und  Enddruckes  gleich 
viel,  so  daB  die  graphischeDar- 
stellung  kongmente  Euryen 
zeigt,  deren  onterste  die  ge- 
stricbelte  ist.  Sobald  an  der 
engsten  Stelle  1  kg  cm"  *  Pres- 
sung  unterschritten  wurde, 
nahmen  dieDrucke  im  sich  er- 
weiternden Teile  bei  gleichem 
Durchflusse  ab,  wurde  also  der  Druckunterschied,  der  die  7,87  Isec^ 
dnrch  den  Kanal  trieb,  betrachtlich  kleiner.  Wenn  durch  Drosselung 
des  Abflusses  der  Druck  gesteigert  wurde,  machte  sich  die  Nichtabson- 
denmg  von  Luft  auch  dadurch  bemerkbar,  da£  das  rasselnde  Gerausch 
plotzlich  nachlieB. 

Das  abweichende  Verhalten  der  Fliissigkeiten  im  sich  erweiternden 
gegendber  dem  im  sich  verengemden  Rohr,  namlich  das  Einschlagen 
yerschiedener  Wege,  hat  W.  Hampel^)  Ubrigens  unmittelbar  durch  teil- 
weise  Farbung  beobachtet.  In  einem  Glasmodell,  bei  welchem  Wasser 


40      60       80 
Kanalldnge 


100  mm 


1)  Versnohe  fiber  die  Strdmungsvor^Lnge,  S.  20,  Zahlentaf.  6,  Eurvenbl.  7. 

2)  Technisehe  Bl&tter  38  (1906),  S.  115;  40  (1908),  S.  30.    S.  anch  oben  S.  19. 
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durch  einen  Ringspalt  in  den  Raum  zwischen  einer  Scheibe  und  einem 
Umdrehnngs-Hyperboloid  eintrat,  zeigten  sich  die  Wege  jenen  ahnlich^ 
welche  eine  voUkommene  Fldssigkeit  eingeschlagen  hatte.  Bei  umge- 
kehrtem  FlieBen,  also  bei  Eintritt  an  der  Basis  der  sich  erweitemden 
Diise,  blieb  das  Wasser  hingegen  fast  bis  zar  Scheibe  in  Achsennahe, 
erfUllten  also  Wirbel  den  Ranm  zwischen  dem  stromenden  Mittelteil 
und  dem  Mantel. 

69.  Scliieber  und  Ventile.  J.  Weisbach^)  und  E,  Kuidding^  haben 

den  Druckyerlnst,  den  Schieber  verursachen^  und  zwar  ersterer  fdr  ein- 

fache  Bauweise  und  Abmessungen  von  einigen  Zentimetem^  letzterer 

far  einen  heutigen  Wasserleitungsschieber  von  0,61  m  Durch- 

— JL-      gangsweite  gemessen.  DasYerhaltnis  desDruckhohenyerlustesA 

zur  Geschwindigkeitshohe  im  Leitungsrohre  bezeichnete  Wets- 

hack  mit  i,  indem  er 

"^^     (128) 


setzte.  Benennt  man  femer  das  Verhaltnis  der  Hohe  der  bei  teilweiser 
dffnung  eines  Schiebers  freigelegten  halbmondformigen  Flache  zum 
Rohrdurchmesser  mit  dem  Ausdruck  Schieberstellung,  so  gilt  nach- 
stehende  Tabelle. 


1 ' " 

1 

Schieberfltellang 

t 

0 

18/72 

7/36  ;  6/24       1/4        1/3        8/8       6/12  j  11/24  i    l,/2 

!  7/12 

2/8       1 

0 

Querschnittsyerh&ltnia  (Weishctch) 

\  0,816              j  0,466                            0,609 

i^ 

48,0 

WideiBtandsziffer  i  (Weishaeh) 
36,0  1  28,0      17,0      7,92      6,62  {  8,97      2,89      2,06 

1,11 

0,67      0 

1 

0 

Qaerschnittsverfaaltms  (Kuxchling) 

0,296                0,461                           !  0,698 

>                                                                       1 

■ 

41,21 

Widerstandsziffer  i  {KuiMing) 
86,36    81,86  !  22,68  ;  11,89     8,68      6,33      4,67      8,27 

1,66 

0,771     0 

Bei  den  Qblichen  Schiebem  wird  eine  wesentliche  Durchflu£yerringerung 
hiemach  erst  erzielt,  wenn  die  Scheibe  (der  sog.  Schieberkeil)  den  groBten 
Teil  ihres  Weges  zuriickgelegt  hat.  Andrerseits  ist  es  aber  nicht  recht 
verstandlich,  dafi  bei  offenem  Schieber  die  Unterbrechung  des  schlichten 
Rohres,  wie  Weisbach  will,  unmerklich  bleiben  soil.  Nach  Messungen 

1)  Untersnchungen  usw.,  1.  Abt.,  Leipzig  1872,  S.  7;    Weiabach- Herrmann^ 
1.  Teil,  S.  1049. 

2)  Am.  Soc.  Civ.  Eng.Tians.  26  (1892),  S.439  (in  (^meinschaft  mit/.  Thamwn). 
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Ton  G.  S.  Williams,  C.  W.  HubbeU  und  G.  K  FenkeU  ^)  ist 
auch  das  Gegenteil  der  Fall  und  macht  sich  die  erhohte  Wir- 
belung  stromab  weithin  bemerkbar.  Filr  Schieber  in  vierkan- 
tigen  Leitnngen  gibt  Weisbach  nachstehende  Tabelle: 

QuerachnittverhaitniB  ^,  ;  F:     0,1     0,2     0,8     0,4     0,6     0,6     0,7     0,8     0,9     1,0 
WiderstandBziffer  ^:    193  44,6  17,8     8,12  4,02  2,08  0,95  0,39  0,09  0,0 

Femer  stammen  Ton  ihm  nachstehende 
Angaben  fQr  den  Durchgang  des  Wassers 
dorch  einen 


'Jjt*inriwj3p,jpw,,f 


1    Hahn  in  paiallelepipediscliem  Rohr 

Hahn  in  zylindrischem  Rohr 

i  Stellwinkel 

Qnerschnittfl-  Widerstands- 
Yerh&ltDie    !        ziffer 

SteUwinkel  {^l^^^' 

WiderstandB- 
ziffer       1 

6* 

0,926                   0,06 

6* 

0,926 

0,05        1 

10* 

0,849 

0,81 

10*                 o»850 

0,29 

16* 

0,769                   0,88 

16* 

0,772 

0,75        1 

20* 

0,687 

1,84 

20* 

0,692 

1,56 

26* 

0,604 

3,45 

26* 

0,613 

8,10 

30* 

0,620 

6,16 

30* 

0,636 

6,47 

,         86* 

0,486 

11,2 

86* 

0,468 

9,68 

40* 

0,362 

20,7 

40* 

0,386 

17,3 

46* 

0,869 

41,0 

46* 

0,315 

31,2 

50* 

0,188 

95,3 

60* 

0,250 

62,6 

1         65* 

0,110 

275 

66* 

0,190 

106 

!         66%* 

0                          oo 

60* 

0,137 

206 

1 

66*                 0,091 

486 

82  Vg* 

0 

OO 

Nach  WeisixKnh^)  betragt  fiir  den  Durchgang  des 
Wassers  neben  einer  Drehklappe  (Drosselklappe)  bei  ( 
oinem 


mmtwt.tti'm.mmt^flffftttlttmmUmt 


1 

1    stellwinkel 

Qnerschnitts- 

WiderstandBziffer 

1 

verhUltniB 

parallelepipediBchoB  Rohr 

zylindrisches  Rohr 

6* 

0,913 

0,28 

0,24 

10* 

0,826 

0,45 

0,62 

16* 

0,741 

0,77 

0,90 

'            20* 

0,658 

1,84                                      1,54              ;| 

1            25* 

0,577 

2,16 

2,61 

1            30* 

0,500 

3,64 

3,91 

1            36* 

0,426 

6,7                                         6,22 

40* 

0,867 

9,27                      .                10,8 

!            46* 

0,293 

16,07                                      18,7 

60* 

0,234 

24,9 

32,6 

55* 

0,181 

42,7                                       68,8 

1            60* 

0,134 

77,4                                    118 

66* 

0,094 

158                                       256 

:           70* 

0,060 

368 

750 

90* 

0 

OO 

OO 

1)  Amer.  Soc.  Civ.  Eng.  Trans.  47  (1902),  S.  143. 

2)  Lehrbnch  1  (1846),  8.  461. 
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Ftir  eine  Yentilklappe  fand  J.  Weisbach^)  bei  einem  Querschnitts- 
verhaltsis  zwischen  Darchgangsofihimg  und  Rohre  yon  0^535  nach- 
stehende  Zahlen: 

Offnungswinkel:  15«  20®  25<>  30^  35«  40«  45^  50«  55«  60^  65«  70« 
WiderstandsziflFer:   90    62    42    30    20    14    9,5  6,6  4,6  3.2  2,3   1,7. 

Mit  Pumpenyentilen  verschiedenster  Form  befaBte  sich  C.  Bach,  der 
sich  in  folgendem  Sinne  ausspricht'):  Bezeicbnet  P  diejenige  Kraft,  mit 
welcher  das  geoffiiete  Yentil  belastet  sein  muB,  nm  sich  in  dieser  Lage 
gegendber  der  von  der  stromenden  Flftssigkeit  betatigten  Wirkmig  im 
Gleichgewieht  zu  halten  (also  meist  das  Gewicht  des  Yentils  im  TFosser), 

D  den  Durchmesser  der  Yentilsitzoffhung,  F  ^  V  "^*  ^^^  Qnerschnitt 
der  YentilsitzoflPnung,  h  die  Hubhdhe  des  Yentils,  ve  die  Samme  der  anf 
dem  Umfange  %D  gemessenen  Rippenbreiten  fUr  den  Fall  der  unteren 
Fiihrang  des  Yentiles  durch  Rippen,  h  die  radiale  Breite  der  Dichtungs- 

flache  «—  -^  (Dj  —  D)  der  Figuren,   U  die  Geschwindigkeit,  mit  welcher 

das  Wasser  durch  den  Qnerschnitt  F  flieBt,  gr—  die  Widerstandshohe 

oder  den  Drackhohenverlnst  durch  samtliche  vom  Yentil  verursachten 
Bewegungswiderstande,  a,  ^,  y,  x,  ft  Erfahrungswerte;  so  gelten  mit  m 
als  Langen,  m'  als  Flachen  und  kg  als  Gewichte  iblgende  Gleichnngen: 

(129)  P.1000i^.^-[x-f-Q*], 

(129a)  P-  lOOOf-^*  [x  +  (^(,^^,,),)*], 

(129  b)  5«a  +  |j(^-)', 

(129  c)  5-«  +  ^((^^^^)^)', 

(129  d)  g_„  +  ^(^)  +  y(^)». 

Dabei  sind  zu  nehmen: 
Fiir  Tellerventile  ohne  untere  FOhrung  (Abb.  A),  wenn  die  Hubhdhe 
A  =  0,1  2)  bis  0,25  2),  die  Breite  6  ==  0,1  D  bis  0,25  D  ist,  die  Gleichun- 
gen  (129)  und  (129  b)  mit 

X  —  2,5  +  19  -—-  j<—    >  /*  —  0,6  bei  schmaler  bis  0,62  bei  breiter 

Dichtnngsflache,  a  =•  0,55  +  4    ~-j^      ,/?  =  0,15  bei  schmaler  bis 
0,16  bei  breiter  Dichtnngsflache. 


1)  Ebenda  S  453. 

2)  Z.  d.Yer.  deutsch.  Ing.  80  (1886),  S.  423;  weitere  Einzelheiten  in  C  Bach^ 
Yersuche  tiber  Ventilbelastang  und  Yentilwiderstand,  Berlin  1884. 
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Flir  TellerventUe  mit  uiitererFiihrung(Abb.jB)  beiHubh6hen*-0,1252> 
bis  0,25D  die  Gl.  (129  a)  und  (129  c)  mit 

Werten  yon  x  nnd  fji,  welcbe  0,9  der  oben  angegebenen  sind;  Wer- 
ten  Yon  a^  welcbe  die  oben  angegebenen  urn  0,8  bis  1^6  dber* 
schreiten;  entsprechend  einer  Verengerung  des  Querscbnittes  der 
VentiloflEnung  durcb  die  Rippen  auf  0,87 -F  bis  0,8  F;  /3  -  1,7 
bis  1,75. 


^-^-! 


I 


c^tol 


:§      r    '^ 
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1 


— i^l — J 


^^ 


i 
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5? 
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Va 


►g 


i 
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Fiir  Kegelventile  mit  ebener  XJnterflache  (Abb.  (7)  bei  6  =  0,1 2)  und 
A  -  0,1  D  bis  0,15  B  die  Gl.  (129)  mit 

X 1,05,  /t-0,89; 

ferner,  weil  die  Anderung  der  Fiibrung  des  seitlich  ausweichenden 
Wassers  bei  tJberschreitung  der  Hnbhohe  A  —  0,15  D  eine  plotzlich& 
Anderung  von  P  (aber  nicht  von  £)  bewirkt,  bei  6  =»  0,1  D  und  A  —  0,1  2> 
bis  0,25  D  die  Gl.  (129  d)  mit 

a  =-2,6,    /3 0,8,     y  -  0,14. 

(Der  Widerstand  ist  bier  also  wesentlich  kleiner  als  bei  Tellerventilen.) 

Far  Kegelventile  mit  kegelformiger  XJnterflache  (Abb.  D)  bei  Hubhohen 
A  =  0,125  2)  bis  0,42)  die  GL  (129)  und  (129  b)  mit 

x-0,38,    /It-.  0,68,    a -0,6,    /J  =  0,15. 

Fdr  Ventile  mit  kugelformiger  Unterflache  (Abb.  E)  bei  Hubhohen 
A  -  0,1 2)  bis  0,25  2)  Gl.  (129)  und  (129  d)  mit 

X  =  0,96,    \i  =.  1,15,     a  -  2,7,    /J 0,8,    y  =  0,14. 
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Samtliche  Angaben  setzen  yoraus^  dafi  der  ringformige  Querschnitt 
zwischen  Yentilteller  imd  Oehausewand 

-J  W-  A*)  -  1,8F=  1,8 -^-D« 

«ei  und  dafi  das  Wasser  das  Yentilgehause  in  senkrechter  Richtung  yer- 

lasee.   Das  yon  Bach  benutzte  Telleryentil  ohne  untere  Fiihrung,  das 

Kegelyentil  mit  ebener  Unterflache  und  das  Yentil  mit  kngelformiger 

Unterflache  waren  an  der  ganzen  Unterflache  sauber  bearbeitet,  das  ge- 

fUhrte  Telleryentil  dagegen  nur  an  der  Dichtungsflache  und  den  ftihren- 

den  Flachen  der  Rippen.  Die  Gehausewandungen  blieben  unbearbeitet, 

di^egen  war  die  Yentilsitzoffnung  ausgebohrt. 

Beispiel.  In  einer  Rohrleitung  von  D^^Ofib  m  Weite  ist  ein  Telleryentil 
von  Z>i  SB  0,062  m  Dnichmesser  mit  oberer  Ftlbrang  als  Ruckflnfiventil  einge- 
schaltet.  Der  Dnrchflnfi  hat  so  grofi  zu  sein,  dafi  die  StrOmongBg^schwindig- 
keit  U  iin.  Rohr  sich  zu  1,86  m  berechnet.  Welchen  DruckhGhenverlnst  ver- 
XLTsacht  das  Yentil  bei  1  kg  Qewicht  im  Wasser?   £s  findet  sich  2^=0,00196, 

U^i^gmm  0,174,  daher  P  —  1  =  1000  •  0,00196  •  0,174.   [2,88  +  -'-^,^?1  <«  0,982 

+  — ^^,— ^  Oder 0,018  ^•=0,000139  oder  ;i==>/0;007 7  =  0,0878.  Das  Ventil  wird 

sich  also  0,0878  m  vom  Sitz  erheben,    womit  D* :  ^' »  0,0026  :  0,0077  »  0,326, 

0,006  —  0,006 
femer  f  «  0,66  +  4  ^  '    -  +  0,15  •  0,326  ==  0,66  +  0,08  +  0,049  -=  0.68  und 

der  Druckverlust  »  0,68  •  0,174  »»^  0,118  m  wird. 

Fiir  den  Ubergang  des  Wassers  aus  einem  gewohnlichen  Feuer- 
pfosten  in  einen  Schlauch  ermittelte  J.  R.  Freeman  ^)  eine  Widerstands- 
h5he  yon  ,^, 

worin  U  die  Geschwindigkeit  im  Schlauch  bedeutet. 

70.  BiohtungB&ndemngen  von  Gerinnen  nnd  Bdhren.  In  einem 
Knie  eines  Gerinnes  bewegen  sich  die  Wasserteilchen  yermoge  ihrer 

Tra&fheit  tunlichst  in  ihrer  ur- 

"fi'\j) '^.  sprdnglichen  Richtung  weiter, 

TT^^^*- ' ehe  sie  die  neue  einschlagen. 

J*----*l V  'L-txJ- Dadurch  entsteht  unterhalb  des 

' '  fl  '  (a)  ~*  yorspringenden  Eckes  eine  nicht 

durchflossene  Stelle^  also  eine 
Einengung  des  durchflossenen  Querschnittes,  auf  welche  wieder  eine 

1)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  469.  Der  Wert  0,6  ergibt  sich 
•aus  dem  von  Freeman  angegebenen  Ausflufikoeffizienten.  Dafi  die  Yerwendong 
von  Euppelungen  von  64  mm  Weite  in  einem  Schlauch  von  76  mm  belanglos  ist, 
^iehe  Joum.  f.  Gasb.  u.  Wasserv.  38  (1895),  S.  170  nach  W.  Jackson. 
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Ausbreitung  der  Wasserfaden  folgt,  die  einen  Druckyerlust^  also  eine 
Gefallshohe  gemafi  Borda  verlangt.    Bedeutet  h  die  Breite, 
h  die  gleichmaSige  Tiefe,  /3  den  Winkel  der  beiden  Rich-     = 
tungen,  v  eine  kleine  Zahl,  c^  und  c^  Konstante,  die  iibrigens        — — r-  j" 
sowie  V  nocb  unbekannt  sind,  so  schatzt  J,  Boussinesq^)  "} 

den  Abstand  der  Verengung  vom  Eck  *"  ^i  T  (x)     ^  > 


I 

h 


die  bier  auf  das  tote  Wasser  entfaUende  Flache       ^  c^ih  [-r-) 
den  Abstand  der  Stelle,  wo  die  Wasserfaden  wieder 


parallel  werden,  vom  Eck  "^  ^2  "g"  yjr) 


wobei  er  unter  Eck  den  Achsenschnittpnnkt  verstebt. 

Einen  Bogen  eines  Flusses  faBt  Boussinesq  als  eine  fortlaufende 
Reibe  von  Enieen  auf  and  gelangt  nacb  Zwiscbeniiberlegungen  auf 
Gnind  obiger  Ausdrucke  zur  Ansicbt,  daB  der  Druek- 
verlust,  also  der  Hobenverlust  pro  Langeneinbeit^ 
wenn  die  Geschwindigkeit  U  im  unverengten  Flu6 
berrscbt^  durcb 


l-Sv 

U 


-na) 


ausdriickbar  sein  mUsse,  worin  — r —  eine  sebr  kleine  Zabl  sei,  und  r 

wieder  eine  Eonstante,  9i  den  Eriimmungsbalbmesser  bedeutet.  Danacb 
fande  sicb,  wenn  in  der  Geraden  U^  c)/A7gilt,  im  Bogen 

(ISO)  j_.^!(^+,y|:), 

bier  ist  r^  eine  neue  Eonstante^  die  nacb  Untersucbungen  yon  TF.  Ldh- 

meyer^  ungefabr  =  -^-   1  sein  miiflte,  also  die  Dimension  m"^  sec*  bat. 

Mit  Enierobren  befaBte  sicb  J.  Weisbach^),  welcber  bei  Versucben 
mit  einer  Robre  von  3  cm  Weite  fiir  einen  balben  Ablenkungswinkel  d 
den  Widerstandskoeffizienten 

(131)  g  -  0,9457  sin«  d  +  2,047  sin^  d 

fand  oder  fQr 

d-    10«       2(fi       30<>       40«       45^      50®     55®     60®      65®      70® 

S  « 0,046    0,139    0,364    0,740    0,984    1,26    1,56    1,86    2,16    2,43. 


1)  Eanz  coarantes,  S.  602;  J.  de  math.  (3)  9  (1883),  S.  129. 

2)  Allgemeine  Bauzeitnng  17  (1852),  S.  153. 
8)  Lehrbnch  1,  Leipzig  1845,  S.  437. 

Porohhoimer:  Hjdraxilik  16 
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Hiernach  ware  bei  einem  rechtwinkligen  Knie  oder  =  45^  der  durch  die 
Richtungsanderung  herbeigeftthrte  Druckhohenverlust 

oder  fast  der  Geschwindigkeitshohe  gleich.  Bei  engerem  Rohr  war  t 
groBer  und  zeigte  sich  z.  B.  fQr  ein  Knie  von  1  cm  Weite  und  90®  Ab- 
lenkung  »-  1;536.  Letzterer  Angabe  schliefit  sich  die  T.  Montanaris  an^ 
der  mit  rechtwinkligen  Knien  von  D  =  2r  ^  1  bis  4  cm  Weite  Ver- 
suche  anstellte,  und  sagt,  es  sei  fiir  2r  <  2  cm  der  durch  die  Ablenkung 
hinzutretende  Druckhohenverlust  auf  eine  Lange  von  5  D  vom  Knie  ab- 
warts  46  \  r'» 

und  auf  unendliche  Lange  vom  Knie  abwarts 


wobei  D  in  mm  auszudrUcken  sei.  Montanari^)  beschrankt  hiernach  die 

Wirkung  des  Knies  nicht  auf  dessen  unmittelbare  Nachbarschaft^  worin 

gemafi  den  Erfahrungen,  die  man  seitdem  mit  anderen  Unstetig- 

I        keiten  in  Rohren  gemacht  hat,  er  fast  sicher  recht  hat.    F^ 

D  >  20  mm  gibt  Montanari  eine  seltsame  Pormel,  nach  der  der 

^^^^^^^    •     Druckverlust  ftir  D  =-  30  mm  auf  5'D  bzw.  unend- 

j -^    liche  Lange  vom  Knie  ab  sich  «  1,14  bzw.  1,35  — 


r*- 5D *i        ergeben  wiirde. 

VerlaBlicher   erscheinen   die  Ermittelungen  A,  W,  Brightmores*), 
welcher  den  zur  Rohrreibung  hinzukommende  Druckverlust  in  76  bzw. 

102  mm  weiten  rechtwinkligen  Knien  zu 

'       ^g 

bestimmte,   welcher  Wert   zwischen   den  bisher 

angefiihrten  Uegt  und  gegen  eine  Abnahme  von  t 

bei  wachsender  Weite  spricht. 
W]         CI)  ^^^  Krummer  (Kropfrohren)  von  2r  Licht- 

2  U-         J  5  '  weite,  deren  Achse  einen  Viertelkreis  vom  Halb- 

messer  9%  bildet  —  solche  Krummer  seien  im  fol- 
genden  als  EUbogen  bezeichnet  —  fand  J.  Weisbach^)  auf  Grund  eigener 


1)  Politecnico  46  (1898),  S.  622. 

2)  Min.  Proc.  Inst.  Civ.  Eng.  169  (1907),  S.  326. 

3)  Lehrbucli  1,  Leipzig  1846,  S.  439. 
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Yersuche  and  solcher  von  L.  G.  du  Buat  empirisch  als  Widerstands- 
ziffer  ^  bei 

kreisformigen  Querschnitt  «  0,131  +  1,847  (^)  *, 

(132)        j  ^    \ 

rechteckigen  „  -  0,124  +  3,104  (^)  '\ 

wozu  bemerkt  werde,  dafi  bei  den  ,prektangalaren  Querschnitten^  Weis- 
hack  nur  die  Lichtweite  in  der  Ejrtlnmiungsebene  za  bertlckBichtigen 
scheint,  weil  nur  diese  die  Einschntlrung  des  Wassers  beeinfloBt.  Durch 
Ausrechnen  von  (133)  erhalt  man  fftr 

r  :  » =    0,1         0,2         0,3         0,4         0,6         0,6         0,7         0,8         0,9         1,0 
i «  0,181     0,138     0,158     0,206     0,294     0,440     0,661     0,977     1,408     1,978 
i »  0,124     0,136     0,180     0,260     0,898     0,643     1,016     1,546     2,271     8,228 

Da  sich  in  solchen  Ertlmmem  die  Einschntlrang  scbon  vollstandig  yoU- 
zogen  habe,  bewirkt  nach  Weishack  ein  grofierer  Zentriwinkel  als  90® 
keine  Erhobung  von  ^. 

Diese  Anschaunngen  lassen  sich  bente  nicbt  mebr  aufrechthalten. 
Znnachst  steUte  eT.  i2.  jPreeman')  fest,  dafi  in  Spritzenschlaucben  von 

9i:D^3,54    5,09    7,64   10^   12,7   16,3   17,8   20,4   2Ji9   25,5 
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von  63  nnd  67  mm  Weite  der  Znwachs  des  Druckverlustes,  welchen 
EUbogen  (Qnadranten)  von  61,  91  und  122  cm  Halbmesser  hervorriefen^ 
mit  letzterem  wnchs.  Dann  fanden  G,  S.  WiUiams,  C.  W.  BubheU  und 
G.  H.  Frenkdl^,  dafi  der  Druckverlust  keineswegs  auf  den  Bogen  selbst 
beschrankt  sei.  Es  erhoht  sicb  in  diesem  namlich  die  Wirbelung  und 
so  mufi  das  Wasser  noch  eine  langere  Strecke  durchlaufen,  ebe  es  sick 


1)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  366. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  47  (1902),  S.  188. 
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wieder  beruhigt.   Die  Genannten,  welche  ftir  ihre  Versuche  StraBenlei- 

tungen  von  0,3  bis  0,76  m  Dmr.  benutzten,  geben  beistehend  wieder- 

gegebene  Kurve,  aus  der  hervorgeht,  um  wieviel  Prozent  zn  Beginn 

einer  Strecke  von  80  Durchmessem  Lange  befindliche  Ellbogen  yer- 

schiedener  Lange   den  Druckyerlast  der  Strecke  erhohen.    Wenn  man 

z.  B.  in  einen  Strang  yom  Durchmesser  D  einen  Ellbogen  einlegen  mufi, 

ist  es  am  gunstigsten,  demselben 

eine  Lange  yon  42),  also  der  Rohr-   ^ 

achse  einen  Eriimmungshalbmesser 

82) 


V-2.  Patt 


SR  yon   der   Lange  —  zu  geben. 

rjf Damit  steigt  auf  801)  Lange  der  ^^ — i  v^         i 

Druckyerlnst   auf  1,13  desjenigen,  '^^ ."-;:.  J._- 

der  ohnejedeErtlmmnngyorhanden 


l.FaU 


B 


ware.  Wiirde  man  aber  die  Eriimmung  yon  90^  auf  eine  Lange  yon  38  D 
yerteilen,  so  stiege  der  Druckyerlnst  fast  auf  den  doppelten  der  geraden 
Strecke.  AUerdings  wird  im  zweiten  Falle  zwischen  zwei  gegAenen 
Punkten  A  und  B  die  Rohrlange  um 

0,273(38D-42))«9,32) 

kUrzer  als  im  ersten,  wodurch  wieder  ein  entsprechender  Druckyerlnst 
entfallt.  Zu  dem  Uberraschenden  Ergebnisse  der  Versuche  bemerkt 
J,  P.  Church^)  erlauternd,  daB  der  pro  Langeneinheit  des  Bogens  zur 
Bohrreibung  der  geraden  Strecke  hinzutretende  Druckyerlnst  zwar  bei 
flacber  Eriimmung  abnehme,  aber  in  geringerem  MaBe,  als  die  bei  dem 
gegebenen  Zentriwinkel  dem  Eriimmungshalbmesser  proportionaleBogen- 
lange  wachst.  Die  Schwierigkeit  bei  Biegung  yon  Metallrohren  den  ur- 
spriinglichen  Querschuitt  unyerandert  zu  erhalten,  bewog  C,  W.  L. 
Alexander^),  Rohren  und  Ellbogen  aus  an  der  Lmenseite  gefimiStem 
Holz  zu  benutzen.  Die  Lichtweite  war  32  mm  und  das  Druckgefalle  im 
geraden  Rohr  ergab  sich  bei  der  Geschwindigkeit  U  (in  m  sec~*)  zu 

J  =0,04111/1.". 

Bei  Einlegen  eines  Ellbogens  yon  der  Lange  I  zeigte  sich  der  Zuwachs 
an  Druckhohenyerlust  ebenfalls  U  i»"  proportional  namlich,  wenn  r  ^  0,2  SR 
war,  zu 

(133)        1,66  {^y^  1 .  0,0411  f/i."7  -  0,107  {^J^  SR  U'*'^'\ 

wahrend  bei  scharferer  Eriimmung  bis  zu  r  »  0,5  91  der  Zuwachs  das 
Gesetz 


1)  Ebenda  S.  216. 

2)  Min.  Proc.  Inst.  Civ.  Eng.  169  (1905),  S.  368. 
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25,0  (J)''"  1 .  0,0411  ?7i'"^  -  1,61  ( J)'*^  « ?7*''" 

befolgte.  Ahnlich  berechnete  Alexander  fiir  ein  Messingrohr  ron  iSop^ 
und  Schoder  den  Zuwachs  zu 

3,27  (J)"'''  1 .  0,0262  ?7i»^«  -  0,135  {-f''^  ^  V'^'^. 

Nach  obigen  Formeln  wachst  der  yon  der  Ertlmmiuig  stammende  Druck- 
verlust  einmal  mit  wachsender,  das  andere  Mai  bei  abnehmender  ErUm- 
mung.  Dazwischen  habe  er,  wenn  Z)  —  2r  die  Rohrweite  bedeutet,  flir 

«-2,5D    Oder     ^  -  0,2 

seinen  kleinsten  Wert.  Die  YerBuche  Alexanders  litten  an  dem  Febler, 
dafi  die  an  den  Bogen  angeschlossene  gerade  Strecke  viel  zu  kurz  war, 
als  dafi  sich  in  ihr  die  Bogeneinwirkung  erschopft  hatte.  —  A,  W.  Bright- 
more^)  verwendete  Flanschenrdhren  von  76  und  102  mm  Weite  und  fand 
den  durch  EUbogen  verursachten  gesamten  Zuwachs  an  Druckverlust 
(gegeniiber  dem  in  geraden  Rohren)  genau  [7*  proportional.  Fiir  SR  =  3 
bis  42)  war  er,  wie  in  den  weiten  Leitungen  WiUiams  und  seiner  Mit- 
arbeiter,  am  kleinsten,  dann  hatte  er  ein  Maximum  fur  91  »  6  bis  7  D, 
worauf  er  wieder  sank,  wahrend  er  bei  Williams  bei  8t  =«  242)  noch 
immer  mit  91  wuchs.  Dafi  auch  hier  bei  weiten  Leitungen  bei  fortgesetzter 
Verflachung  der  Eriimmung  der  Druckverlustzuwachs  doch  einmal  wieder 
abnimmt,  geht  tlbrigens  daraus  hervor,  dafi  er  ftlr  9fi  »  oo  yerschwinden 
mufi.  A,  W.Brightmore  fand  ferner,  dafi  fur  das  gtlnstigste  Eriimmungs- 
yerhaltnis  SR  =  beilaufig  42)  der  Zuwachs,  den  der  gesamte  Druckver- 
lust dadurch  erleidet,  dafi  ein  Teil  des  Rohres  einen  EUbogen  bUdet, 
vom  Rohrdurchmesser  fast  unabhangig  ist,  also  nur  von  der  Geschwin- 
digkeit  (und  auch  wohl  von  der  Rauhigkeit)  abhangt  und  z.  B.  fQr 
1,52  msec ^  Geschwindigkeit  etwa  32  mm  betragt.  Das  stimmt  mit 
Alexanders  Angaben  nicht,  nach  welchen  bei  gegebenem  Yerhaltnis  r :  91 
der  Druckverlust  mit  dem  Ertimmungshalbmesser,  also  wenn  dieser 

—  42)  ist,  mit  2)  selbst  wachsen  soil.   Fiir  ^  =  0,2  bzw.  0,125  (oder 

fR  ^  27,  bzw.  42))  verursacht  nach  Alexanders  Formel  in  seinem  Rohr 
von  2)  —  63,5  mm  bei  einer  Geschwindigkeit  [7=  1,524  msec" ^  ein 
EUbogen  eine  Zunahme  des  Druckhohenverlustes  von  9,9  bzw.  10,2  mm 
und  damit  ein  Drittel  von  dem,  was  nach  Brightmore  zu  erwarten  ware. 
E.  W.  Schoder^)  machte  dann  abermals  Vers  ache  mit  EisenrohreUbogen 


1)  Min.  Proc.  Inst.  Civ.  Eng.  169  (1907),  S.  816. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  62  (1909),  S.  67. 
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von  15  cm  Weite  und  0,2  bis  3,05  m  Radius  und  fand  den  geringsten 
Druckyerlust  bei  flacber  Eriimmuiig,  namlich  bei  9t  nngefahr  «  30r; 
aucb  war  der  zusatzliche  Yerlust  viel  kleiner  als  nach  WiUiams  An- 
gaben.  Dagegen  leitete  G,  J.  Davis^)  aus  diesen  Yersucben  ab,  daB 
sie  Brightmares  Angabe,  es  seien  die  zusatzlichen  EUbogenyerlnste  ftir 
9i  »  42)  »  8r  bei  alien  Rohrweiten  gleich  grofi,  bestatigen. 

Das  Yerbalten  von  EUbogen  erscbeint  nacb  dem  Gesagten  noch 
nicht  geniigend  erforscbt  und  fOr  Bogen  kleineren  Zentriwinkels  feblen 
Untersucbungen  fast  g^uizlicb.  Nacb  Beobacbtung  you  Schoder^)  an  einer 
Leitung  mit  Bogen  yon  2^  bis  4®  Zentriwinkel  scbeinen  solcbe  aller- 
dings  wirkungslos  zu  sein. 

EC.  Der  AnsfloB  dorch  6flhiiiigeii. 

71.  GtoBcliiohtliohe  Entwioklung.  DieBeaktion.  Die  Koeffljaenten. 

Das  AusfluBproblem  war  einer  der  Ausgangspunkte^)  der  tbeoretiscben 
Hydraulik  und  scbon  die  Scbtiler  Gaiileis,  namentlicb  Castdli  und  Tori- 
ceUi^),  baben  sicb  mit  ibm  befafit.  Ersterer  babe  urn  1640  gezeigt,  dafi 
die  Gescbwindigkeit  bei  AusfluS  des  Wassers  aus  kleinen  O&ungen  mit 
deren  Tiefenlage  unter  dem  Spiegel  (und  zwar,  wie  er  glaubte,  propor- 
tional) zunebme,  letzterer  beobachtete,  dafi  ein  Flussigkeitsstrabl,  der 
aus  einem  Gefafie  gespeist  wird,  nabezu  bis  zum  freien  Gefafispiegel 
aufsteigen  kann.  Nacb  dem  Fallgesetz  mufiten  sicb  biemacb  die  Aus- 
llufigescbwindigkeiten  wie  die  Quadratwurzeln  der  Druckboben  yerbalten. 
Auf  Grund  eigener  Yersucbe  wurde  dieses  Gesetz  yon  MarioUe^)  und 
yon  Z).  Cruglidmini^)  bestatigt.  Dabei  fand  ersterer,  dafi  die  Sprungbobe 
aus  einer  Ofinung  in  dtLnner  Wand  grofier  als  aus  einem  MundstQck  ist. 
/.  Newton'^  tracbtete  die  Ausflufigesetze  tbeoretiscb  zu  begriinden,  ge- 
langte  jedocb  zunacbst  zur  irrtiimlicben  Folgerung,  dafi  die  Gescbwin- 
digkeit gleicb  der  Endgescbwindigkeit  eines  durcb  die  hcUbe  Druckbohe 
freifaUenden  Eorpers  sei.  Den  Widersprucb  mit  frQberen  und  eigenen 
Yersucben  erklarte  er  spater^)  dahin,  dafi  die  Gescbwindigkeit  zwar  in 

1)  Ebenda  S.  109. 

2)  Ebenda  S.  88.  Kriimmer,  die  PotentialbewegnDg  zulassen:  H.  Grether, 
Verhandl.  d.  Ver.  z.  Befbrd.  d.  Gewerbefl.  1909,  8.  117  f. 

3)  N&beres  zu  erseben  in  M.  Buhlmann,  Hydromecbanik,  2.  Anfl.,  Hannover 
1880,  8.  187f. 

4)  ToriceUi,  del  moio  dei  gravi,  Firenze  1644. 

6)  Traits  da  mouvement  des  eaux  et  dee  antrea  flnides,  Paris  1686,  Tail  8, 
Gespr&cb  2. 

6)  Mensnra  aquamm  fluentium,  Bononia  1690. 

7)  Pbilosopbiae  naturalis  principia  matbematica  1687,  L.  2  Prop.  86. 

8)  2.  Aaflage  der  Principia  1740. 
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der  Oefafimiindung  der  halben^  aber  etwas  tiefer  im  eingeschntirten 
Strahl,  der  vena  contracta,  bereits  der  ganzen  Druckhohe  entspreche, 
wonach  die  Einschntlrung  im  Verhaltnis  1  :  )/2  erfolgen  mtlsse.  Nach- 
dem  MarioUe  zur  Bestimmung  der  aas  einem  Gef a£e  flieBenden  Wasser- 
menge  den  Wasserzoll  (ponce  d'eau)  eingefQhrt  hatte,  ging  der  Marchese 
G.  Pcleni^)  auf  die  Abhangigkeiten  der  AusfluSmenge  naher  ein.  Er 
wies  nacby  dafi  ein  zyliudrisches  MundsttLck  sie  yermehrt,  femer  dafi  mit 
dessen  Lange  der  Ausflufi  erst  zunimmt,  dann  wieder  abnimmt.  Er  be- 
nntzte  auch  konische  MundstQcke  nnd  fand,  dafi  der  Strahl  die  Offnung 
nnter  Umstanden  gar  nicht  ansfUllt.  Bei  kreisformigem  Loch  in  dOnner 
Wand  bestimmte  er  den  Strablqnerschnitt  —  0,622  der  Lochflache. 

Die  Eenntnis  der  absolnten  Grofie  der  Ausflufigeschwindigkeit  ist 
Daniel  Bernoulli  ^  zu  verdanken,  der  sein  schon  erwahntes  Prinzip  mit 
den  Worten  aussprach,  dafi  zwischen  dem  wirklichen  Herabsteigen 
(descensum  actnalem)  einer  FlUssigkeit  in  einem  Gef  afie  und  deren  vir- 
tnellem  Aufsteigen  (ascensnm  potentialem)  stets  Gleichheit  stattfinde. 
Die  Gleichung  Bemoullis  lantet 

F*  hF* 

worin  V  die  Geschwindigkeit,  h  die  Tiefe  nnter  dem  Spiegel,  F  den 
Gef afiquerschnitt,  f  die  Offunngsflache  bedeutet.  Aus  ihr  folgt  fdr  recht 
kleine  Offnnng  die  Formal 
(134a)  r^y2gh, 

welcbe  haufig  ToriceUiBGhe  Formel  genannt  wird. 

Der  Ausflufi  ist  nicht  ohne  Wirkung  auf  die  Druckverteilung  im 
Innem  des  Gef  afies.  So  lange  hier  Ruhe  herrscht,  heben  sich  die  Wasser- 
drucke  aufeinander  gegeniiberliegende  Flachen  auf.  Stromt  aber  ein 
Strahl  Yom  eingeschntirten  Querschnitt  tffF  mit  der  Geschwindigkeit 
V  =  y2gh  in  der  Tiefe  h  unter  dem  Spiegel  durch  eine  Offiiung  aus, 
die  man  sich  zunachst  in  einer  Seitenwand  den  ken  kann,  so  erhalt  fort- 
gesetzt  in  der  Zeiteinheit  eine  Masse 

ytifFV 
9      ' 

die  frUher  ruhend  war,  eine  Beschleunigung  F.  Das  ist,  weil  im  einge- 
schnQrten  Querschnitt  der  Druck  Null  ist,  nach  dem  Impulssatz  nur 
moglich,  wenn  ein  Druck 

(135)  '-^^^.v^riiyi^2rn>Fh 

9  if 

1)  De CastelliB,  Florentia  1718,  u.  italienisch Delle  Pescaje,  Raccolta 8,  S.414f. 

2)  Hydrodynamica,  Argentorati  1738. 
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den  Strahl  vertreibt.  Der  Drucky  den  das  6ef  aB  im  entgegengesetzten 
Sinn  der  Ausflufirichtung  erleidet,  oder  die  Beaktion,  ist  also  doppelt 
so  grofi  wie  der  statische  Dinick  anf  den  Strahlquerschnitt.  Die  Richtig- 
keit  dieses  Satzes  haben  Versuche  yon  D.  Bernoulli^) y  von  dem  obiger 
Beweis  herruhrt,  Brunnaci^)  nnd  anderen  erwiesen. 

Nach(134a)  miiBte  die  in  der  Zeiteinheifc  ausflieBende  Wassermenge 
Fy2jh  betragen,  sie  ist  aber  geringer,  nur 

(135a)  Q^iiFylgh, 

wobei  der  AusfluBkoeffizient')  fi  also  <  1  ist.  J.  C.Borda*)  hat  diese  Er- 
scheinung  untersucht  nnd  fUr  eine  kreisformige  Bodenoffiiung  in  ddnner 
Wand  (I  -»  0,625  ermittelt.  Noch  kleiner,  namlicb  »  0,514,  zeigte  sich  ^, 

wenn  das  Wasser  zar  Ofinnng  dnrch  einen  nach  innen  ge- 
richteten,  zylindrischen  Stutzen  treten  muBte.  Fur  diesen 
Fall  leitete  Borda  fi  aus  dem  Impulssatz  theoretisch  ab. 
Der  Drack  anf  die  Stutzeninnenmiindung  betragt  bei  einem 
Eigengewicht  y  des  Wassers,  weil  die  Bewegnng  in  der  Drnckrichtung 
erfolgt  und  der  in  Geschwindigkeitshohe  yerwandelte  Teil  der  Druck- 
hohe  selbst  wieder  als  Druckhohe  wirkt, 

yFh. 

Wenn  nun  der  eingeschniirte  Qnerschnitt  fiF  miBt  nnd  aus  ihm  eine 
Menge  fiFV  in  der  Zeiteinheit  ausflieBt,  erhalt  in  der  Zeiteinheit  eine 

vorher  in  Ruhe  befindliche  Masse die  Beschleunigung  V,    Nach 

besagtem  Satz  milBte  daher 

'  9 

sein,  worin  nach  (134a)  F*=  2gh  ist,  so  daB  sofort  der  Wert  fi  —  ^ 
hervorginge,  der  sich  von  der  meBbaren  EinschnQrnng  nicht  weit  ent- 
femt.  Auffallend  war  es  aber,  daB  sich  sowohl  bei  einem  einfachen  Loch 
in  dUnner  Wand  wie  bei  einspringendem  Mundstdck  die  Wassermenge 
noch  kleiner  zeigte,  als  der  yerjtlngte  Strahl  sie  erwarten  lieB;  so  gab 
die  Messung  des  aus  einem  Bodenloch  tretenden  Strahles  eine  EinschnQ- 
rung  yon  0,646  gegeniiber  dem  erwahnten  ft  »  0,625.  Die  Geschwindig- 
keit  konnte  also  nicht  gauz  jene  des  jBemouZZi schen  Theorems  erreichen. 
Hiermit  war  es  klar,  daB  der  Ausflupjcoeffizient  [i  als  Produkt  zweier 
anderer  Eoeffizienten,  des  Kontraktionskoeffieknten  ^  und  des  Geschwin- 
digJceiiskoeffizienten  %  aufgefaBt  werden  kann. 

1)  Hydrodynamica,  Argentorati  1738,  Sect.  18,  §  4,  S.  280. 

2)  Ruhlmann  zitiert  Hydiomechanik,  2.  Aufl.,  S.  684:  Memorie  della  See. 
Italiana  delle  Scienze  17,  Verona  1816. 

8)  Zugammenhang  zwiscben  ii  und  ^  s.  nnten  Gl.  (148). 

4)  PariB,  Mdm.  de  Tacad.  Royale  des  Sciences  1766  (1769),  S.  599. 
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72.  Der  Gtosohwindlgkeitskoefflsient.  Der  Geschwindigkeitskoeffi- 
zient  erklart  sich  wesentlich  durch  die  Reibung^  also  durcb  die  Zahig- 
keit  des  Wassers  und  da  auf  dem  kurzen  Wege,  den  dieses  bei  seinem 
Ausflusse  zuriicklegt,  nicht  viel  Arbeit  verrichtet  wird,  ist  der  Geschwin- 
digkeitskoeffizient  naheza  »  1.  Bei  glattpolierten,  metallenen  Mond- 
stiicken,  bei  welchen  die  Eontraktion  nahezu  yermieden  er- 
scheint,  also  der  Eontraktions-  mit  dem  Ausflufikoeffizienten 
fast  ganz  iibereinstimmt^  haben  Versucbe  yon  MichdoUi, 
Uyielwein,  Weisbach  und  anderen  nachgewiesen,  daS  die 
wirklich  ansflieBende  Wassermenge  96  bis  99  Prozent  der 
theoretischen  betragt.  Insbesondere  fand  Weisbach^)  ftlr  ein  gut  abge- 
rundetes  Mandsttick  yon  1  cm  Lichtweite  fiir 

A -0,02        0,5  3,5  17  103  m 

0,959      0,967      0,975        0,994       0,994 

Neben  der  Reibung  tibt  auch  die  Drucksteigerang  im  Innem  des 
Strahles  eine  Wirkung  aus.  Bei  dem  AnsiluB  aus  einer  Cffnung  in 
dinner  Wand  treten  namlich  die  Wasserf  aden  konyergierend  aus,  so  dafi 
im  Strablinnem  ein  Gegendruck  entsteht,  der  die  Geschwindigkeit  yer- 
kleinert.   Betragt  dieser  Gegendruck  p  (iiber  dem  Atmospharendruck) 

oder  in  FlQssigkeitshobe  gemessen    -  (wobei  y  das  Eigengewicht  der 

Fltissigkeit),  so  erlangt  nach  dem  BemouUischen  Theorem,  also  soweit 
yon  der  Reibung  abgesehen  wird,  ein  Teilcben,  das  bis  zur  Tiefe  h  +  js 
unter  den  Spiegel  sinkt,  bier  die  Geschwindigkeit 


(136) 


v-y2g{h  +  j>-j) 


Am  Umfang,  wo  nur  atmospharischer  Druck  herrscht  oder  p  — >  0  ist, 
hat  daher  in  der  Tiefe  h  +  g  die  Geschwindigkeit  die  GroBe  y2g  {h  +  z), 
wahrend  sie  nach  innen  abnimmt.  Baein^)  hat  die  Geschwindigkeit  mit 
der  PtYo^schen  Rohre  gemessen  und  gefunden,  daB  sie  in  einer  wag- 
rechten  OfiQiuDg  in  deren  Mitte  ihr  Minimum  Vmin  hat.  Das  Nahere  be- 
sagt  nachstehende  Tabelle: 


1        Lage        AbmesBungen 
der  Offnung 

Einschnnrnng 

HOhe   TOn   t7inin 

fiber  dei  Mitte 

Vmia         ' 

wagrecht   O  10  cm  Dmr. 

„          O  10  cm  Dmr. 
i   senkrecht  O  20  cm  Dmr. 

„          D  20/20  cm 
!          „               120/80  cm 

vollfltHndig 

11 
>» 

oben  und  unten 

0,08  cm 
0,02  cm 
0,01  cm 

0,64 
0,64 
0.62 
0,64 
0,69 

1)  Civilingenieur  (2)  6  (1869),  S.  87,  Weishach-Hcrrniann,  S.  968. 

2)  Paris,  M^m.  pr^s.  par  diy.  sav.  32  (1902),  No.  4,  S.  31,  38,  40,  41. 
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Bei  dem  aus  der  wagrechten  runden  Offnung  tretenden  StraU  ver- 
teilten  sich  in  der  Ofihungsflache  die  (im  allgemeinen  geneigten)  Ge- 
schwindigkeiten  wie  folgt,  wenn  r  den  Lochhalbmesser  (von  10  cm), 
a  den  Abstand  yon  der  Mitte  bszeiclinet: 

a\r  =0  0,1         0,2         0,8         0,4        0,6        0,6        0,7        0,8        0,9 

tJ  :  |/2^  =  0,636     0,636     0,645     0,662     0,660    0,670    0,680    0,688    0,703    0,702. 

Scbon  nahe  unterbalb  der  AasfluBoffnung  glichen  sich  die  Geschwin- 
digkeiten  fast  aus  und  stiegen  zugleich  rasch  an,  so  da£  beim  wagrechten 
Rundloch  von  0,2  m  Durchmesser  das  Verhaltnis  v  :  y2gh  in  der  Tiefe 
0,035  m  unter  der  Oflftiungsflache  bereits  0,84  betrug.  In  0,1  oder  0,12  m 
Tiefe  unter  der  Ofifnung  war  das  Minimum  vollig  verschwunden.  Fflr 
die  mittlere  Qeschwindigkeit  V  gilt,  wenn  h  die  Tiefe  der  OShungsmitte 
unter  dem  Spiegel  und  0  den  Hohenabstand  zwischen  der  Ofifnungsmitte 
und  der  betreffenden  Strahlstelle  bezeichnet,  nach  der  oben  gegebenen 
Definition  des  Geschwindigkeitskoeffizienten 

(136  a)  F  «  9  Y2j(h  +  g) . 

Stets  hatte  (p  in  einiger  Entfemuug  von  der  Offnung  ein  Maximum.  Bei 
wagrechter  Offnung  bleibt  dieses  um  einige  Tausendstel  kleiner  als  1, 
wahrend  es  bei  lotrechter  Offnung  je  nach  Druckhohe  h  und  Form  1,03 
oder  1,04  erreichen  kann  und  bei  einem  Kreis  von  20  cm  Durchmesser 
1,011  betragt.  DaB  F>  1  zu  werden  vermag,  ist  nach  Bagin^)  nur  er- 
klarlich,  weil  der  Ansatz  V  =-=  y2g(h  +  z)  gleiche  Geschwindigkeit  aller 
Wasserfaden  im  Querschnitt  voraussetzt,  und  in  Strahlen^  die  ihren 
Querschnitt  stark  andern,  vieUeicht  stellenweise  geringerer  als  Atmo- 
spharendruck  herrscht. 

73.  Die  ESinsohnTirung.  Nach  Austritt  aus  einer  Offnung  in  diinner 
Wand  zieht  sich  der  Strahl  rasch  zusammen,  womit  offenbar  die  Ge- 
schwindigkeit wachsen  mufi.  Da  nun  das  Wasser  wahrend  des  FaUes 
eine  Beschleunigung  erfahrt,  ist  anzunehmen,  daB  die  Geschwindigkeit 
im  Strahl  mit  der  Entfernung  von  der  Offiiung  wachst,  also  der  Quer- 
schnitt, so  lange  der  Strahl  nicht  zerstaubt,  abnimmt.  Dementsprechend 
fanden  JP.  Savart^),  6r.  Magnus^)  und  U.  Masoni*)  bei  kreisrunden 
und  JET.  Bazin^)  bei  kreisrunden  und  recfateckigen  Offiiungen  keinen 
eigentlichen  Eontraktionskoeffizienten  im  Sinne  des  Yerhaltnisses  eines 
Minimalquerschnittes  zur  Ofinungsflache.   U.  Masonij  der  die  Strahlform 

1)  Ebenda  S.  46. 

2)  Ann.  chim.  phjs.  53  (1883),  S.  387,  838. 

3)  Ann.  Phys.  Chem.  (4)  6  (1856),  S.  44. 

4)  Politecnico  43  (1895),  S.  660. 

6)  Paris,  Mem.  pr^s.  par  diy.  sav.  32  (1902),  N.  4,  S.  42,  17. 
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dnrch  Belenchtung  des  Strahles  und  Messung  des  Schattens  bestimmte^ 
fand  sie  nicht  nur  vom  Offiiungshalbmesser,  sondem  auch  ..^^^^^^g-^j.^,—^ 
von  dessen  Verhaltnis  zur  Druckhohe  unabhangig.  Nach  ~^  -~- 
JBcusina  Messung  ist  bei  einem  wagrechten  Loch  yon  0^1  m 
Darchmesser  unter  1  m  Druckhohe  die  Form  die  folgende         -^! 


(wenn  e  die  Tiefe  unter  der  Offnungsflache,  r  den  Oflfhungs- 
halbmesser^  ^  das  Flachenverhaltnis  bezeichnet) 

j?:2r-0,58      0,88       1,38       1,88       2,88       3,88      4,88      5,88 
^«  0,598    0,587     0,575    0,560    0,537     0,519    0,504    0,491 

Auch  bei  verschiedenen  Fldssigkeiten  scheint  die  Eontraktion,  wie  Weis- 
bach^)  durch  Vergleich  derselben  bei  Wasser,  Quecksilber  und  Riibdl 
ermittelte,  ziemlich  gleich  grofi  zu  sein. 

Da  der  Geschwindigkeitskoeffizient  sich  wenig,  der  Eontraktions- 
koef&zient  aber  wesentlich  yon  1  unterscheidet,  kommt  es  beim  Ausflufi 
yomehmlich  auf  letzteren  an,  so  daB  der  Eontraktionskoeffizient  sogar 
manchmal  mit  dem  Ausflufikoeffizienten  identifiziert  wird.  Ersterer  ist 
nun,  wie  schon  Borda  gezeigt  hat,  der  theoretischen  Erforschung  nicht 
unzuganglich.  Hier  soli  nun  noch  eine  Betrachtung  folgen,  die  an  den 
oben  erwahnten  Begriff  der  Reaktion  anknfipft. 

Es  werde  yom  Rande  der  Ausstromungsoffnung  F  aasgehend,  die 
in  der  Tiefe  h  unter  dem  Spiegel  liege,  eine  Flache  F^  gebildet,  welche 
die  Wasserf  aden  senkrecht  schneidet.  Es  werde  femer  yoraus- 
gesetzt,  dafi  die  Strdmungsgeschwindigkeit  bei  dem  Durch-  ), 
gang  durch  die  Flache  F^  liberaU  gleich  grofi  und  zwar  »  t;^  [ 
sei.   Dann  wirkt  zunachst  auf  die  Flache  F^  ein  statischer  ^» 

Druck  und  ebensolcher  Gegendruck  h  —  -^^  dessen  Resultie- 


F 


rende  senkrecht  zur  Randlinienebene,  also  zur  OfiBaung  gerichtet  ist  und 
(bei  einem  Eigengewicht  y) 

betragt.  Da  femer  in  der  Zeiteinheit  die  Menge  —v^  I  dF^  aus  der  Ruhe 

in  Bewegung  gerat,  erfordert  dies  nach  dem  Impulssatz  eine  in  der 
Strahlrichtung  yon  den  Gef afiwanden  ausgeiibte  besondere  Ejrafb 

^v,fidF, .  V,  cos  d)  =  y  ^*  Jcos  S  dF,  =  ^f  F, 

wobei  S  die  Neigung  des  Flachenteiles  dF^  gegen  die  Offnung  bezeichnet; 

1)  Polyt.  Zentralblatt  (1861)  col.  885  and  Ezperimentalkjdraulik,  Freiberg 
1866,  S.  181.     Wetsbach-Herrmann,  S.  1080. 
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also  cos  i  dF^  die  Projektion  Ton  dl^  auf  die  Offiiung  darstellt.  Die 
auf  die  Flache  jF\  driickende  Mittelkraft  und  die  gleich  groSe  aber  ent- 
gegengesetzte  Reaktion  des  yon  F^  abgegrenzten  Eorpers  gegen  die 
6ef  afiwande  hat  daher  die  Grofie 

Diese  Reaktion  mufi  aber  nacb  Bernoulli  =»  2'^yFh  sein.  Daher  gilt 
(137)  2tYFh=^yF[h  +  '^, 

worin,  da  gleiche  Mengen  durch  F  und  ipF  fliefien  (bei  einer  Qeschwin- 
digkeit  v  in  tl^F), 

ist.  In  (137)  eingesetzt  gibt  dies 

2i>yFh  =  yFh  +  ^%^-h    oder    2i>  -  1  +  i>* i\ 
oder 

(137.)  *  _  5;  _  i/ji-r^: . 

Fur  den  nach  innen  gerichteten  Stutzen  erhalt  man  hiernach^  wenn 
man  sich  die  Flache  F^  als  Engelflache  vorstellt,  i^^  —  4-F  und  ^  =  0,51, 

was  noch  besser  mit  der  Erfahrung  stimmt  als  Bordas  0,5. 
FQr  eine  Halbkugel  oder  -Fj  -  2  JP  zeigt  sich  t  ==  0,536, 
also  ein  kleinerer  Wert  als  tatsachlich  kreisformige  Locher 
in  dfinner  Wand  ergeben,  bei  welcher  ^  nahezu  ==  0,6  zu 
nehmen  ist.  Das  lafit  sich  dadurch  erklaren,  dafi  fiUrl^  eine 
W^  flachere  Haube  als  die  Halbkugel  zu  nehmen  gewesen 

"]  /"  ware.  Dem  Wert  t  =-  0,6  entsprache  F^  =  0,556  F^*  oder 
-Fi «  1,34  Fy  also  eine  Kugelhaube,  deren  Hohe  =  0,507 
des  dffiiungshalbmessers  ist.    Besondere  Genauigkeit  sei 


iibrigens  dieser  Berechnungsweise  nicht  zugesprochen,  die 
nur  zur  Erlauterung  des  mechanischen  Vorganges  hier  gegeben  wurde.^) 
Far  einen  unendlich  langen  Bodenspalt,  fiir  den  das  Problem  zu 
einem  ebenen  wird,  und  Ausflufi  unter  Wasser  gibt  die  theoretische 
Hydromechanik  fflr  Tollkommene  FltLssigkeiten  den  Vorgang  an,  der 
freilich  infolge  der  unvermeidlichen  Wirbel  vom  wirklichen  stark  ab- 

1)  Die  willkurlichen  AnfstellaDgen  J.  Hermaneks,  Wien,  Sitzxingsberichte  112"* 
(1908),  S.  879,  lassen  eine  solche  £rla.uteruDg  besonders  angebracht  erscheinen. 
Der  Behauptung  des  Genannten,  daft  der  von  ihm  errechnete  Eoef&zient  von 
0,667  far  eine  kreisformige  Offnung  der  Erfahrung  entspreche,  mufi  ebenfalls 
entgegengetreten  werden;  durcfaschnittlich  ist  i^  etwa  0,62. 
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weichen  dQrfte.  Die  Stromungslinien  waren  nach  ihr  Hyperbelii;  die  die 
Randpunkte  des  Spaltes  zu  Brennpunkten  hatten;  so  dafi  die  Wasser- 
faden  sich  immer  mehr  aasbreiten  wQrden.  Mufi  aber  aus  irgend  einer 
Ursache  das  Wasser  der  Tiefe  (dem  negativ  Unend- 
lichen)  zustreben^  so  ziebt  sich  der  Strahl  nach  unten 
etwas  zusammeiL  Langs  seiner  beiden  Oberflachen  mofi 
dabei  der  Aafiendruck  und  daher  auch  der  Innendruck 
entsprechend  der  Tiefenlage  zunehmen^  darf  sich  also 
zufolge  des  JB^mouQischen  Theorems  die  Geschwindigkeit  nicht  andem.^) 
Die  Erscheinnng  wird  dann  der  Ausstromung  einer  zahen  FlUssigkeit  in 
freie  Lufb  sehr  ahneln^  bei  welcher  Ausstromung  allerdings  das  Quadrat 
der  Oberflachengeschwindigkeit  wie  die  Tiefe  unter  dem  GefaBspiegel 
zunimmt.  In  der  Darstellung  als  komplexe  Funktion  (Gl.  10  c)  lost,  wie 
G.  Kirchoff^  nachwies,  fiir  Z  =-  *  +  i  ^  die  Gleichung 

(138)         x  +  iy^l  —  c-^±y^«^-  1  T  arctangj/g-*^- 1 

das  Problem,  oder  bei  anderer  Schreibweise  von  arctang  i^/l  —  c~*^ 

(138  a)         x  +  iy^l--e'^±  Ve'^^'^i  T  \  lognat  ^-+ J^-^l!' , 

wozu  noch  %  addierbar  ist,  da  Bogen,  die  sich  um  n  unterscheiden,  die- 
selbe  Tangente  haben.  Da  nach  (138)  die  Grofie  x  -\-  iy  eine  Funktion 
von  Z  «-  (P  +  i  ^  ist,  muB  auch  Z  eine  Funktion  von  x  +  iy  sein  und 
liefem  die  Ansatze  O  »  konst.  sowie  W  —>  konst.  Potential-  und  Stro- 
mungslinien. Speziell  fiir  9^* »  0  geht  (138  a)  in 

a;  +  ty  -  1  -  c-*^  +  %Vl-e-^^  -  4-  lognat ^-+^1^-^^!- 

oder,  v^eil  je  die  reeUen  Teile  und  die  imaginaren  Teile  links  und  rechts 
gleich  sein  m^sen,  in 

1         i  +  yi_e-*^ 


(138  b) 


y-yi-e-**^- -^lognat 


2         ®  ^  lA"      .-2<|i 


-]/l"-c-' 


fiber.  Die  Geschwindigkeit  erhalt  man  nach  (10  g),  indem  man  den 
Modul  des  Dififerentialquotienten  -,  ^r^  aufsucht.  Die  Differentiation 
von  (138)  liefert 


1)  Diese  AaffaBBung  stammt  von  H,  von  Helmholtz,  Berlin,  Monatsberichte  der 
Akademie  1868^  der  den  Bordaichen  Strahl  behandelte. 

8)  (?.  Kirchoff^  Yorlesnngen  tiber  mathemaiisclie  Phjaik,  1.  Mechanik  z.  B. 
8.  Aiifl.,  Leipzig  1883,  S.  297. 
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und  der  Modul  dieser  Eomplezen  oder  die  Quadratsumme  des  reellen 
und  des  mit  i  multiplizierten  Teiles  ist  fQr  ^  «  0  oder  Z  »  <Z> 

also  konstant,  wonach  langs  des  Stromfadens  (138  b)  die  Geschwindig- 
keit  sich  nicht  andert,  dieser  also  eine  freie  Grenze  bildet.  Ahnlich  er- 
halt  man  aus  (138a)  fflr  ^=  jr  (also  e-'V'^  -  1,  e-«'^-  1)  als  zweite 

Grenze 

(x^l+e-'^  +  x,  

(i3« ^)       L  -  vi:=^^<^ - 1  lognat L±yi:z^, . 

Die  beiden  symmetrisch  gestalteten  Strahlgrenzen  beginnen  an  den 
Punkten,  an  denen  (P  «=  0  und  a?  —  0  bzw.  =  2  +  sr  ist.  Fflr  y  —  —  oo 
oder  <f  =  cx)  zeigt  sich  andrerseits  a:  —  1  bzw.  =  1  +  ;r.  Der  mit  der 
Breite  2  +  x  beginnende  Strahl  zieht  sich  also  bis  ins  Unendliche  auf 
X  zusammen,  wonach  die  EinschnOrnng 

'  0,611 


betragt,  was  mit  der  Erfahrung  im  Einklange  erscheint.^) 

74.   Der  AnafluAkoefflzient   bei  YoUkommener  Einsohiitirang. 

Fdr  die  Aufgaben  der  Technik  ist  besonders  die  AnsflnBmenge  Ton  Be- 

lang.   Sie  wurde  bereits  yon  Mariotte^)  bestimmt,  dessen 

schon  erwahnter  Wasserzoll  den  Ausflufi  ans  einer  kreis- 

i  runden   Offnung   von    1    Pariser  ZoU   (2,71  cm)   Durch- 

-*i  L.  messer  in  lotrechter  ddnner  Wand  unter  einer  Druckhohe 

Yon  7  Linien  (1,58  cm)  Hber  der  Kreismitte  nach  seinen 

Messungen  0,00022  m'sec"*«"  19,2  m'  in  24  Stunden  bedeutete.   Ver- 

1)  Literatur  uber  anderweitige  Strahlformen  siehe  A.  E,  H.  Loot  in  Enzy- 
klop&die  d.  xoatfa.  Wissensch.,  4.  Bd.  Mechanik,  8.  Teilbd.  16,  S.  99 f. 

2)  Traits  dn  Mouvement  des  eaux,  Paris  1686,  Teil  8,  Qespr&ch  1.  Die 
BenutzuDg  des  Wasser-  oder  BrunnenzoUes  selbst  ist  Tiel  &lter,  findet  sich  anch 
in  dei  T^kei  and  dCLrfte  morgenl9.ndiBchen  Ursprunges  sein;  Tgl.  i%.  Forctiheimar 
n.  /.  Streygowski,  Die  bjzantinischen  Wasserbeh&Itei  yon  Eonstantinopel,  Wien 
1898,  S.  29  f.  Den  preofiischen  Wasserzoll  bestimmte  G.  Hckgen,  Handb.  d.  Wasser- 
baukunst,  8.  Aofl.  1869,  1,  S.  219.  —  Ausflufi  durch  ein  Quadrat  von  1  ZoU  engl. 
(Miner's  inch)  und  durch  niedrige  Spalten  unter  kleinem  Druck:  H,  T,  Bovey^ 
Treatise  on  Hydraulics,  2.  Aufl.,  New-Tork  1904,  8.  44;  M,  Merriman,  8.  Aufl.^ 
New- York,  S.  122. 
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schiedenartige  Messnngen  machten  B,  A,  MichdoUi,  Ch,  Bossut,  H:  Buff 

nnd  J.  Weisbach.    Letzterer^)  fand  den  Ausflufikoeffizienten^)  ft  der 

Formel 

(139)  Q^(ixr^y2^, 

in  der  Q  den  Ausflufi  in  m'sec"^,  r  den  Halbmesser  in  m,  h  die  Hohe 
dee  Spiegels  fiber  der  Offnungsmitte  in  m  bedeutet,  fQr  einen 

Durchmesser  von  1  2  3  4  cm 

bei  0,6  m  Dnickhohe      0,628      0,621      0,614      0,607 
„   0,25         „  0,637      0,629      0,622     0,614. 

Bei  sehr  kleinen  MQndangen  nnd  geringen  Druckhohen  ist  nach 
J,  Hachette  *)  und  H,  Buff  *)  ft  betrachtlich  groBer  als  bei  mittleren 
MiLndnngen  nnd  Geschwindigkeiten  (z.  B.  0,69  bei  0,47  cm  Weite  nnd 
4  cm  Dnickhohe),  was  nm  so  auffallender  ist,  als  die  Oberflachen- 
spannnng  des  Strahles  in  ihm  einen  Gegendrack  hervormfen  muB,  der 
den  AusflnB  vermindert.  Hachetie  ist  daher  der  Ansicht,  daB  bei  Dnrch- 
messem  unter  etwa  1  cm  die  Wandbohrung  bereits  als  Mundstdck  wirke. 
Der  Bauweise  der  Formel  (139)  liegt  der  Gedanke  zugrunde,  daB 
man  bei  kleinen  Offnnngen  die  Drnckhohe  als  iiberall  gleich  groB  be- 
trachten  darf.  Bei  vergleichsweise  groBer  Ofihung  ist  es  aber  richtiger, 
behufs  zntreffender  Beurteilnng  von  ii  den  Wechsel  der  Dnickhohe  yon 
Streifen  zn  Streifen  zn  beriicksichtigen  und  daher,  weil  ein  Streifen 


yon  der  Tiefenlage  h  —  e  die  Breite  2)/r^—  0^  besitzt, 

r 

(139 a)      Q-Hi  J  2 y2^h~-~e) y?^^ dz 


I 


T 


X— ^ 


—  r 


zn  setzen.  Die  Ausrechnnng  yon  (139  a)  ergibt^) 
(139b)     ^  =  ^,(l-lr;-jA_  ;_:  +  .. .)«r«>/2^. 

Auf  f(|  bezieht  sich  eine  ZusammensteUung  yon  Hamilton  Smith  jr.  ^\ 
die  anf  den  Versuchen  der  schon  genannten  Forscher,  sowie  solchen  yon 
T.  G.  Ellis'^  und  Smith  selber  fuBt. 

1)  Lehrbnch  1,  Braunschweig  (1845),  S.  405. 

2)  Bezfiglich  des  Zasammenhaiiges  des  Ansflufikoeffizienten  il  mit  den  Wider- 
standskoeffizienten  t  siehe  unten  §  77,  S.  273. 

3)  Ann.  chim.  phys.  3  (1816),  S.  80. 

4)  Ann.  Phys.  Chem.  (2)  16  (1839),  S.  240. 

6)  Ygl.  z.  B.   U.  Masoni,  Idraulica,  2.  ed.  Napoli  1900,  S.  167,  8.  ed.  S.,244. 

6)  Hydraulics,  London— New- York  1886,  S.  59,  22. 

7)  Am.  See.  Civ.  Eng.  Trans.  6  (1876),  S.  68,  73  f. 
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IX.  AusfluB  duich  OfiPnungen 


H,  Smiths  AusfluBkoeffizienten. 
1000  ^j  fiir  kreisrunde  Offnnng  in  lotrechier  dilnner  Wand,  Ausflufi  in  Luffc. 


H6h( 

1 

engl. 

i  h 
cm 

0,02 

OffnnngsdurchmesBer  in  englischen  Fafien  und  cm            ; 

1 

0,03 '  0,04 1 0,05 

1 

0,07 

0,10  0,12  0,16 

1    ' 

0,20 '  0,40  0,60 

1         1 

0,80 

1 

l.OOj 

£u6 

0,6     0,9  ^  1,2  ,  1,6 

2,1 

8,0  I  8,7     4,6     6,1  '  12,2  18,8  '  24,4 

30,6 

0,4 

12 

1  687    631 

624 

618 

612 

606  1 

1 

0,5 

16 

643  :  638    627 

621    615 

<>10 

606    600 

596 

692 

0,6 

18 

665 

640 '630    624 

618    618 

609 

606  !  601 

596 

693 

690 

0,7 

21 

661 

687    628 '622 

616  1  611 

607 

604  ;  601 

697 

594 

591 

690 

0,8 

24 

648 

684  '  626    820 

615  ,  610 

606 

608  '  601 

697 

694 

692 

691 

0,9 

27 

646 

632    624  1618 

618    609 

605 

603    601 

698 

696 

598 

691 

1 

30 

644 

631    628*617 

612    608 

606 

608  I  600 

598 

595 

693 

691 

1,2 

87 

641 

628    620  1616 

610  '  606 

604 

602    600 

598 

596 

694 

692 

1,4 

42 

688 

625    618    613 

609  :  605 

603 

601 

600 

699 

596 

694 

693' 

1,6 

49 

636    624  :  617    612 

608    605 

602 

601 

600 

599 

597  1  695 

694 

1,8 

66 

634    622  ,  616    611 

607  !  604 

602 

601  I  699 

699  1  597  1  596 

595 

2,0 

61 

632  1  621  ,  614  '  610 

607    604 

601 

600    599 

599  I  597 

696 

596 

2,6 

76 

629  ,  619  '  612    608 

605  '  603 

601 

600    599 

699    598 

697 

596' 

8 

91 

627  1617    611    606 

604 

608 

601 

600    599 

599 

698 

597 

697' 

;       8,6 

107 

626    616    610    606 

604    602 

601 

600    699 

599 

598 

697 

69G 

4 

122 

623    614    609    606  '  603    602 

600 

699 

599 

598 

697 

597 

596' 

5 

152 

,  621  i  618    608    605    608    601 

699 

699    698 

598 

597 

596 

596' 

6 

188 

618    611    607    604    602*600 

599 

599  '  698 

598 

697 

696 

696 

7 

213 

616    609    606  >  603    601    600 

599 

599  1  698 

698 

697 

696 

596' 

8 

244 

614 

608    606    608    601    600 

599 

598    598 

597    596 

596 

696 

i       ^ 

274 

618 

607    604    602  '  600  ,  599 

699 

598 

597 

697 

696 

596 

596 

'     10 

806 

611 

606    608  1  601 

599  '  698 

698 

697 

697 

697 

596 

696 

696 

1     20 

610 

601 

600    599 '598    597    596 

1 

596 

696 

596 

696 

696 

696 

] 

694! 

Zur  Umrechnung  von  ft,  in  fi  gibt  S.  SmUh  nachstehende  Tabelle: 
h:r  ~      1  1,2         1,4         1,6         1,8         2,0         2,2        2,6 

/t :  ft,  -  0,9604  0,9753  0,9823  0,9867  0,9897  0,9918  0,9933  0,9953 

h:r  -    3,0         3,4         3,8         4,2  5  6  9         20 

ft :  lit,  =  0,9965  0,9973  0,9978  0,9982  0,9987  0,9991  0,9996     1,0. 

V.  Dwdshauvar-Dery^)  fand  bei  einer  Offnung  von  2  cm  Durch- 
messer  in  lotrechter  Wand  folgende  Werte  fur  die  Orofien  der  Formel  (139) 
R  —  (iy2gh  •  nr*  mit  h  in  cm  und  Q  in  m'/Stonde 


h 

4 

6 

8 

10 

12 

14 

16 

v- 

0,6472 

0,6445 

0,6423 

0,6403 

0,6384 

0,6367 

0,6350 

Q 

0,5738 

0,7383 

0,8709 

0,9846 

1,0854 

1,1769 

1,2610 

h 

18 

20 

22 

24 

26 

28 

29 

^ 

0,6335 

0,6821 

0,6307 

0,6295 

0,6285 

0,6277 

0,6273 

Q 

1,3392 

1,4127 

1,4821 

1,5481 

1,6114 

1,6725 

1,7021 . 

1)  Technologie  sanitaire  1  (1895/6),  S.  246,  nach  R^vne  univera.  des  mines  1896. 
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Bei  einer  Ausstromung  aus  einer  engen  Offiiimg  ist  die  Gberfldchen- 
spannung  yon  Belang,  indem  sie  einen  Gegendruck  erzeugt.  Nach  P.  Volk- 
mann^)  betragt  sie  ftir  Wasser  von 

0«  W  20<>  30°  40«     0 

0,0769    0,0755    0,0740    0,0725    0,0709  gcm-^ 

In  der  Oberflache  des  Ausflufistrables  yon  r  cm  Halbmesser  berrscht 
demnacb  bei  10^  G  pro  cm  Strabllange  eine  Tangentialkraft  yon  0,0755^, 
welcbe  eine  Pressung  yon  0,0755 :  r  heryorruft.  Ist  z.  B.  die  Offnung 
0,5  cm  weit  oder  bat  der  eingescbnUrte  Strabl  einen  Halbmesser 
r  —  0,15  cm,  so  entstebt  ein  Druck  yon  0,0755  :  0,15  =  0,5  g  cm"^,  so 
dafi  in  der  Ausflnfiformel  statt  der  Druckbobe  h  (in  m)  eigentlicb  eine 
Dmckbobe  h  —  0,005  einzusetzen  ware.  Auf  dem  Einflufi  der  Ober- 
flacbenspannnng  bembt  ein  btibscbes  Experiment  yon  Isam^,  bei  wel- 
cbem  man  in  der  Strablnabe  Atber  yerdampfen  lafit,  wodurcb  die  Strabl- 
oberflacbe  sofort  Atber  aufnimmt,  die  Oberflacbenspannung  stark  ab- 
nimmt  und  der  Ausflufi  merklicb  wacbst,  falls  man  die  Dmckbobe  nicbt 
zu  grofi  wablte. 

Beiindet  sicb  eine  reckkckige  Offnung  in  einer  lotrechten,  diinnen 
Wand,  liegt  die  Oberkante  in  der  Tiefe  h^,  die  Unterkante  in  der  Tiefe  h^ 
onter  dem  Spiegel  und  betragt  die  Offnungsbreite  b,  so  bat  die  Ofihnng 

die  Flacbe  b{h^  —  h^)  und  die  mittlere  Tiefenlage    ^^      und  kann  der 

AusfluB 


(140)  C-^iK/^,-/ii)V2(7^-+A 

gesetzt  werden,  wobei  die  Hobenunterscbiede  h^  und  A,  yon  Spiegei- 

punkten  aus  zu  messen  seien,  die  genug  weit  yon  der  Offnung  liegen, 

um  keine  Senkung  zu  erfabren.  Fiir  solcbe  Offnungen 

liegen  insbesondere  Versucbe  yon  J.  V.  Ponceld  und      ^=i--^— ^^- 

J*.  A,  Leshros  yor,   die   nacb  Poncdeta  Ableben  der  ♦*     ^i 

letztere  fortsetzte.')   Die  Ergebnisse  sind  nacbstebend 

zusammengestellt. 


L 


1)  Ann.  Phyg.  Chem.  N.  P.  66  (1896),  S.  467.  Weitere  Daten  und  Literatur: 
F.  Pockds  in  A.  Winkelmanns  Handbnch  der  Physik  1,  2.  Aufl.,  Leipzig  1908, 
S.  1166. 

2)  Journal  de  physique  4  (1876),  3.  167. 

8)  Paris,  M^m.  pr^s.  par  div.  sav.  8  (1832),  S.  469,  470,  476;  13  (1862), 
S.  442,  462. 

Forchheimer:  Hydraalik  17 
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IX.  AnsfluB  dnrch  Offnungen 


Tal 

»elle  d 

er  Werte  von 

^1  in 

Forme 

1  (140). 

!  H5he  h 

Schftrfe  Kanten 

scharfe 
Kanten 

Brett      i 
5cmDicke 

1 

Tafel  26—30  Leshros 

u.  12  Poncelet  u 

.  Leshros,  82  u.  83  Leshros    \ 

fiber 
oberen 

Breite  der  Ofihnng  ist  » 

=  20  cm 

=  60  cm 

,   Band 

H5he  der  Offnung 

in  cm 

cm 

1 

2 

3 

6 

10 

20 



2 

20        1 

i         1 

0,702 

0,660 

1   0,684 

0,607 

0,644 

2 

0,696 

0,660 

,    0,689 

0,616 

0,696 

0,672 

0,648 

S 

0,689 

0,669 

1   0,640 

0,620 

0,600 

0,578 

0,642 

0,698     ' 

4 

0,684 

0,659 

0,640 

0,628 

0,603 

0,582 

0,642 

0,696      i 

5 

0,680 

0,658 

0,640 

0,625 

0,606 

0,585 

0,641 

0,697 

1          ^ 

0,677 

0,667 

0,689 

0,626 

0,607 

0,587 

0,641 

0,699 

7 

0,674 

0,667 

0,688 

0,627 

0,609 

0,583 

0,640 

0,600 

8 

0,671 

0,666 

0,688 

0,628 

0,610 

0,589 

0,640 

0,601      i 

9 

0,669 

0,666 

0,687 

0,629 

0,610 

0,591 

0,689 

0,601 

10 

0,667 

0,665 

0,687 

0,630 

0,611 

0,592 

0.689 

0,602 

!        20 

0,666 

0,649 

0,684 

0,681 

0,615 

0,698 

0,685 

0,606      , 

1        30 

0,660 

0,645 

0,682 

0,680 

0,616 

0,600 

0,633 

0,607      ' 

40 

0,646 

0,642 

0,631 

0,629 

0,617 

0,602 

0,681 

0,607      1 

60 

0,643 

0,640 

0,681 

0,628 

0,617 

0,608 

0,980 

0,607 

60 

0,641    ' 

0,688 

0,630 

0^627 

0,617 

0,604 

0,629 

0,607      i 

1        70 

0,638 

0,637 

0,629 

0,627 

0,616 

0,604 

0,628 

0,607      ' 

80 

0,685    1 

0,686 

0,628 

0,626    1 

0,616 

0,606 

0,628 

0,606      ' 

i        90 

0,682    1 

0,684 

0,627 

0,626 

0,615 

0,605 

0,627 

0,606      , 

1      100 

0,629    I 

0,682 

0,627 

0,626    i 

0,616 

0,606 

0,626 

0,606 

160 

0,617 

0,620 

0,621 

0,619    1 

0,611 

0,602 

0,628    ; 

0,602      , 

200 

0,613 

0,618 

0,618 

0,613    1 

0,607 

0,601 

0,620      1 

0,602      ' 

800 

0,609 

0,608 

0,607 

0,606    , 

0,608 

0,601 

0,616      1 

0,601      1 

Hamilton  Smith  jr})  gibt  auch,  wesentlich  auf  Grund  eigener  Ver- 
suche  und  solcher  von  T,  G.  Ellis  eine  Zahlentafel  der  Werte  von  (i^ 
in  der  Formel 

(141)  Q-t^AbV2j(S'-K')' 


8 


In  ihr  bedeutet  Q  den  AusfluB^  b  die  Cffnnngsbreite;  \  die  Hohe  des 
Spiegels  ilber  der  oberen,  h^  die  fiber  der  unteren  Recfateckskante,  wobei 
Spiegelteile  zu  nehmen  sind,  die  von  der  Offnnng  nicht  beeinflofit  er- 
scheinen.  Die  Formel  ergibt  sich  ohne  weiteres  durch  Zerlegung  der 
Ofinung  in  wagrechte  Streifen  und  Integration  des  Ausflusses  der  Streifen^ 
also  aus  , 

(141a)  Q^yi,hfy~2gzdz, 

h 

worin  0  die  Tiefe  unter  dem  Spiegel.  Smiths  Tabelle  bezieht  sich  speziell 


1)  Hydraulics,  London -New-York  1886,  S.  68,  21. 
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aaf  quadratische  Offnuugen,  also  auf  den  Fall;  dafi  h^h^^h^  ist,  and 
J-  (Aj  +  Aj)  bedeutet  in  ihr  also  die  Druckhohe  tiber  der  Oflfnungsmitte. 


1000  /i,  fOr  quadrat.  Off 

Qungen  in 

lotrechter,  dfinner  Wand,  AuafluB 

in  Luft. 

HOhe 

1 

'           Seitenl&nge  in  engl.  Fafien  and  cm          \ 

0,02  0,03,  0,04  0,05 

0,07|  0,10'  0,12 

0,15'  0,20 

0,40 

0,60  0,80,  1,00| 

1  Fnfi 

1 

;o,6 

0,9  ;  1,2  1  1,6 

}^ 

3,0  3,7 

4,6  [  6,1 

12,2,  18,3 

24,4 



80,5j 

0,4 

12 

1 

—  I  643 

637 

628  621 

616 

611  —   ■-  1  — 

,  ^'^ 

15 

1  

648  '  639 

633 

625  019 

614  610  605 

601 

697 

— 

— 

0,6 

18 

660 

645  636 

630 

623  1  617 

618 

610  1  606 

601 

598 

596  — 

''      0,7 

21  1 

666 

642  633 

628 

621  ,  616 

612 

609  606 

602 

599 

598  I  596 

I   0,8 

24  1 

652 

639  !  681 

625 

620  615 

611 

608  1  605 

602 

600 

598  1  597 

1   0,9 

27  1 

660 

637  '  629 

623 

619  614 

610 

608  1  605 

603 

601 

599  5981 

,   1 

80 

'648 

636  628 

622 

618  1  613 

610  608  605 

603 

601 

600  1  599  1 

.   1,2 

37  1 

<644 

633  1  625 

620 

616  611 

609  607  i  605 

604 

602 

601  >  600 

'   1,4 

42  1 

'642 

630  1  623 

618 

614  1  610 

608  606  605 

604 

602 

601  1  601 

1,6 

49  , 

'640 

628  !  621 

617 

613  ,  609 

607  606  1605 

606 

603 

602  1  601 

■   1,8 

66 

'638 

627  620 

616 

612 

609 

607  606  605 

606 

603 

602 

6021 

1   2 

61  , 

'637 

626  !  619 

615 

612 

608 

606  606 

606 

606  1  604 

602 

602  1 

2,6 

76  ; 

644 

624  617 

613 

610 

607 

606  606  605 

605  604 

603 

602  1 

3 

«1  \ 

632 

622 

616 

612 

609 

607 

606  606 

605 

606  604 

608 

6031 

3,6 

107  , 

1630 

621  1  615 

611 

609  1  607 

606  606 

606 

605  604 

608 

6021 

4 

122 

628 

619  1  614 

610 

608  606 

606  1  605 

605 

605  ,  603  1  603 

602  1 

6 

152 

626 

617  !  613 

610 

607 

606 

605  606 

604  604  1603 

602 

602 

.   6 

183 

623 

616 

612 

609 

607 

605 

606  605 

604:604  603 

602 

602  i 

:  7 

213 

621 

616 

611 

608 

607 

605 

605  604 

604 

604  i  603 

602 

602 

8 

244 

619 

613 

610 

608 

606  '  605 

604  604  1  604 

603 

603  602 

602! 

9 

274 

618 

612 

609 

607 

606  1  604  604  |  604  i  603 

603 

602  602 

601 ! 

10 

306 

616 

611 

608 

606 

605  604  604  603  603 

603 

602  602  601  1 

1  20 

610 

606 

605 

604 

603 

602  i  602  602  ;  602  i  602  i  601  601  !  601  |  600 

Fur  Offnungen^  die  weder  rechteckig  noch  kreisrnnd  sind,  fehlt  es 
an  Erfahnmgswerten.  Ohne  Einscbniirang  und  Reibnng  ware  der  Aus- 
flnB  aus  einer  Oflfhung  von  der  Flache  f  bei  beliebig  geneigter  Wand 


worin  e  die  Tiefenlage  unter  dem  Spiegel  bedeutet  und  das  Integral  iiber 
die  ganze  Flache  zu  erstreeken  ist.  Wie  grofi  nun  ii  im  Ausdruck  fur 
den  wirklichen  Ausflufi 

(142)  Q^(ify2gzdf 

isty  kann  nur  geschatzt  werden.  —  Ist  die  Offhung  polygonal,  so  kann 
man  zum  Zwecke  der  BerechnuDg  des  Integrales  die  Offhung  aus  posi- 


tiven  und  negatiyen  Trapezen  zusammensetzen,  die  bis 
zum  Spiegel  reichen  und  deren  Parallelseiten  senk- 
recht  auf  der  SpiegeUinie  stehen.  Ffir  einen  zu  dieser 
Linie  senkrechten  Wandstreifen  von  der  Breite  db,  der 
Tom  Spiegel  bis  zur  Tiefe  a  hinabreicht^  ist  der  Ausflufi 


SpiegeBitne 


n* 


IX.  AubAuB  durch  O&tmgeii 


\bjy2gz 


-if^V^ff^''- 


iroriu  a  die  Wandneigong  bezeichnet. 

Ein  bis  zum  Spinel  reichendes  Trapez  tod  der  wa^echten  Trapez- 
hobe  b  und  den  Ecktiefen  e^  und  e^  liefert  daher 


/ 


/2       1/20    „      6,,       , 

.»-„K:??.4...,..-i_\-_*„!^i„ 


\3  '^  eina 


BeiBpiel.    Bei  einem  Oreieck  mit  dea  Eckpnnkttiefen  z, ,  z, ,  z,  nnd  den 

Streifeubreiten  6,,,  t,,,  &„  ist  daher  der  Ansfinit 

worin  nach  dei  Figm  b„  ftle  uegattT  eh  betrachteu  ist. 

Der  AusfluB  ist  voa  der  Temperatur  nicht  unabbangig,  docb  stebt 
detZusammenbang  nocb  nicbt  feet,  denn  nacb  B.  F.  Isherwood')  wQrde 
;*  betracbUicb  mit  det Temperatur wachBeD,'wabretid  nach  W.CUnmn*) 
fi  bei  Bcbarfem  Rand  nicbt  merklicb  von  ibr  abbangt  und  bei  abgenm- 
deter  Ofinung  zwiscben  16"  imd  90"  G  nnr  um  i\  zunimmt. 

J.  Weisbach^)  und  H.Smith*)  haben  ancb  eisige  Versuche  mit  Queck- 
silber  und  01  Tot^enommen.  Bei  AnsfluB  tod  Quecksilber  aus  kreis- 
fonniger  Ofiiinng  in  lotrecbter  dilnner  Wand  ist  nacb  Smith  bei  25  cm 
Druckhobe  fi  =  0,61  und  nimmt  dann  —  atmlicb  wie  bei  Waaser  —  bei 
wacbsender  DruckhShe  ab,  am  sich  asymptotiscb  dem  Wert  0,58  oder 
0,59  zu  nabern.  Schmierdl  zeigt  ein  riel  groBeres  fi  von  ungefabr  0,73. 
Zahigkeit  Terringert  alao  nicbt  immer,  wie  man  vielleicbt  glaaben  sollte, 
die  AusfluBmenge,  sondem  vergrdfiert  sie  nnter  Umstanden. 

1)  Joum.  of  the  Franklin  Inetit  (S)  76  (1878),  S.  33S. 

2)  Phil.  Mag.  (6)  6  (1878),  S.  281  f. 

3)  UnterBuchaiigeD  a.d.Gebiete  d.MechHiikn.  Hydranlik,  Leipzig  1848,8.80. 
i)  Hydraulics,  1888,  S.  62.    Ober  Weingeiat  Tgl.  B.  Buff,  Anm.  S.  S67. 
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tJber  den  Ergufi  einer  Flilssigkeit  in  eine  andere  liegen  noch  keine 
Untersuchungen  Tor. 

75.  AnBfLufikoelfiBient  bei  anvoUkommener  Einsohnurung.    Je 

mehr  man  die  Einschnfirang  durch  Fahrangswande  im  GefaSe  yerhin- 
dert,  desio  mehr  steigert  man  den  AusfluB.  Dies  zeigte  zunachst  6r.  Bi- 
done^)y  der  das  Yerhaltnis  des  Ansflufikoeffizienten  fi^  bei  teilweiser  Ein- 
schnfirang zu  dem,  fiy  der  vollstandigen  Einschniirnng 

setzte,  worin  s  die  eingefafite  Lange^  S  den  ganzen  Offnungsumfang  be- 
zeicfanet.  Anch  J,  Weisbach^)  machte  einschlagige  Yersuche^  und  es 
fanden:  Bidone  fiir  Ereise  x  »  0;128,  fiir  kleine  Quadrate  x  »»  0;152, 
Weisbach  fUr  kleine  Rechtecke  x»  0,134^  fQr  Rechtecke  von  20  cm 
Breite  und  10  cm  Hohe  x  «  0,157. 

Bei  seinen  viereckigen  Offiiungen  anderte  J.  A.  Lesbros^)  nament- 

lich  in  Hinblick  auf  praktische  Zwecke  den  Ausflu£  durcb  Einbauten 

im  InnerU;  sowie  durch  Anftigung  yon  MuudstUcken  und  Leitgerinnen 

an  die  Aufienseite,  so  dafi  er  etwa  30  Mtlndungsformen  erhielt.    Die 

Anderungen,  welche  seitdem  in  der  Bauweise  und  den  Abmessungen  yon 

Eraftanlagen  eingetreten  sind,  wiirden  den  Wert  der  Zes6ro5 schen  Yer- 

suche  sehr  yermindem,  wenn  man  nicht  annehmen  diirfte,  daB  bei  ahn- 

licher  YergroBerung  oiler  Abmessungen  (also  auch  der  Wandstarken, 

soweit  sie  auf  den  Wasseraustritt  wirken)  der  AbfiuBkoeffizient  unge- 

andert  bleibt.  So  fand  Graeff^)  fur  yerschiedene  Stellungen  einer  eisemen 

Schiitze  in  der  Sperrmauer  des  Furens  die  AbfluBziffer  unabhangig  yon 

der  Pressung.   Bedenklicher  ist  es,  daB  Hamilton  Smith  jr})  bei  scharf- 

randigen  Rechtecken  Abweichungen  bis  zu  4  y.  H.  yon  Lesbros  erhielt. 

Nunmehr  folge  eine  Zusammenstellung^)  der  wichtigsten  Lesbrosschen 

Ergebnisse.  In  ihr  bezeichnet 

A  eine  gew5hnliche  scharfkantige  M^dung  ohne  alle  Einfassung:  die 

Zuscharfung  ist  derart,  daB  sich  die  Offnuiig  nach  auBen  erweitert 

und  der  Strahl  sich  schon  an  der  Innenseite  loslost; 

B  eine  solche  Miindung  A  innen  an  einer  Seite  mit  einer  lotrechten 

Wand  bekleidet;  welche  2  cm  yon  der  einen  Seitenkante  der  MUn- 

dung  absteht  und  rechtwinklig  zur  Miindungsebene  gerichtet  ist; 

1)  Torino,  Memorie  27  (1823),  S.  88  f.;  40  (1838)  S.  13  f.,  Fonnel:  S.  38. 

2)  Lehrbnch  1,  S.  414  nach  „Der  Ingenieur"  Bd.  2.  Weisbach- Herrmann,  S.  987. 

3)  Paris,  M^m.  pr^s.  par  div.  sav.  13  (1862). 

4)  Graeff,  Traits  d'liydraalique,  1883. 
6)  HydranlicB,  S.  56. 

6)  Auch  in  Weisbach- Herrmann,  1,  S.994f.,  woselbst  aber  Spalte  G  unrichtig. 
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B 

fe 

C  die  Milnduiig  A  auf  jeder  Seite  mit  einer  solchen  Wand  eingefaBt; 

D  die  Miindung  A  innen  beidseitig  mit  lotrechten  Wanden  eingefaBt, 
welche  nnter  einem  rechten  Winkel  gegeneinander  laufen  und  hier- 
bei  nnter  einem  Winkel  yon  45^  imd  zwar  im  Abstande  yon  2  cm 
yon  den  Seitenkanten  der  Miindung  an  deren  Ebene  stoBen; 

JB  die  Miindung  A  mit  einer 
wagrechten  Wand,  wel- 
che das  AusfluBgefaB 
quer  durchsetzt  und  ge- 
nau  bis  an  die  untere 
Mtlndungskante  reicht; 

F  die  MUndung  B\ 

G  die  Miindung  C  und 

H  die  Miindung  D  mit  einer  wagrechten  Wand  wie  in  Ey  welche  die 
Einschniirung  an  der  Unterkante  auf hebt. 

EoefQzient  /i  der  Formel  Q»»|[tJP]/2^/»;   /»=»  SpiegelhOhe  anmittelbar  an  der 
M^dangflebene  iiber  Offnungsmitte;  a  =  desgl.  fiber  OflFhnngsoberkaiite. 


^ 


D 


rt 

G 

h 

\wm\ 

D 

H 

n 

xiiiiin:, 

1 

a 
cm 

Off] 

aang  von 

20  cm 

BOhe 

A 

B 

1       ^ 

B 

E 

1      F 

G 

H 

2 

0,572 

0,687 

0,689 

0,599 

^^ 

6 

0,686 

0,698 

0,681 

0,696    ' 

0,608 

0,622 

— 

0,686 

1       1^ 

0,692 

0,600 

0,681 

0,601 

0,615 

0,628 

0,722 

0,689 

20 

0,598 

0,606 

0,682 

0,607    ' 

0,621 

'    0,688 

0,676 

0,643 

60      1 

1    0,608 

0,610 

0,681 

0,611    ' 

0,628 

!    0,686 

0,668 

0,644 

100 

0,606 

0,611 

0,628 

0,612    , 

0,624 

0,637 

0,664 

0,642 

1      160 

0,602 

0,611 

0,627 

0,611 

0,624 

0,687 

0,661 

0,641 

200 

0,601 

0,610 

0,626 

0,611 

0,619 

0,686 

0,66« 

0,640 

1     SOO 

0,601 

0,609 

0,624 

0,610 

0,614 

,    0,684 

05,66 

0,688    , 

1 

Off] 

Qung  von 

5  cm  U5he 

2      ! 

0,616    • 

0,627 

0,647 

0,631 

0,664 

,    0,663    , 

0,678 

6 

0,625 

0,680 

0,646 

0,682 

0.667 

1    0,669 

0,690 

0,677 

10 

0,630 

0,688 

0,645 

0,688 

0,669 

0,674 

0,688 

0.677 

20 

0,681 

0,635 

0,642 

0,683    1 

0,670 

0,676 

0,687 

0,676 

1        60 

0,628 

0,634 

0,637 

0,632 

0,668 

0,676 

0,682 

0,671 

1      100 

0,625 

0,628 

0,685 

0,627 

0,666 

0,672 

0,680 

0,670 

!      160 

0,619 

0,622 

0,684 

0,621 

0,666 

'    0,670 

0,678 

0,670 

1      200      1 

0,618 

0,616 

0,634 

0,616    i 

0,664 

0,670 

0,674 

0,669 

800 

0,606 

0,609 

0,682 

0,608    , 

0,662 

0,669 

0,673 

0,668 

Die  nachstfolgende  Tabelle  betrifft  Miindungen  wie  die  friiheren, 
jedoch  mit  Gerinnen,  welche  sich  aufien  genau  an  die  Seiten  und  den 
Boden  anschlossen,  so  daB  diese  an  der  Offnung  ihre  Abschragung  der 
AuBenkanten  yerloren.  Ein  unterstrichener  Buchstabe  bedeutet  ein  ws^- 
rechtes  Gerinne  yon  3  m  Lange,  ein  durchstrichener  ein  2,5  m  langes 
Gerinne  yon  Y^^  Neigung. 
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Bezeiclmnng  wie  in  der  vorhergehenden  Tabelle. 


i      a 
cm 

Offnung  von  20  cm  U5he  mit  Crerinne 

4      '     B 

c       E       !b;       F       X' 

G 

1 

H 

H 

«        2 

0,480     0,489  1  0,496  t  0,480  1  0,527  |     —          — 

1 

0,488  , 

^     1 

0,511     0,517 

0,581     0,510  \  0,553     0,509  >  0,546  ,  0,528  >     — 

0,520 

10 

0,542  .  0,545 

0,563  ;  0,538  |  0,574     0,534     0,569  ,  0,560     0,593  ;  0,552  | 

20     ' 

0,574 

0,576 

0,591 

0,566 

0,592  1  0,562     0,589     0,589     0,617  I  0,582  | 

50 

0,599 

0,602 

0,621 

0,592 

0,607  1  0,591     0,608 

0,591     0,682 

0,618 

100 

0,601     0,609 

0,628 

0,600 

0,610     0,601     0,615 

0,601     0,638 

0,623  1 

)     150 

0,601     0,610 

0,627 

0,602     0,610     0,604  1  0,617 

0,604     0,641  1  0,624  i| 

200     ' 

0,601     0,610 

0,626 

0,602  i  0,609     0,604  ,  0,617 

0,604  *  0,642 

0,624 

300 

0,601     0,609 

0,624  I  0,601  ;  0,608  ,  0,602  j  0,616 

0,602  i  0,641 

0,622 

1 

Offnang  von  5  cm  H5h6  mit  Gerinne                              || 

2 

0,488     0,555 

0,557     0,487 

0,585 

0,483     0,579  |  0,512 

—       0,494 

5 

0,577     0,600 

0,603 

0,571 

0,614 

0,570     0,611  1  0,582 

0,625     0,577  i 

^^     1 

0,624     0,625 

0,628 

0,605 

0,632 

0,609     0,628  1  0,621 

0,639     0,616  , 

:     20    ' 

0,631     0,688 

0,637 

0,617 

0,645 

0,623     0,643 

0,637 

0,649 

0,629 

50    ! 

0,625     0,630 

0,635     0,626     0,652  '  0,630  '  0,650 

0,647  ^  0,656 

0,636  ' 

100    . 

0,624     0,627  | 

0,635  !  0,628     0,651  '  0,633  1  0,651 

0,649  1  0,656 

0,638 

150 

0,619  1  0,622 

0,634 

0,627  ;  0,650     0,632  !  0,651     0,647     0,656     0,637  | 

200 

0,613     0,616 

0,634 

0,623     0,650     0,631  ;  0,651  '  0,644     0,656 

0,685 

300 

0,606  i  0,609 

1 

0,632 

0,618 

0,649  1  0  628     0,651     0,639 

0,656 

0,632  ' 

Verwandt  mit  Leshrosf  Fall  G  ist  der  AusfluB  aus  dem  Spalt  unter 
einer  Spannscliiltze,  den  J,  V.Poncdet^)  untersuchte.  SchlieBt  die  Schutze 
mit  der  Lotrechten  den  Winkel  d  ein,  so  gelte  fQr*) 

tang*-0        0,5         1, 

ti  -  0,7     0,74      0,8 ; 

dafi  fClr  d  —  0,  dieses  fi  jenes  des  Falles  G  tibertrifft,  erklart  sich  durch 
die  innere  Abschragung  oder  Abrondung  der  Schiitzenkante. 

Die  EinschntLrung  kann  man  auch  mafiigen,  indem 
man  das  Wasser  durch  einen  verengten  Gefafiteil,  also 
mit  einiger  Geschwindigkeit  der  Offiiung  zulaufen  lafit. 
Bezeichnet  man  das  Yerhaltnis  zwischen  Offnungsquer- 
flchnitt  f  imd  Milndungsflache  F,  also  f:  F  mit  n  und 
den  Ausflufikoef&zienten  bei  yoUkommener  bzw.  bei  ver- 
minderter  Einschniining  mit  (i  bzw.  ft^,  so  kann  man  nach  J.  Weisbach*) 
mit  grofiter  Genauigkeit 


IT" 


(143) 


fur  kreisfdrmige  OfiFnung  fi^  -  (ill  +  0,04564(14,821"—  1)] , 
far  rechteckige  OfiPhung  ft^^  (i[l  +  0,0760(9" - 1)] 


1)  M^m.  BUT  lee  roues  hydranliqaes  a  aubes  coarbea,  nouv.  ^d.,  Metz  1827,  S.  44. 

2)  Paneelet,  Lehrbach  der  Anwendung  der  Mechanik,  dentsch  von  Schnuse 
(Zitat  nach  Graahof,  Theoretische  Maschinenlehre  1,  1875,  S.  462;. 

3)  Lebrbnch  1  (1845),  S.  416.    Weisbach-Herrmann,  S.  989. 


264  IX.  Ausflufi  durch  Ofifnungen 

Betzen,  wonach  sich  der  Bruch  ^"^^  fiir 

n  «  0,1         0,2         0,8         0,4         0,6        0,6        0,7         0,8        0,9         1 

b.  Ereis  0,014     0,084     0,059     0,092     0,184    0,189    0,260    0,861    0,471    0,613 

b.  Rechteck   0,019     0,042     0,071     0,107     0,162    0,208    0,278    0,366    0,478    0,608 

ergibt. 

Eben  wurde  vorausgesetzt,  daB  als  Druckhohe  die  Tiefenlage  der 
Offnung  unter  dem  Spiegel  nahezu  ruhenden  Wassers  betrachtet  wird. 

i_^        MiBt  man  hingegen  yon  einem  Spiegel  aus,  unter  dem 

- --i_-^-^"  """*    eine  senkrecht  zur  Offnungsebene  gerichtete  Ankunfts- 
U       i     11  '''   geschwindigkeit  U  herrscht,  so  mu6  man  nach  dem  JSer- 


1 


nowKi  schen  Theorem  die  Geschwindigkeitshohe  y    zum 

flohenunterschied  von  Spiegel  und  Offnung  binzuftigen. 
Man  hat  dann  namlich  als  Ausflufi 

(143a)  Q  -  ,t/-]/2<7 (/» +  -^"j  -  y^fV^^r+lP 

oder  da  zugleich  bei  einem  Querschnitt  F  des  Zulaufgerinnes 

Q-FU 
sein  mnfi, 


Q^nfY^^hV^,, 


worauB 


¥-f 


(143b)  Q  =      -J.^-      y2gh  =  (i,fV2gh 

herrorgeht.  Fur  fi  mufi  man  in  Ermangelung  einschlagiger  Versuche 
zu  den  Ermittelungen  greifen,  die  Lesbros  fdr  den  Ausflufi  aus  Gef  afien 
anstellte.  Fiir  rechteekige  Offiiungen  in  lotrechter  dUnner  Wand  stellte 
Weishach^)  Versuche  an.  Derselbe  mafi  die  Hohe  h  einen  Meter  strom- 
auf  von  der  Offnung  aus  und  fand,  so  lange  /'nicht  viel  grofier  als  0,52^ 
blieb,  ziemlich  genau 

(144)  Q  -  iif[l  +  0,641  (f  )*]  y2gh , 

also  den  neuen  Ausflufikoeffizienten  ^  so  grofi^  dafi  stets 

(144a)  ^  -  0,641  (^-)* 

war.  Unter  [i  verstand  er  hierbei  den  von  Poncdet  und  Lesbros  ermit- 
telten  Ausflufikoeffizienten  der  Formel  (140)  und  der  zugehorigen  Ta- 

1)  Lehrbuch  1  (1846),  S.  418.    Weishach- Herrmann,  S.  991. 


76.  Unvollkommene  EinBohnorung.    76.  Ansatzrdhren  26& 

belle.    Zur  AbkUrzuug  der  Rechnung  gab  er  noch  nachstehende  Zu- 
Bammenstellung : 

f 

J-       =   0,06        0,1        0,16        0,2        0,26        0,3        0,36        0,4        0,46        0,6 
^^""^  =«  0,002     0,006     0,014     0,026     0,040     0,068     0,079     0,108     0,180     0,160 

76.  AnsflaA  duroh  AnsatzTbhren.   Eine  zylindrische  Ansatzrohre- 

Yerringert  zwar  die  Spmngweite  des  austretenden  Strahles,  verdickt  aber 

letzteren  derarfc,  daB  die  Ausflufimenge  wachst  und  fiir  eine  gewisse 

Lange  ihr  Maximum  hat.    Dies  entdeckte  der  Marehese  Poleni^),  als  er 

nacbeinander  zylindrische  Stutzen   (von  wie  es  scheint  neun  Linien 

Weite)  und 

0,8     18     36     57     108  Linien  Lange 

benutzte  und  sich  die  entsprechenden  AusfluBzeiten  wie 

1^9  :  1,04  :  1  :  1  :  1,4 

verhielten.  B.  A.  Michehtti,  G.  Bidone,  J.  F,  d'Atibuisson,  J.  A,  Eytelwein 
und  «/".  Weisbach^)  erhielten  ftir  Ansatzrohren,  deren  Lange  etwa  27,  bia 
3mal  60  grofi  wie  der  Lochdurchmesser  war,  gut  Ubereinstimmende 
Werte  und  zwar  im  Mittel  den  Ausfiufikoeffizienten  /t »  0,815.  Ubrigena 
wachst  ft,  wenn  die  Rohrweite  oder  die  Druckhohe  kleiner  wird.  So  fand 
Weisbach  bei  einem  Drucke  von  0,23  bis  0,6  m  ftir  Stutzen,  welche 
dreimal  so  lang  als  weit  waren, 

bei        1  2  3  4     cm  Weite 

fi- 0,843     0,832    0,821     0,810 

und  fand  Buff,  dafi  bei  einem  0,6  cm  weiten,  9,4  cm  langen  Ansatz  /l& 
aUmahlich  von  0,855  auf  0,825  fiel,  wenn  die  Druckhohe  von  4  cm  auf 
86  cm  stieg.  U.  Masoni^)  bestimmte  bei  einem  2  cm  weiten  Stutzen 
von  7  bzw.  12  cm  Lange  unter  0,085  bis  1,1  m  Druckhohe  ii  —  0,83 
bzw.  0,80. 

Beim  Ausflufi  von  Wasser  durch  kurze  parallelepipedische  Ansatz- 
rohren fand  WeishcLch^^  fi  =»  0,819  und  bei  quadratischem  Querschnitt 
von  2  auf  2  cm  schwankte  nach  Masoni  bis  zu  6  cm  Lange  /u  zwischen 
0,82  und  0,83,  wahrend  es  bei  12  cm  Lange  nur  mehr  0,79  betrug. 

Den  AusfluBkoeffizienten  ftir  Ansatzrohren  kann  man,  davon  aus- 
gehend,  daB  der  Strahl  sich  in  ihnen  erst  vom  Offnungsquerschnitt  f 


1)  Delle  pescaje  69,  lateinisch  erschienen  1718,  Raccolta,  2.  ed.,  8,  S.  416. 

2)  Lehrbuch  1  (1846),  S.  422.    Wetsbach-Heirmann,  S.  1002. 
8)  Idraolica,  2.  ed.,  S.  198;  3.  ed.,  S.  277. 

4)  Lehrbuch  1  (1846),  S.  423;  Idraulica,  3.  ed.,  S.  277. 
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auf  f^  zusammenzieht  nnd  dann  wieder  auf  f^^  f  ausdehnt,  naherungs- 
weise  aas  dem  Ausflufikoeffizienten  0,62  filr  scharf kautige  Offnangen  ab- 
leiten.  Dabei  macht  man  allerdings  zwischen  Ausflufikoeffizienten  und 
Einschniirungskoeffizienten  keinen  Unterschied.  Im  Strahlhals  ist  die 
Geschwindigkeit;  wenn  hier  ein  Unterdruck  h  unter  dem 
atmospharischeu  herrscht  und  sich  der  Ansatzstutzen  in  der 
Tiefe  H  unter  dem  Gefafispiegel  befindet, 

(145)  u,^y2^(^-yh). 

Von  seinem  Hals  dehnt  sich  der  Strahl  wieder  aus,  und 
zwar  derart,  dafi  bei  dem  Werte  0,62  des  Einschnxirungs- 
koeffizienten  am  Stutzende  die  Geschwindigkeit 

L\  -  0,62  U^ 

betragt.  Diese  Ausdehnuug  ist  gemafi  (123b)  mit 
einem  Druckunterschied  zwischen  Hals  und  Aufien- 


H 

— ► 


ende  von 


U,(U,^U,) 


Yenturis  Yersaoh. 


(145  a) 


Yerbunden  und  da  das  Aufienende  unter  Atmo- 
spharendruck  steht,  herrscht  am  Hals  tatsachlich 
Unterdruck  und  zwar  Yon  der  Grofie 

9 


*-t(o52-^«)=-^'^^^ 


womit,  da  C/^  =«  ?7  in  der  Gefafioffnung  sein  muB,  (145)  auch 
U 


0,62 


y2gH+ 1,226  U'    oder      1,576  U^^y2gH 


oder 

(145  b)  V^0,8bV2iW 

geschrieben  werden  kann.  Erfahrungsgemafi  ist  aber,  wie  oben  gesagt 
wurde,  U  nur  wenig  kleiner^  etwa  =  0,82  Y2g  H,  welcher  Wert  sich 
^brigens  ergibt,  wenn  man  fQr  den  Druckunterschied  h  statt  (123)  die 
Formel  (125)  de  Saint-Venants  benutzt^).  Entdeckt  wurde  der  Unter- 
druck, der  gemafi  (145  a)  und  (145  b) 

(145c)  h  «  0,613  .  0,73  •  22f  =  0,89 IT 

und  nach  de  Saint-Venants  Formel  0,lbH  betragen  soUte,  Yon  G.  B. 
Venturi,  der  ihn  in  der  oben  dargestellten  Weise  nachwies*).    Er  fand 

1)  Siehe  z.  B.  Mcisoni,  Idraulica,  2.  ed.,  S.  196. 

2)  G.  B.  Venturi,  Recherches  ezperimentallea  siir  le  principe  de  communi- 
cation laterale  dans  lea  fluides,  Bull.  Soc.  philomatique  1797,  auch  deutsch  in 
GtWertB  Ann.  de  Physik  2  (1799),  S.  421,  432.  —  Gl.  (146  c)  grilt  fOr  den  Unter- 
druck  untei  Schiitzen,  doch  kann  yh  nicht  grdfier  ala  1  atm  werden. 
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bei  32,5  ZoU  Druckhohe  H  die  Saughohe  A  -  24  ZoU,  also  h  =  0,74  JT, 
worin  eine  Bestatigang  de  Saint -Venants  liegt.  Da  der  Druck  zwar 
nnter  den  aafieren  sinken,  aber  nicht  negatiy  werden  kann,  findet^  wie 
J.  N,  P.  Hachette  und  H.  Buff^)  zeigteo,  keine  Vennehrung  der  Ausflu£- 
menge  gegenUber  jener  aus  dQimer  Wand  statt,  wenn  sich  das  Wasser 
in  einen  luftleeren  Raum .  ergieBt.  M.  Capito  und  U.  Masoni  ^)  haben 
nachgewiesen,  daB  es  die  den  Strahl  herunterziehende  Schwere  ist,  welcbe 
ihn  zam  Anlegen  an  die  Rohrwand  bringt,  daB  also  letzteres  Ursacbe 
und  nicht  Folge  der  Bildung  eines  luftverdtlnnten  Raumes  um  den  ein- 
geschnfirten  Strabl  ist.  Es  kann  namlich  anch  ein  Hindemis  verschie- 
dener  Art  oder  die  Inversion  des  Strahles  (siehe  unten  S.  275)  bei  nicht 
kreisformigem  Querschnitt  das  Anliegen  bewirken. 

Schief  abgesetzte  oder  angesetzte  Ansatzrohren  geben  nach  Weis- 
bach^)  bei  einem  Winkel  d  zwischen  Rohrachse  und  Wandnormalen  fiir 

*-    0®        10®        20<>       30®       40®       50®       60® 
ft -0,816    0,799    0,782    0,764    0,747    0,731     0,719, 

worin  fi  der  AusfluBkoeffizient. 

Femer  fand  Weisbach^),  daB 
aus  einer  Rohre  mit  innerem  An- 
satz,  wenn  die  ringformige  Stim  der 
Rohre  mindestens  %jndl  so  breit  wie 
die  Rohrweite  ist,  soviel  ausflieBt,  wie  aus  einer  Rohre  mit  ihrer  Stim- 
flache  in  der  Wand.   Ist  die  Stim  schmaler,  so  fallt  der  AusfluB- 
koeffizient  geringer  aus.   Bei  sehr  schmaler  Stim  wird  er  nach 
Bidone  und  Weisbach  »  0,71,  falls  der  Strahl  das  Rohr  ausfQllt, 
und  «  0,53  (siehe  oben  S.  252),  falls  er  sich  nicht  an  die  Innen- 
leibung  anlegt   Im  ersten  Fall  ist  der  Strahl  zerrissen  und  sprUht 
besenformig  auseinander,  im  zweiten  ist  er  stark  eingeschniirt  und 
kristallrein. 

Ist  eine  Ansatzrohre  inwendig  teilweise  eingefaBt,  stoBt  sie 
z.  B.  mit  einer  Seite  an  den  Boden  an,  so  steigt  nach  Yersuchen 
Weisbachs  der  Ausflufi  nicht  ansehnlich,  wohl  aber  flieBt  dann 
das  Wasser  an  der  FUhrungsseite  schneller  als  an  der  entgegen- 
gesetzten  Seite. 


1 

J 

J 

1 


1)  Ann.  Phys.  Chem.  (2)  16  (18S9),  S.  240. 

2)  Palermo,  CoUegio  degV  ingegneri,  Atti  1884;  Napoli,  R.  Istituto  d^incor- 
ragiamento,  Atti  (4)  6  (1898),  No.  6. 

8)  Lehrbnch  1  (1845),  S.  425.    Weishach-Herrmann,  S.  1005. 
4)  Ebenda  S.  428.    WeMadi- Herrmann,  S.  1003. 


^'ii 


268  IX.  Auaflufi  durch  Offnungen 

Geht  eine  kurze  Ansatzrohre  von  einer  Wand  aus,  deren  Flache  F 
den  Rohrquerschnitt  f  nicht  vielmaLs  iibertriflPb,  so  be-        | 
wirkt  die  Zulaufgeschwindigkeit  eine  Zunahme  von  ft  „   ^         ^ 

auf  in^  nnd  ist  bei  einem  Flachenverhaltnis  f:F=^  ■ 

n       =-  0,06       0,1        0,2        0,3        0,4        0,6        0,6        0,7        0,8       0,9       1,0 
HmZLS:  ^  0,006    0,013    0,027    0,043    0,060    0,080    0,102    0,127    0,162   0,181  0,227 

Dafi  glatte  nnd  abgemndete  Mundstiicke  der  Wasserbewegang  fast 
gar  keinen  Widerstand  leisten,  ist  bereits  oben  (S.  223)  bei  Betrachtung 
der  Rohrverengnngen  bemerkt  worden.  Auch  wnrde  bei  Besprechnng 
des  Gescbwindigkeitskoeffizienten  oben  S.  249  angegeben^  dafi  bei  sol- 
|_  cben  Mundstiicken  ft  mit  (p  fast  tibereinstimmt 

.__^^  und  0,96  bis  0,99  betragt. 

— -^^^^""^^^^  Gering  ist  auch  der  Widerstand  sich  ver- 

jiingender  Tconischer  Stuteen,  Castel^)  erhielt  mit 
U-.^.P^..^  einem  Eegelstutzen  von  2  cm  Austrittsweite  und 

5  cm  Lange  unabhangig  von  der  Druckhohe,  die  zwischen  0,2  und  3  m 
schwankte,  folgende  Ergebnisse  (d  =  Eegelscheitelwinkel,  y  ==  Geschwin- 
digkeits-,  ft  =  Ausflufikoeffizient): 

e  =  2*50'  6*26'  6*64'  10*30'  12*10'  13*40'  16*2'  18*10'  23*4'  33*62 
(f  =  0,906  0,928  0,988  0,963  0,967  0,964  0,967  0,970  0,973  0,979 
/t  ==  0,914     0,930      0,938      0,946      0,949       0,966      0,949      0,939      0,980      0,920 

Lespinasse*)  fand  bei  einer  2,92  m  langen  vierkantigen  Diise,  die 
sich  von  73/97,5  cm  Weite  auf  15,5/19  cm  Weite  verjiingte,  deren  gegen- 
dberliegeudeWande  also  Winkel  von  ll®38'einschlossen,  bei  0,19  m'sec"* 
DurchfluB  und  2,92  m  Druckhohe  [i  ==  0,98. 

Vorstehenden  Angaben  seien  noch  Versuchswerte  von  H.  Heine- 
mann^)  beigefiigt,  der  bei  0,1  bis  0,3  m  Druckhohe  fur 

d^   60^        90  <>        120<> 

II  =  0,838     0,807     0,749 

fand.  Nach  diesen  Zahleu  erreicht  die  Ausstromung  fOlr  einen  Scheitel- 
winkel  d  von  etwa  13J-®  ihr  Maximum  mit  ft  =  0,956  (bei  1,55  cm  End- 
weite  war  das  Maximum  0,946)  und  nimmt  dann  langsam  ab.  Die  Ge- 
schwindigkeitsziffer  tp  diirfte  bis  zu  etwa  d  »  8^  den  Wert  Eins  haben. 
Dann  wird  /li  <  97,  womit  klar  ist,  dafi  nunmehr  eine  EinschnQrung 
statt  hat. 


1)  J.  F.  d'Aubuisson  de  Voisine,  Traits  d'hydraalique,  2.  €d.,  PariB-StraB- 
bourg  1846,  S.  60,  nach  Ann.  des  mines  (3)  3  (1838),  S.  1. 

2)  Ebenda  nach  Toulouse,  M^m.  de  TAcad^mie  2  (1784). 

3)  H.  Heinemann,  Rational-Theorie  d.  Beweg.  d.Wa88er8,  Hagen  1872,  S.  174. 
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rf-^ 


rf-  360 


Fflr  S  =  180^  wird  das  Ansatzstiick  zum  Loch  in  dUnner  Wand 
und  fiir  d  >  180®  zu  einem  nach  innen  tretenden  Eegelstutzen^  endlich 
zum  £orc2aschen  Stutzen.  An  solchen  Mundstticken,  alle 
von  2  cm  weiter  Innenoffiiung,  nahm  Weisbach  33  Er- 
hebungen  vor,  die  Cr.  Zeuner'^)  zur  Aufstellung  der  ein- 
heitlichen  empirischen  Formel  (der  ^^Kontraktionsskala^^ 
f Ur  den  Ausflnfikoeffizienten  d  - 1^0 

/A  =  0,6385  +  0,2121  cos^-f-  +  0,1065  co8^-|- 

bewogen.  Hit  den  Beobachtungen  (/u^)  stimmt  diese  For- 
mel wie  folgt: 

0«  ll|o  22^°  46®  90*  136<»  180*  225*  270*  315*  -  360* 
^  =.  0,966  0,949  0,924  0,882  0,758  0,684  0,632  0,606  0,577  0,546  0,541 
^^»  0,957  0,952  0,937  0,888  0,787  0,716  0,639  0,604  0,591  0,549  0,543 

Der  groBe  Wert,  den  hier  (i  fQr  kleine  d,  insbesondere  fur  d  «  0,  zeigte, 
ist  dadurch  erklarlich,  dafi  die  Anschlufikanten  der  Mundstdcke  an  den 
Boden  abgerundet  waren. 

Konisch  zusammenlaufende  Strahlrohre  mit  angeschraubten  Mund- 
stiicken,  wie  sieFeuerwehren  benutzen,hat  in  groSerer  Zahl  J.  B.  Freeman  ^) 
untersucht.  Er  maB  die 
Druckhohe  am  Strahlrobr- 
anfange  und  fand,  daB  die 

AusfluBkoeffizienten  bei 

Verwendung  der  iiblichen 

glattenMundstQcke  nur  we- 

nig  wechseln.  So  erhielt  er 


3X 


I 


Strahlrohr  A 


bei  nachstehend  aufgefflhr-  'i.r^^.fli.TJifi 


tenFormen  die  beigescbrie- 
benen  ^  fiir  Strrahlrohr 
samt  Mundstiick: 


strahlrohr  B 


Strahlrohrdmr. 


MundBtilck 


,  Anfang  '  Ende  !l       Schaft 


Auslauf 


Offhungs- 
weite 


Abb. 


konisch 

konisch 

kelchfbrmig 

glockig 

konisch 


Zylinder  2,5  cm  lang, 
Ende  abgeschnitten' 
Zylinder  2,5  cm  lang 
Zylinder 


cm 

2,86 
2,86 
2,86 
2,86 


Zylinder  2,5  cm  lang;       2,86 


0,976 

0,977 

0,971 

0,980  od. 

0,986 

0,988 


A 
B 


1)  Civilingenieur  (2)  2  (1856),  S.  54. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  308,  Table  1,  2,  8. 
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Wesentlich  ist  die  Glatte:  Vorsprtinge  im  Innem  verhindem  nicht 
nur  den  Aasflufi,  sondern  zerreifien  auch  den  Strahl.  Man  pflegt  daher 
Yorsichtshalber  die  Endweite  des  Strahlrohres  etwas  grofier  als  die  An- 
fangsweite  des  Mnndstiickes  zu  machen.  Dieser  Bticksprang  an  der  An- 
schlufistelle  hat  sich  ohne  jeden  Einflufi  gezeigt.  Ent- 
schieden  schadlich  ist  dafdr  ein  ringformiger  Yorsprung 
am  Mundstackende  und  zwar  waren  bei  StraUrohren 
mit  Mundstiicken  die  ohne  Yorsprung  etwa  ^  =»  0,975^  gegeben  batten 
infolge  der  Ringleiste  die  fi  nunmehr  die  folgenden^) 


1         Durchmesser  in  cm 
'  in  d.  Offnnng  1  hinter  d.  Leiste 

Verhaitnis  der                   Verhaitnis '  TTcwfeoc/is ' 

Durchmesser   Plftchen                  ^ :  0,6             il^ 

1 

■         3,01 

1         2,81 

3,84 

1         8,17 

3,17 

1 

8,17 
8,17 
3,94 
3,81 
6,35 

0,950         '    0,903     : 0,866 
0,886         ,     0,786      0,742 
0,848             0,719     ,0,729 
0,888             0,694      0,736 
0,6                 0.260      0,634 

1,44 
1,24 
1,22 
1,28 
1,06 

0,885      , 
0,802      , 
0,765 
0,758 
0,627      j 

Als  Druckhohe  h  in  der  Formel  Q  —  iify2gh  ftir  den  AusfluB  Q 
durch  die  Offnung  f  betrachtete  Freeman  bei  Berechnung  der  fQnften 
Spalte  dieser  Tabelle  die  Summe  aus  der  am  Strahlrohranfange  (mittels 
Quecksilberstandrohren)  ermittelten  Druckhohe  h^  und  der  Oeschwin- 
digkeitshohe.    Betragt  der  Anfangsquerschnitt  des  Strahlrohres  Fy  so 

herrscht  am  Strahlrohranfange  die  Geschwindigkeit  ^  ,  womit  die  Aus- 
fluBformel 


oder 
(146) 


Q  =  (ify2g  [h,  +  ^^§1^)-  l^fy2gh,  +  -^\ 


Q-t^f 


r      1  -  ^'  -^, 


lautet.  In  der  Formel  Q  =-  nfy2^h  setzt  daher  Freeman 

(146a)  h-^\:(l-li'^,) 

ein.  Die  sechste  Spalte  gibt  das  Yerhaltnis  des  beobachteten  /t  zu  dem 
AusfluBkoeffizienten  0,6  der  voUstandigen  EinschnUrung  an  und  auf  den 
gleichen  Wert  der  AusfiuBziffer  bei  vollstandiger  EinschnUrung  beruht 
die  zum  Yergleich  beigegebene  letzte  Spalte,  in  der  fi^  nach  WeisbachB 
Formel  (143)  unter  der  Annahme  berechnet  wurde,  daB  in  ihr  deren 
fi  =  0,6  zu  setzen  sei.  Dabei  ist  freilich  die  Reibung  im  Strahlrohr  ver- 
nachlassigt,  womit  es  sich  zum  Teil  erklart^  daB  sich  die  Werte  Freemans 


1)  Ebenda  S  336. 
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im  allgemeinen  kleiner  als  die  Weisbachs  zeigten.  Als  Freeman  spater  ^) 
seine  Yersuche  mit  glatten  konischen  Mundstucken  von  6^3,  5,1  nnd 
4,4  cm  Offiiungsweite  in  der  Weise  wiederholte,  dafi  er  die  Dructhohe 
statt  am  Strahlrohranfang  am  Mundstiickansatz  maB,  fand  er  denn  auch 
Bein  fi  grofier  als  friilier,  namlich  =  0,995  statt  «  0,975,  was  fClr  einen 
nicht  unerheblichen  Einflnfi  der  Strahlrohrreibung  spricht. 

77.  Doppelkegelstutsen,  welche  sich  erst  verengen,  dann  erweitem 
imd  damit  nngef  ahr  die  Form  nachahmen,  die  der  Ausflafistrahl  in  einem 
zylindrischen  Ansatzrohr  annimmt,  untersuchte  G.  B.  Ventur?).  Er  be- 
merkte,  dafi  bei  gleichen  Enddnrchmessem  des  Doppelkegels  und  des 
Zylinders  ersterer  mehr  Wasser  als  letzterer  gibt,  was  er  durch  die  Ver- 
ringerung  der  Wirbel  erklarte,  und  er  verglich  die  Ausflufizeiten  ver- 
schiedener  Formen  ftir  den  Ofinungsdurchmesser  und  Enddurchmesser 
von  4  em.  Wenn  man  den  Ausflufikoeffizienten  fttr  ddnne  Wand  =  0,61 
setzt,  ergeben  sich  aus  seinenMessungen  nachstehende  Ausflufikoeffizienten 

diinneWand    zylindr.  Ansatz     hj         |      H  |      ^,^      J 

Zeitverhaltnis  1  1,32  1,32  1,26  1,49 

Ausflufikoeffizient    0,61  0,81  0,81  0,77  0,91 

Moglicherweise  war  das  gdnstige  Yerhalten  des  Doppelkegels  oder 
Doppelkelches  bereits  den  Romem  bekannt,  denn  Sex.  Jul,  Frontinus^) 
erwahnt  bereits,  dafi  Rohranschliisse  dieser  Art  dem  Empf anger  mehr 
Wasser  als  zylindrische  zuftihren;  so  kann  wenigstens  die  Stelle  „calix 
devexus  amplius  rapit"  gedeutet  werden.  Verschiedene  Versuche  dber 
Doppelstutzen  und  einfache  sich  erweiterude  Stutzen  liegen  yon  J.  A, 
Eytdwein^),  Sereni  und  P.  Bichelmy^)  vor.  J.  Weishach^)  zeigte,  daft 
bei  letzteren  Ansatzen  eine  Abrundung  des  Wandanschlusses  den  Aus- 
flufi  wesentlich  verstarkt.  So  gab  eine  Anschlufir5hre  von  4  cm  Lange,. 
1  cm  Durchmesser  an  der  Wand  und  1,54  cm  Durchmesser  an  der 
Miindung,  wobei  der  Divergenzwinkel  8®  4'  mafi,  je  nachdem  der  An- 
schlufi  abgerundet  war  oder  nicht,  ft  =  0,738  oder  =0,395.  CRaezor 
honi"^)  empfiehlt  zur  Berechnung  des  Ausflusses  Q  in  m'sec"^  fQr  sich 

1)  Ebenda  24  (1891),  S.  606. 

2)  Recherclies  ezp^rimentales  1797.    Gilberts  Ann.  d.  Phys.  2  (1799),  S.  454. 

3)  De  aqais  nrbis  Romae,  Art.  36.  Unter  Nerva  97  n.  Chr.  erhielt  Frontiwusr 
die  Aufsicht  dber  die  Waseerleitungen  von  Rom. 

4)  Handbuch  der  Mechanik  fester  EOrper,  2.  Anfl.,  Leipzig  1823.  S.  101. 

6)  Torino,  Memorie  (2)  25  (1871),  S.  31.  Bichdmy  nennt:  Sereni,  Mem.  Bill 
moto  deir  aqna  nei  tnbi,  Roma  1843. 

6)  Weiabach'Hemnann,  S.  1010. 

7)  Bologna,  Memorie  della  r.  accademia  (4)  7  (1886),  S.  85,  9  (1888),  10 
(1889),  S.  397;  (5)  1  (1890),  S.  465. 
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erweitemde  Kegel^  die  unmittelbar  an  der  Wand  beginnen  bzw.  abge- 
rundet  an  die  Wand  anschliefien  die  Ausdrucke 

(147)  Q^Ofi^JcD^YhVl     bzw.     ^kD^YhVh 

worin  D  den  Durchmesser  am  Rohrenanfang,  h  die  Druckh5he,  I  die 
Rohrenlange  bezeichnet  and,  wie  eine  Nachrechnung  lehrt,  Z),  h  und  I 
in  m  zu  messen  sind,  ferner  fiir  einen 

Divergenzwinkel  von     5«5'2r'     3«23'34"     10  41'47"         (fi 

Jc  -        10,66  9,80  8,60  7,80 

ist. 

In  der  Eehle  kann  der  Druck  nicbt  nnter  Null  sinken,  ja  nicht 

€inmal  sich  der  Null  sehr  nahem,  weil  Bonst  entweichende  Gase,  die 

vordem  absorbiert  waren,  und  Wasserdampf  die  Kontinuitat  vereiteln. 

Daher  kann  der  Druckhohenunterschied  —  da  die  Atmo- 

f   sphare  denselben  Druck  wie  rd.  10  m  Wassersaule  aus- 

iibt  —  nicht  h  +  10  (worin  h  die  Tiefenlage  der  Offhung 

unter  dem  Spiegel  in  m)  erreichen  und  mu6  die  Qeschwin- 

xligkeit  im  verengten  Querscbnitt  F^  unter  )/2^(A  +  iO),  die  inderEnd- 

mundung  vom  Querscbnitt  F^  unter 

bleiben.  Eine  beliebige  Steigerung  des  Ausflusses  bei  gegebenen  Eehl- 
querschnitt  F^  nur  durch  VergroBerung  der  Endmiindung  jP,  ist  daher 
nicht  moglich.  Bei  zu  grofier  Endmiindung  oder  zu  weitem  Elaffen  andert 
sich  eben  die  Erscheinung  und  bildet  das  Wasser,  ahnlich  wie  schon  auf 
S.  232  bemerkt  wurde,  einen  freien  Strahl,  der  den  Kegel  nicht  ausfQllt. 
Es  sind  nunmehr  eine  grofie  Anzahl  Ausflufikoeffusienten  /t  angegeben 
worden.  Diese  (i  stehen  in  innigem  Ztisammehhang  mit  den  Widerstands- 
Icoeffieienten  der  Formeln  (122  a),  (123)  usw.  Wenn  aus  einer  Offiiung 
von  der  Flache  F  in  der  Tiefe  h  unter  dem  Spiegel  die  Menge 

Q  =  iLFy2gh 

austritt,  so  ist  die  mittlere  Austrittsgeschwindigkeit 

•daher  die  Geschwindigkeitshohe  an  der  Mtindung 
so  dafi  Ton  der  DruckhShe  Ji  die  Hohe 


A-^«A_(l-^«; 


»»'2i? 
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yerloren  gegangen  ist.   Dieselbe  Druckrerlusthohe  wird  aber  bei  Ein- 
fdhrung  eines  Widerstandskoeffizienten  diirch 

ausgedriickt.  Es  gilt  daher 

1  —  /A»         ,  1 


^9 


(148) 


g- 


und 


womit  fOr  jedes  ft  das  zugehorige  g  leicht  gefanden  werden  kann. 

Beiapiel  1.    Besitzt  ein  Rohr  (z.  B.  bei  einem  Sprinkler  oder  einem  Regen- 
fall  zum  FenerlCschen),  welches  den  DurchmesserD  habe,  in  gleichen  Zwischen- 

D            abst&nden  gleich  grofie  AusflaBdffnungen  Fy  so 
lassen  sich  die  Ansflusse  Q^  bis  Q^  nach  J,  P. 
Fritell^)  wie  folgt  berechnen.   Z&hlt  man  der 
StrOmung  entgegen,  so  herrscht  an  der  ersten 
Offnung  eine  Dmckh5he  H  and 
J betragt  der  Ausflofi 


<?-, 


:%-x 


Dann  folgen  eine  Starecke  mit  dem  Durchlanf  Q^  und  einem  Dnickh5henyerlust, 
der  sich  (vgl.  z.  B.  die  Formeln  (27)  Dupuits  oder  (88  b)  Saph  und  SchoderB)  durch 
bQi*  ansdrilcken  l&6t,  die  zweite  Ofi&iung  mit  dem  Ausflofi  aj/lT^^T^T'  ^^- 
Es  findet  sich  fQr 

die  n  -  !••  Ofifhnng     a  V^+ &(«,«+ ..  -  +  C^,)  =  e»-i- On-. . 
die  n*-  OffiiTing  al/^+6(ft«+T-qr^^^  _  ^^  _  Q^_^ 

und  hiemach  &a*§,J_i  —  (Cn  ~- Cn-i)*  — (C«-i  —  C«->)'-  Zeichnet  man  dem- 
nach  zwei  Gerade  unter  dem  Winkel  arctang  a  |/& ,  mifit  man  auf  einer  dieser 
Geraden  (Schenkel)  vom  Winkelscheitel  aus  die  Q  und  sind  Q^  bis  Q^^i  bereits 
gefimden,  so  erh&lt  man  den  Punkt  Q^^  indem  man  in  Q^-i  ^ii^e  Senkrechte 
auf  dem  genannten  Schenkel  errichtet,  bis  sie  den  zweiten  Schenkel  in  Dn~i 
schneidet  und  das  SWck  (2„§„_i  =  ^„_,D„_i  macht. 

2.  Soil  man  einen  langgestreckten  Behalter  aus  einer  Zuleitung  derart 
speisen,  dafi  der  Zuflufi  mdglichst  gleichm3«fiig  langs  des  Beh&lters  erfolgt,  so 
kann  man  dies  durch  eine  entsprechende  Lochimg  erreiohen').  Betr&gt  der  Ge- 
samizuflufi  Q^  so  str5mt  bei  gleichmafiiger  Yerteilung  auf  die  LS.nge  I  l&ngs  dx 

in  der  Zeiteinheit  -j-dx  ein.    Bezeichnet  man  die  Fr&chensumme  aller  (einander 

fthnlichen)  Offnungen,  die  langs  der  Langeneinheit  angebracht  sind,  mit  y  und 
die  t^iberdruckhChe  in  der  Leitung  gegeniiber  dem  Beh&lterdruck  mit  A,  so  mu6 
daher 

~- dx^:^  a  •  ydx  1/2 gh     oder    y  =« — ^ — ;_ 
'  "^    ^         ^    ^  ^       I,y2gl\/h 

sein.   Da  sich  auf  der  Strecke  dx  nach  Gl.  (33  b)  der  DruckhOhenverlust  zu 

&  (C  —  y  «)  dx^  etwa  0,0016  -f-  (l  —  ^)*  ^« 


1)  Journ.  of  the  Franklin  Institute  (3)  76  (1878),  S.  84. 

2)  F.  Schaffernak,  bisher  unyerOffentlicht. 
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Oder  auf  der  Rohistrecke  x,  wie  die  Integration  zeigt,  zn 

bestimmt,  bo  folgt  fur  die  Druckhdhe  h  an  der  Stelle  x^  wenn  H  die  DrnckhOhe 
im  Robr  an  der  Eintrittsstelle  in  den  Behalter  bezeichnet, 


*-^-^C'(*-T  +  S)' 


womit  man  ffir  die  Lochfl9.cben  die  Kegel 

1  Q 


•^  ii/«-.«'(«-^+i;) 


erhalt.  FvLr  ft  =  0,61,  ^  «=  1  m* see"  \  D  -=  0,8  m,  H  =-*  0,16  m,  Z »  20  m  erhalt  man 

1  1 


0,61  *  4,48 


20  ]/o,16  -  0,006168  a:[l  -  y  +  (3^',)*] 
0,04777 


|AZ^0344(l-*+^)* 


und  fur  a;:Z««0,  >/!♦,  »/,,  %,  1  fflr  y  die  Werte  0,0478,  0,0618,  0,0684,  0,640, 
0,0644.  Damach  aind  z.  6.  zwischen  4,6  und  6,6  m  von  der  Eintrittsstelle  8  L5cber 
YOn  0,114  und  2  yon  0,118  m  Durcbmesser  oder  zusammen  von  0,0614  m'  Fl&cbe 
anzubringen. 

78.  Der  AusflnAstrahl.  Es  ist  bereits  erwahnt  worden,  dafi  bei 
Ausflufi  aus  dtlnner  Wand  eine  Einschnfirang  des  Strahles  stattfindet^ 
wobei  es  bei  kreisformiger  und  recbteckiger  OShang^)  nach  JB,  Bazin 
(der  ein  Rechteck  von  20  cm  Hobe  und  80  cm  Breite  gewablt  batte) 
keinem  Zweifel  unterliegt,  dafi  infolge  der  Bescbleunigung  wabrend  des 
Falles  die  Einscbntlrung  mit  der  Entfernung  von  der  6ef afiofihung  fort- 
gesetzt  zunimmt.  Nicbt  so  sicber  ist  es  bei  lotrecbten  quadratiscben 
OShungen  in  diinner  Wand,  bei  welcben*)  J,  V.Poncelet  und  J.A,Lesbro$ 
(bei  20  cm  Seitenlange  des  Quadrates)  mittels  Rabmen,  von  welcben  aus 
sie  Stablspitzen  yorscboben,  folgende  Querscbnittsflacben  des  Strables 
mafien: 

Otfnungsabstand     6,4      11      15      20      25      30      35      40      50  cm 
Querscbnitt  252    245    237    233    232    225    239   243    244  cm» 

Wenn  aucb  J.  A.  Leshros^  spater  in  30  cm  Abstand  einen  Querscbnitt 
Ton  231  cm^  (statt  nur  225  cm')   ermittelte,  so  ware  bier  docb  eia 


1)  Paris,  M^m.  pr^s.  par  div.  sav.  82  (1902),  Nr.  4,  S.  42. 

2)  Ebenda  8  (1882),  S.  367. 
8)  £benda  18  (1862),  S.  42. 
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walires  Flachenminimum  nachgewiesen^  wenn  nicht  die  Schwierigkeit 
der  Messnng  eingebogener  Flachen  im  schwankenden  Strahl  aucli  dies 
Ergebnis  zweifelhaffc  machen  wurde. 

Der  besprochene  Strahl  bleibt  namlich  nicht  rechteckig.  Scbon  der 
Strahl  aus  lotredUem  Kreis  wird  allmahlich  elliptisch;  aus  einem  Quadrat 
tretend  aber  wird  er  achteckig  und  schliefilich 
stemformig.  Die  Ursache  dieser  Erscheinung  liegt 
in  der  Oberflachenspannung^  welcbe  die  Ecken  zn- 
nachst  abstompft  and  dann  den  Umrifipunkt  fiber 
die  Gleicbgewichtslage  hinaus  einzieht.  Dadurch 
gehen  die  Kanten  in  Furchen,  diese  in  Rippen 
tiber,  so  daB  zum  Teil  seltsame  Querschnittsformen 
entstehen^),  wie  es  besonders  G.  Bidone^),  J.  V. 
Poncelet  und  J,  A.  Lesbros  and  H.  A,  Magnus^) 
beobachtet  haben. 

t^rigens  zeigen  sich  nach  letzterem^)  auch 
bei  kreisformiger  OflEnung  in  dtlnner  Wand  An- 
schweUungen  in  der  Ofihungsnahe,  wenn  die  Zn- 
stromung  nicht  Ton  alien  Seiten  in  gleicher  Weise 
erfolgt. 

Bauche  zeigen  sich  nach  JET.  G,  Magnus  and  jP.  Savart  ebenfalls 
wenn  man  das  Wasser  im  G^fafi  erschfittert,  wodarch  Schwingangen 
entstehen,  welche  die  fallende  Bewegung  zeitweise  hindem  and  eine 
Trennang  bewirken. 

Das  Aassehen  des  Strahles  aus  dUnner  Wand  ist  von  dem  aus  einem 
Ansatz  yerschieden^).  Ersterer  gleicht  einem  geschli£Penen  starren  Glas- 
stabe^  in  dem  sich  alle  Gegenstande  spiegeln;  letzterer  aber  ist  matt, 
triibe  gef arbt  und  an  der  Oberflache  fein  gefurcht.  Indem  die  Furchen 
wie  kleine  Wellen  ihre  Stellung  fortwahrend  andeni;  entsteht  zugleich 
ein  flimmemder  Glanz.  Er  ist  femer  starkem  Schwanken  ausgesetzt,  das 
sich  in  kurzen  Perioden  wiederholt,  bis  er  bei  Emiedrigung  des  Wasser- 
standes  im  Gef  afie  schliefilich  wegen  Unterschreitung  der  unteren  Grenz- 
geschwindigkeit  in  der  Ansatzrdhre  das  Aussehen  eines  Strahles  der 
ersten  Art  annimmt. 

Springt  unterDruck  stehendes  Wassers  aus  einer  wagrechtenOffnung, 


1)  Ebenda  13  (1862),  S.  44,  50  Taf.  6. 

2)  Torino,  Memorie  84  (1830),  S.  237  n.  f. 
8)  Ann.  Phys.  Chem.  (4)  6  (1866),  S.  24  u.  f. 
4)  Ebenda  S.  42. 

6)  Vgl.  z.  B.  G,  Hagen,  Handbnch  der  Wassetbaukunst,  1.  Teil  1 ,  3.  Anfl. 
(1869),  S.  162;  siehe  auch  oben:  die  kritische  Geschwindigkeit. 
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so  entsteht  ein  lotrechter  Strahl^  der  sich,  soweit  der  Luftwiderstand 
nicht  stort,  nach  dem  Gesetz  der  Wurfbewegung  nach  oben  verlang- 
samt^  so  dafi  bei  einer  Ausflufigeschwindigkeit  w^  im  Absiande  sf  von  der 
dfibung  die  Gescbwindigkeit 

herrschi  Da  dieselbe  Wassermenge  alle  Strahlquerscbnitte  durchsteigen 
mufi,  Dehmen  diese  nach  oben  in  dem  Mafie  zu,  wie  w  kleiner  wird,  wo- 
durcb  der  sogenannte  Netctonsche  Katarakt^)  entsteht. 

Von  technischer  Bedeutung  wegen  seiner  Verwendung  beim  Feuer- 
loschen  ist  besonders  die  Steigh5he  des  Strahles.  Bei  kleinen  AusfluS- 
geschwindigkeiten  kann  die  Spnmghohe  s  ohne  merklichen  Fehler  der 

Geschwindigkeitshohe  —  gleichgesetzt  werden.  Bei  grofierer  Gescbwin- 
digkeit aber  bleibt  sie  des  Luftwiderstandes  wegen  merklich  hinter  letz- 
terer  zuriick.  Mariotte^)  folgerte  aus  seinen  Y ersuchen,  dafi  bei  Ansflufi 
ans  dtinner  Wand  das  Stuck,  um  das  der  springende  Strahl  unter  dem 
Spiegel  des  Ansflufigef  afies  zuruckbleibt,  dem  Quadrate  der  Steighohe  8 
proportional  sei  und  zwar  gilt  nach  ihm  fdr  die  Druckhohe  in  Pariser 
Fnfien  bzw.  Metern 

(149)  7  -  1  +  sJo  ^^^-  -  1  +  It  -  1+  0,0103 ». 

J.  Wdshach^)  fand  statt  dessen  durch  mannigfaltige  Yersuche  bei 
Druckhohen  von  1  bis  24  m  fur  h  und  s  in  Meter  fur  eine  Ereis5&ung 
;         von  1  bzw.  1,41  cm  Durchmesser 

(150)  -  =  1  +  0,01158  h  +  0,000582  h^ 

bzw.      =1  +  0,007  lSh  +  0,000  6038  h*, 
ftlr  ein  kurzes  konoidisches  MandBt&ck  von  1  cm  Weite 

(150a)    y  -  1,027  +  0,00048  h  +  0,0009561  A», 

4 1     fOr  ein  konisches  MundstQck,  dafi  sich  bei  14,5  cm 

I  Lange  Ton  3  cm  Weite  auf  1  cm  verjUngt, 

§    (150b)    -=- 1,045 +  0,00037* +  0,000859  A«, 

_\pj     far  dasselbe  Mundstftck  nach  YerkClrzung  auf  10,5  cm 
Y"         Lange 

-  -  1,022  +  0,00239  h  +  0,000327  A». 


-»   r*- 


-9- 


1)  I.  Newton,  Fhilosophiae  natoralis  principia,  torn  2,  sect.  7. 

2)  Traits  dn  moayement  des  eaox,  Paris  1686,  4.  Teil,  1.  Gespi&ch. 

3)  Z.  d.  V.  deutBch.  I.  5  (1861),  S.  113  =  Weiabach- Hermann,  S.  1028. 
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Auch  0.  Lueger^)  und  andere')  geben  Daten  tlber  die  Hohe,  welche 
nach  Zerteilung  eines  aus  einem  Feuerwehrstrahlrohr  tretenden  Strahles 
die  obersteo  sichtbaren  Tropfen  erreichen. 

Sehr  Borgfaltige  Versuche  nahm  J.  R.  Freeman^)  vor,  der  sich  be- 
Bonders  hiitete,  seine  Proben  bei  Wind  yorzunehmen,  weil  er  sich  fiber- 
zeugte,  daB  schon  ein  schwacher  Lufizug  geniigt^  die  Steighohe  der 
obersten  Tropfen  um  ein  Zehntel  zn  verringem.  Noch  bedeutender 
zeigte  sich  der  Einflufi  des  Windes  auf  die  wagrechte  Entfemung.  Bei 
Windstille  steigen  nach  ihm  die  obersten  Tropfen  bei  einer  Druckhohe  h 
am  Strahlrohranfange  aus  einer  Mundstiickoffnnng  yom  Durchmesser  d 
bei  glatter  Fiihrung  bis  zur  Hohe 

(151)  s-A-0,000113^-, 

und  bei  einem  am  Mundstflckende  nach  innen  Tortretenden  Ring  bis 
znr  Hohe 

(151a)  s-*- 0,000131^' 

empor.   Dabei  versteht  Freeman^)  unter  h  die  Summe  aus  dem  mano- 

metrischen  Druck  und  der^  freilich  unbedeutenden^  Geschwindigkeitsh5he 

am  Strahb-ohranfang.  Diese  Formein  seien  aber  nur  fUr  Druckhohen  von 

28  bis  49  m  und  bei  Offiiungsweiten  von  1^9  bis  3,5  cm  zuverlassig,  denn 

bei  grofierer  Offnung  verliere  d  an  Bedeutung,  so  dafi  es,  wenn  es  grofier 

als  5^1  wird^  nur  etwa  mit  dem  Wert  5,1  in  die  Formebi  einzufiihren 

ist   Auch  wachse  bei  Druckhohen  h  von  mehr  als  49  m  der  Lufkwider- 

stand  starker  als  bis  dahin,  namlich  starker  als  %'.  Die  Saule  bleibe  fQr 

^  »  23  bzw.  30  m  bis  zur  Hohe  0,945  bzw.  0,9  s  zusammenhangend  und 

bilde  far 

s=15,2       22,9       30,5       38,1     45,7 

bis  zur  Hohe    0,88  s    0,79  s    0,73  s    0,67  s    63  s 

einen  erstklassigen  Loschstrahl.  Zur  Erlauterung  dieses  Begriffes  sei  er- 
wahnt,  daB  Freeman  von  einem  ,;guten  Loschstrahl^'  yerlangt,  dafi  er 
anscheinend  noch  7io  seines  Wassers  innerhalb  eines  Ereises  yon  38  cm 
und  %  innerhalb  eines  Kreises  yon  26  cm  fHhre;  femer,  dafi  er  auch 
bei  frischer  Brise  noch  brauchbar  (eigentlich  „fair^^  =  anstandig)  sei; 
endlich,  dafi  er  bei  Windstille  durch  eine  Fensterdfihung  an  eine  Zimmer- 
decke  gespritzt  dort  noch  heftig  zerstaube.   Die  Druckhohe  h  in  (151) 


1)  St&dt.  Tiefban  2  «  0.  Lueger,  Wagseryersorgang  d.  St&dte,  Abt.  1,  Daim- 
fltadt  1896,  S.  120;  Daten  ub.  Feuerpfosten  ebenda,  2.  Abt.,  Leipzig  1908,  S.  267. 

2)  Siehe  Freeman,  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  373. 

3)  Ebenda  S.  879  f.  4)  Ebenda  S.  392,  460. 
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und  (151a)  set2st  sich  aus  der  manometrischen  Druckhohe  am  Strahl- 
rohranfange  und  der  Geschwindigkeitshdhe  zusammen^  wie  dies  bereits 
Gl.  (146  a)  erlauteri 

Ohne  Luftwiderstand  wtirde  das  Wasser  dem  Gesetze  der  reinen 
Wurfbewegung  folgen^  nach  welcbem^)  bei  einem  Anfangssteigungs- 
winkel  a  jedes  Teilchen  eine  Parabel  mit  den  Ordinaten 

(152)  z^x  tang  a  ~  |f \  [1  +  tang»  a] 

beschriebe  (worin  x  »  Abszissen,  t^^  »  Anfangsgeschwindigkeit)  nnd  die 
»•,  grofite  Wurfweite 

/^ ^-\  (152a)  X  «  ^  sin  2a 

/     ^    \ N^        far   a  -» 45^^  am    gr5fiten    ausfiele.    Bei 

-^—or— ^  Wasserstrahlen  ist  die  Abweichung  von 

^        diesen  Gesetzen  schon  erheblich  und  Free- 
man^)  fand  far  die  groBte  Wurf-  oder  Sprungweite 

bei  einer  Druckhohe  von  3,5  bis  7  10  35  m 

den  Steigewinkel  a    -        45^  35  bis  40®       30  bis  34®. 

Eine  Formel  stellte  er  far  die  Sprungweite  nicht  auf,  sondem  gab  eine 

graphiscbe  Darstellung  und  Tabellen. 

Bei  spiel.  Wieviel  Wasser  strOmt  ans  einem  Feuerpfosten,  in  welchem 
4,6  Atmosph&ren  Vberdruck  herrscht,  durch  einen  ranhen  Schlauch  von  210  m 
LSUige  und  6  cm  Weite  und  ein  Strahlrohr  von  1,5  cm  weiten  MundstackOfifnang 
au8,  und  wie  hoch  reicht  der  Strahl?  Die  G^schwindigkeit  v^  in  der  Mundstack- 
(3finung  erfordert  eine  Geschwindigkeit  0,09  v^  im  Schlauch.  Far  den  Eintritt  aus 
dem  Feuerpfosten  in  den  Schlauch  (§  69)  ist  t »  0,6,  fdr  die  Beibung  im  Schlauch 
(§  23)  e  »  50,  far  den  Austritt  aus  dem  Starahlrohr  (§  76)  fi  »  0,975  oder  nach  (148) 

1  -  0,96 

Demnach  gilt  vom  Feuerpfosten  ausgehend  fur  den  Druckh6henaufvand  ein- 
Bchliefilich  der  GeschwindigkeitshOhe  mit  1  :  2p  s=  0,61 

0,6(0,09t;,)«  0,061  +  -^-^;^^^^^^  +  0,05t;o»  0,061  +  t^o*  0,051 

=  (0,0002  +  0,0644  +  0,0026  +  0,0610)c^*=-  0,1082«^»==  46 

oder  Vq  =  20,6  m  sec"*,  wonaoh  aus  der  1,77  cm*  grofien  Offnung  8,65 1  sec"*  — 
219lmin~*  strOmen.  Der  wirksame  Druck  am  Strahlrohranfange  entspricht 
(0,0026  +  0,0510)  t^o'»  0,0636  •  426  =  22,8  m  Wassers&ule.  Nach  (151),  soweit  dies 
hier  gilt,  w&re  die  Steigh5he  8  der  obersten  Tropfen 

=  22,8  —  0,000113  ^^-  =  22,8  —  3,9  =  18,9  m 


1)  Siehe  z.  B.  Weisbach- Herrmann,  S.  117. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  21  (1889),  S.  387. 
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and  wOrde  bis  zor  H6he  0,791  •  18,9  ===  16,0  der  Strahl  Idscben.  Nach  Weisbachs 
Formel  (150  b),  die  sicb  auf  &hnlicbe  Abmessungen  bezieht,  wie  dieses  Beispiel,  w&re 

22,8  ^h  =  1,046  +  0,00087  •  22,8  +  0,000869  .  619,8  «  1,60  « 

and  daher  8  »-  16,2. 

Im  Auftrage  der  Techuischen  Eommission  des  Deutschen  Fener- 
wehrausschusses  hat  Weigand  Versuche  yorgenommen^  welche  onmittel- 
bar  den  Zusammenhang  zwischen  dem  Druck  in  der  Waaserleitang,  im 
Feuerpfosten^  der  Strahlweiie  und  dem  AusfluS  ergaben.  Er  gibt  z.  B. 
fUr  gummierten  Flachsschlaucb  folgende  Zahlen^): 


Schlaachdmr. 
44  mm 


Einfaober  Scblaacb 
P0  =  4,6  aim 


Pi 


P% 


X 


Zwei  Scbl&acbe 
p^  es  4,6  aim 


Pi 


Pt 


X 


Q 


atm 

2,8 
2,8 
8,2 
3,8 
8,0 

84 
8,2 
8,2 

8,1 

3,8 

3,4 
8,4 
8,4 
3,6 
3,4 
3,6 


atm 

2,2 
2,4 
2,8 
8,0 
1,0 

1,6 
2,0 
2,0 
0,3 
0,9 

1,8 
2,0 

0,6 
1,0 
1,7 


m 

27 

29 
81 
30 
21 
26 
27 
24 
16 
18 
20,6 

11 
16 
20 
19,6 


lmin~*i 

atm 

atm 

m 

326 

2.6 

1.6 

22,5 

276 

1  8,2 

8.8 

26 

226 

8,2 

2,7 

30 

176 

3,8 

8,6 

28 

275 

8,8 

1,1 

19 

210 

3,8 

1,6 

21 

190 

8,6 

2,8 

26,6 

140 

3,8 

2,9 

22 

200 

8,6 

0,8 

13,6 

185 

8,6 

0,9 

19,6 

165 

8,8 

1.6 

17 

136 

8,9 

2,3 

21,6 

160 

8,6 

0,0 

11,5 

150 

8,4 

0,6 

16 

146 

8,6 

0,9 

18 

140 

8,6 

1.7 

18 

lmin~' 

676 
680 
460 
326 
600 
426 
870 
270 
400 
880 
320 
800 
860 
816 
300 
266 


I  oi  Scblaacbl&nge,  d  =»  Offnungsweite  des  Mandstfickes,  Po  "^  manometrischer 
Cberdrack  in  der  Wasserleitong,  p^  desgl.  im  Feaerpfosten,  p^  desgl.  im  Strahl- 
rohransatz,  a;  =»  Strablweite ,  Q  »»  Ausflufimenge.  Bei  doppelter  Scblaucblegnng 
bat  jeder  Scblaacb  die  L9.nge  {,  and  spritzt  man  durcb  zwei  Strablrobre  je  y,  Q, 

Ein  75  mm  weiter,  300  m  langer  gammierter  ScbJauch,  der  sich  in 
zwei  gammierte  Schlaache  von  je  15  m  Lange  und  44  mm  Weite  ga- 
belte^  gab  mit  p^  »=  4,5  atm  tFberdruck  ftir 

d  —  18  mm  Pi  —  3,0  atm  p^ «  1,1  atm  a;  =  25  m 
16                   2,9                   1,5  24 

14  3,4  2,0  24 

12  3,4  2,4  27 

10  3,7  3,0  27 


^-5001min-^ 
425 
400 
310 
250 


1)  Feuerspritze  (1906)  Kr.  8;  seit  1906  jftbrlicb  in  Bandana  Feaerwebr- 
kalender,  woselbst  aucb  Angaben  fOr  44  mm  weiten  Robbanf scblaacb  and  fOr 
76  mm  weiten  gammierten  Hanfscblaacb. 
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IX.  Ausflnfl  dnrch  Ofinnngen 


«/ 


79.  Beziehting  von  Ausflufi  und  Uberfall.  Wenn  man  bei  einem 
AusfluB  aus  einer  rechteckigen  Offnung  in  lotrechter  Wand  durch  Ver- 
minderung  des  Zulaufes  den  Wasserspiegel  standig  senkt,  so  reifit  sich, 
wie  Hegly^)  bemerkte^  der  Strahl^  noch  ehe  seine  Oberflache  bis  znr 
oberen  Offnnngskante  gesunken  ist,  plotzlich  von  letzterer  los^  wobei 
sich  der  Spiegel  ein  wenig  senkt.  Wenn  man  umgekehrt  bei  einem 
t)l)erfall  durch  Steigerung  des  Zuflasses  die  Strahloberflache  standig 
hebt,  so  erfolgt  die  RUckwandlung  in  die  AusfloBersclieinnng  mit  einer 
plotzlichen  Hebung;  nnd  zwar  bei  einem  hoheren  Wasserspiegel  als  die 
friibere  Wandlung.  Wenn  der  Spiegel  also  zwischen  gewissen  Grenz- 
lagen  liegt,  kann  das  Wasser  sowohl  einen  Ausflufi,  als  aucb  einen 
tJberfall  bilden.  Bei  einer  Offiiung  von  20  cm  Hobe  und  80  cm  Breite 
befinden  sich  beispielsweise  die  Grenzlagen  (in  5  m  Abstand  von  der 
Ofibung  gemessen)  0^248  und  0,228  m  tiber  der  Unterkante  fiir  den 
„AusfluB''  bzw.  0,234  nnd  0,223  m  far  den  „Uberfall",  wobei 

0,228-0,223  =  0,005    und    0,248  -  0,234  -  0,014  m 

die  erwahnte  plotzliche  kleine  Senkung  bzw.  Hebung  bei  der  Umwand- 
lung  vorstellt. 

Wenn  der  tTberdruck  in  einem  zylindrischen  AusfluBrohr  immer 
kleiner  wird,  so  hort  das  Wasser  schlieBlich  auf,  einen  Strahl  zu  bilden, 
und  fallt  statt  dessen  fiber,  wobei  der  Rohrrand  die  Rolle  einer  kreis- 

formigen  tFberfallkante  spielt.  Fiir  die  genannten 
zwei  Ausstromweisen  gelten  verschiedene  Gesetze, 
zwischen  welchen  nor  ein  kurzer  l^ergang  stattr 
findet.  F.  E.  Lawrence  und  P.  L,  Braunworih^)  be- 
fafiten  sich  mit  dieser  Frage.  Sie  brachten  etwas 
unter  der  Rohrkante  eine  mit  offener  Spitze  endi- 
gende  (sog.  Pt^^sche)  Rohre  an,  die  sie  mit  einem 
U -formigen  Manometerrohr  verbanden.  DieErhebung 
des  Wassers  im  Manometer  uber  der  Rohrkante  (oder  eigentlich 
{Iber  der  bei  voUem  Rohr  infolge  der  Oberflachenspannung  ein 
klein  wenig  hoheren  Spiegelmitte)  fafiten  sie  als  Druckhohe  h 
auf,  und  fanden,  dafi  bei  Angabe  des  Ausfiusses  Q,  des  Rohr- 
durchmessers  D  und  der  Druckh5he  h  in  MetermaB  (bzw.  englischem 
FuBmaB)  fur  A  =  0  bis  0,388  D^^ 

(153)  Q  -  5,34  2)i»2»  ^^.w  (bzw.  -  8,8  D^^  h}^) 

ist;  daB  dann  ein  tTbergangszustand  eintritt,  bis 

A  =  0,143  2)^03 


I. 

h 


D 


U 


1)  Paris,  C.  R.  122  (1896),  S.  917. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  67  (1906),  S.  266.    Formeln:  S.  288,  290. 
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wird  und  dafi  hierauf  das  nene  Gesetz 

(153  a)  Q^  3,44D«»o«  *«'»»  (bzw.  -  5,842)«»o»'^  h^^^) 

gilt.  Die  Yerfasser  sagen  femer,  dafi^  wenn  der  Wechsel  plotzlich  statt 
allmahlicli  erfolgen  wiirde,  er  fiir 

h  «  0,559  2)i'»i 

stattfande.  Da  fUr  die  Hohe  h  des  plotzlichen  Wechsels  sowohl  (153a) 
als  auch  (153)  gelten  mUfiten,  ergibt  die  Rechnung  fQr  diesen  Fall 
immerhin  etwas  abweichend 

3,44  2)«'0««  hP^^  -  5,34  B^*^  A»'29 
oder 

0,644 1>>»7»«  =  A».'«     Oder    h^O,b&im^\ 

Die  Gleichungen  (153)  und  (153  a)  bleiben  trotzdem  fur  die  rich- 
tige  Abschatzung  des  Ausflusses  artesischer  Bohrungen  von  Belang,  bei 
denen  man  bisher  nur  an  den  Strahl,  nicht  an  den  ^berfall  dachte^  sowie 
fQr  die  Beurteilung  einer  Speisung  durch  aufsteigende  Rohren. 

80.  Ausflufi  unter  Wasser.  Erfolgt  ein  Ausfiufi  unter  Wasser  und 
liegen  die  Spiegel  in  den  Hohen  \  und  \  fiber  der  Offhung,  so  ware 
nach  dem  JSemou^^ischen  Theorem  die  Ausflufigeschwindigkeit 

(154)  V^y2gjh,'^~\). 

Auch  hier  findet  eine  Einschntirung  statt  und  betragt  der  Ausfiufi  durch 
eine  Offnung  Tom  Querschnitt  f 

(154  a)  Q  -  l^fV^^JK^K) 

mit  fi  als  AusfiuBkoeffizient.  Dieser  ist  stets  kleiner,  als  wenn  das 
Wasser  durch  dasselbe  Mundstiick  in  freie  Lufi;  fliefit.  Das  Verhaltnis 
beider  Koeffizienten  betragt  nach  J,  Weisbach^)  im  Mittel  0,986.  Nach 
P.  Richdmy^)  zeigte  sich  allerdings  bei  13,5  weiter  kreisformiger  sowie 
bei  13,5  und  22,6  cm  weiter  quadratischer  O&ung  die  Abnahme  grofier. 
K.  W,  Bomemann^)  haute  in  ein  Gerinne  von  1,14  m  Breite  zwei 
kleine  Griessaulen  ein,  welche  die  Offnung  auf  b  ^  1,01  m  verringerten, 
legte  eine  43  mm  starke  Schtltze  gegen  die  Griessaulen  und  mafi  den 
DurchfluB  bei  Schiitzenhuben  a  Yon  0,034  bis  0,174  m.  Leider  standen 
ihm  nur  0,135  m*  see"  ^  Wasser  zur  VerfUgung.  Er  fand 

1)  Untersuchnngen  aus  dem  Gebiete  der  Mechanik  u.  Hydraulik,  2.  Abt., 
Leipzig  1843,  S.  80. 

2)  Torino,  Memorie  (2)  15  (1865),  S.  117. 

8)  Civilingenieur  (2)  17  (1871),  S.  54.  Einwendungen  Linnenbrugges^  ebenda 
(2)  26  (1879),  S.  26,  widerlegte  Bofn€mam)  in  M.  RuMmanna  Hydromechanik, 
2.  Anfl.,  Hannover  1880,  S.  747. 
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IX.  Angflufi  durch  Offnniigeii 


(164b)  Q  -  (0,6378  +  0,30^^^^)  a 6 1/25,(^^-/4), 

worin  h^  die  Hohe  des  Oberwassers,  \  die  des  Unterwassers  fiber  der 
durcblaufenden  Sohle,  also  A,—  0,5a  die  Gegendruckhobe  auf  die  OflF- 

nungsmitte  bedeutet,  und  er  \  dort  mafi,  wo  der 
Unterwasserspiegel  seine  groSte  Erhebung  zeigte 
und  beruhigt  war. 

Dorch  den  grofien  Mafistab  des  benutzten  Ban- 
werkes  zeichnen  sich  die  Untersuchungen  aus^  die 
G.  B.  Stewart^)  vomahm.  Er  liefi  das  Wasser  durch 
Eastenrohren  yon  1,22  m  Breite  und  Hohe,  aber 
hocbst  yerschiedener  Lange  ausfliefien.  Letztere 
wechselte  namlich  yon  nur  0,94  bis  4,27  m.  An 
die  Wand  des  Speisebeckens  (oder  ricbtiger  Speiseganges,  da  er  nur 
3,05  m  Breite  und  eine  abnliche  Tiefe  hatte)  stiefi  das  Kastenrobr  bei 


^y/J//////Ji 


V/////////////yy/////y/jrx. 


'^^y//////////^////////////. 


\ 


\b 


A 


__ 


-i= 


^ 


-4  1 


^ 


d 


n 


einigen  Yersucben  an,  wahrend  es  bei 
anderen  mit  Fiihrungen  in  das  Speise- 
becken  hineinragte.  Je  nacbdem  keine, 
einfacbe,  doppelte,  drei-  oder  viersei- 
tige  Fabrung  yorhanden  war,  sei  die 
Form  mit  A,  a  b,  c  oder  d  bezeich- 
net;  endlich  bezeicbne  e'  die  Form  c 
mit  der  Beigabe  einer  Abschlufiwand 
im  Wasseraufnahmegang,  in  welchen 
bei  den  Form  en  A,  a,  b,  c  und  d  das 
Kastenrobr  frei  hineinragte.  Die 
Fiihrungsflachen  waren  als  Zylinder- 
flachen  mitViertelellipsen  yon  61  und 
91  cm  Halbachsenlange  als  Leitlinien 
ausgebildet.  Bei  allseitiger  Fuhrung, 
der  Form  d,  bildete  diese  daher  einen 
yierkantigen  Trichter  yon  2,44  m  Ein- 
lauf  breite  und  -Hohe.  Im  Speisegang 
schwankte  die  Geschwindigkeit  Uq 
zwischen  etwa  0,08  und  0,15  m  sec~^, 
war  also  nicht  grofi.  Immerhin  wurde 
als  Druckhohe  die  Summe  aus  dem 
Spiegelhohenunterschiede    h     (yom 


1)  Investigation  of  flow  through  large  Bubmerged  orifices  and  tabes  1  «■  Bulle- 
tin of  the  uniyersitj  of  Wisconsin  216,  Madison  1908. 
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U  * , 
Speise-  und  Au&ahmegaDg)  nnd  der  GeBchwindigkeitshohe  -  ^-  im  Speise- 

gang  betrachtet.    Die  Zahlen  der  nachfolgenden  Tabelle  beziehen  sich 
auf  die  Formel 


und 


worin  F  den  Eastenrohrquerschnitt  and  U  die  mittlere  Oescbwindigkeit 
im  Kastenrohr  »  Q  :  JP  ist.  Da  hiemacb  ^  nicbt  nur  den  Yerlast  im 
Rohr^  sondern  aucb  die  Vernicbtung  der  Gescbwindigkeitshobe  im  Anf- 
nahmegang  umfafit^  nimmt  es  yergleichsweise  groBe  Werte  an. 


Drack- 

h5hen- 

Terlust  h 

in  cm 

Form 

Ausflnfikoeffizient 

/* 

WiderBtandskoef&zient  £^ 

LSj3ge 

des  Kastenrohres  ohne 

Ftlhrung  in  m 

0,094 

0,76 

1,52 

4,27    1 

0,094 

0,76 

1,52 

4,27    ■ 

1 

A 

0,63 

0,76 

0,80 

0,88 

2,66 

1,73 

1,58 

1,46 

a 

0,67 

0,74 

0,80 

0,84 

2,26 

1,85 

1,56 

1,48 

1.6 

b 

0,73 

0,76 

0,82 

0,85 

1,86 

1,78 

1,48 

1,88 

c 

0,82 

0,76 

0,86 

0,88 

1,48 

1,73 

1,34 

1,80 

d 

0,93 

0,93 

0,98 

0,92 

1,15 

1,10 

1,17 

1,19    j 
1,62 

I 

A 

0,61 

0,71 

0,76 

0,79 

2,70 

1,97 

1,76 

1 

a 

0,63 

0,69 

0,77 

0,79 

2,61 

2,09 

1,72 

1,60    1 

i     8 

b 

0,68 

0,71 

0,78 

0,80 

2,17 

1,97 

1,63 

1,56 

c 

0,76 

0,71 

0,82 

0,83 

1,71 

1,97 

1,50 

1,46    1 

i 

t 

d 

0,92 

0,90 

0,89 

0,88 

1,19 

1,24 

1,27 

1,29 
1,62 

1 

1 

1 

A 

0,61 

0,70 

0,76 

0,79 

2,73 

2,08 

1,77 

a 

0,63 

0,68 

0,76 

0,80 

2,55 

2,U 

1,78 

1,58 

*.6 

b 

0,67 

0,70 

0,78 

0,81 

2,22 

2,08 

1,65 

1,54    1 

c 

0,76 

0,70 

0,81 

0,83 

1,74 

2,08 

1,49 

1,46 

d 

0,92 

0,90 

0,89 

0,88 

1,17 

1,24 

1,27 

1,28 

A 

0,61 

0,71 

0,76 

0,80 

2,78 

2,01 

1,73 

1,56    1 

1 
1 

a 

0,63 

0,69 

0,77 

0,81 

2,54 

2,11 

1,69 

1,52    1 

;    6,1 

b 

0,67 

0,71 

0,79 

0,82 

2,21 

2,01 

1,61 

1,47 

e 

0,76 

0,71 

0,83 

0,86 

1,71 

2,01 

1,46 

1,40    1 

1 

d 

0,94 

0,91 

0,90 

0,89 

1,14 

1,21 

1,24 

1,25 
1,49 

j 

A 

■    0,61 

0,71 

0,78 

0,82 

2,72 

1,96 

1,66 

1 

a 

0,68 

0,70 

0,78 

2,52 

2,04 

1,63 

1        7>6 

b 

0,68 

0,71 

0,80 

— 

2,18 

1,96 

1,66 

1 

€ 

0,77 

0,71 

0,86 

1,68 

1,96 

1,40 

' 

d 

0,95 

0,93 

0,92 

1 

1,10 

1,17 

1,1» 

1 

1,41    1 

■ 

A 

0,61 

0,78 

0,79 

0,84 

2,69 

1,90 

1,61 

a 

0,64 

2,48 

— 

1       9,1 

b 

0,68 

1 

1      — 

— 

2.14 



c 

0,78 

1,64 

— 

—     1 

d 

0,97 

[                  

•— 

— 

1,06 
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Die  Form  c   gab  bei  4,27  m  Eastenrohrlange  bei  einem  Druck- 

hohenverlust 

A  «  1,5  cm        ^  «  0,87         £^  «  1,31 

3  0,82  1,49 

4,6  0,82  1,49 

6,1  0,84  1,43 

Anch  der  Austritt  von  Wasser  in  Wasser  erfolgt  wie  der  von 
Wasser  in  Luft  dnrch  einen  Strahl,  der  schliefilich  durch  die  Reibungen 
zeretort  wird.  C.  WeigeU^)  lieB  gefarbtes  Wasser,  so  wie  gefarbte  Lo- 
sungen  mit  10,  20  nnd  30  Prozent  Eochsalz  unter  y^  m  nnd  nnter  4  m 
Uberdruck  in  ungefarbtes  Wasser  von  0,1,  0,2,  0,3  und  0,6  m  sec"  ^ 
Sfcromungsgeschwindigkeit  fliefien  nnd  die  entstehenden  Strenkegeln, 
welche  dem  aus  Scbomsteinen  stromenden  Ranch  sehr  ahneln,  photo- 
graphieren.  Mit  der  Entfernnng  von  der  AnsflufisteUe  worde  der  Umrift 
immer  weUiger  und  ilockiger  tind  zwar  schien  die  Mischung  mit  dem 
farblosen  Mittel  bei  der  lOprozentigen  Losnng  am  raschesten  vor  sich 
zu  gehen.  C.  Weigdt  hofft,  daB  aus  solchen  Yersuchen  Schltisse  auf  die 
Mengung  von  Abwassern  mit  Flufiwasser  gezogen  werden  konnen.  Das 
scheint  moglich;  doch  miifite  vorher  mindestens  gepriift  werden,  ob  die 
Verbreitung  des  Salzes  so  wie  die  des  Farbemittels  erfolgt. 

LaBt  man  etwas  (gefarbtes)  Wasser  in  ruhiges  (ungefarbtes)  unter 
einem  Druckunterschied  von  wenigen  Millimetem  durch  OfiFhen  und 
SchlieBen  eines  Hahnes,  also  durch  kurze  Zeit,  treten,  so  nimmt 
der  eingetretene  Teil  eine  an  den  ^eu^tonschen  Eatarakt  (siehe 
S.  276)  erinnemde  pilzahnliche  Gestalt  an^).  Die  Reibung  an  den 
Seiten  verursacht  dabei  ein  Wirbeln  der  Hutkrempe.  Wieder- 
holung  eines  solchen  Yorganges,  also  stoBweiser  Wassereintritt, 
kann  dabei  bewirken,  wie  E.Reusch^)  beobachtete,  daB  der  neue 
Strahl  einen  Kegel  ungef  arbten  Wassers  vor  sich  her  durch  die 
Hutmitte  treibt,  wodurch  nur  ein  Wirbelring  iibrig  bleibt,  der  den  be- 
kannten  Rauchringen  gleicht. 

Den  Zusammenstofi  zweier  StroMen  hat  F.  Savart*)  beobachtet. 
Treffen  sich  zwei  einander  entgegengerichtete,  wagrechte,  gleich  dicke 
und  schnelle  zylindrische  Strahlen,  so  entsteht  eine  fast  kreisrunde  lot- 


1)  Z.  f.  Gew^serk.  6  (1903),  S.  288. 

2)  A.  Overbeck,  Ann.  PhyB.  Chem.  N.  F.  2  (1877),  S.  6  u.  f.  G.  Kdtgchau 
setzte  die  Yersuche  fort,  ebenda  N.  F.  26  (1885),  S.  580 f.  K,  Mack  photogra- 
phierte  die  Gebilde,  ebenda  N.  F.  68  (1899),  S.  188.  Yerwandte  Literator:  F.  Aner- 
b(ich  in  A.  Winkelmannu  Handbnch  der  Phjsik  1,  2.  Aufl.,  Leipzig  1908,  S.  1069. 

3)  Ann.  Phys.  Chem.  (4)  20  (1860),  S.  309  u.  f. 

4)  Ann.  phys.  chim.  55  (1833),  S.  257  f. 
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rechte  Scheibe.  Der  Yersuch  laBt  sich  durch  Anderung  der  Offnongs- 
durclimesser  der  Drackhohen  und  der  gegenseitigen  Lage  der  Strahlen 
abandem  und  liefert  dann  eine  groSe  Zahl  yerschiedener  Gebilde^). 

81.  Der  AusfluBwiTbeL  Wird  ein  zylindrisches  GefaB  durcb  eine 
kleine  Bodenoffiiung  langsam  entleert,  so  sinken  nacb  Beobacbtnng  von 
O.  Tumlirz*)  die  Spiegelteilcheu  lotrecht  nieder^  ohne  dafi  der  Spiegel 
merklich  uneben  wiirde.  Bei  yergleichsweise  grofierer  Offhung  entsteht 
dber  letzterer  in  der  Begel  ein  Senkungstrichter^  in 
welchem  das  Wasser  wirbelt.  Ein  solcher  lafit  bei 
Vemachlassigang  der  Reibung  unter  Annahme  kreis- 
fdrmigerBabnen  (vom  Radius  r)  eine  einfacbe  mathe- 
matiscbe  Behandlung  zu.  Dem  Bemotdlisckeii  Theo- 
rem gemafi  mufi  in  der  Tiefe  z  unter  dem  ursprting- 
lichen  Spiegel,  wenn  auf  die  Tricbterfiache  der  Druck  p^  wirkt,  fiir  den 
Druckjp  im  Innem  —  wenn  r^  den  Halbmesser  des  Trichterrandes,  u  die 
Gescbwindigkeit  im  allgemeinen,  Uq  jene  am  Trichterrand  bedeutet  — 

(155)  P-=^^  -''-"" 

Oder 

(155  a) 


=  j8?  — 


^9 


dp 
dr 


Y      du 
9      dr 


gelten.   Das  Gleichgewicht  der  wagrechten  Erafte  yerlangt,  daB  die 


Fliehkraft 


ytt* 
~9^ 


dp 
dr 


sei,  woraus  in  Yerbinduug  mit  (155  a) 

du       d{ru) 


u  +  r 


oder 

(155  b) 


dr 


U 


dr 


-0 


Wo'^o 


henrorgeht.    Das  bedeutet,  daB  die  Gescbwindigkeit  dem  Halbmesser 
yerkehrt  proportional  ist,  wie  sebon  Leonardo  da  Vind^) 
behauptete  und  G.B,  Venturi  bestatigt  hat.  Fiir  die  Trichter- 
oberflache  (j9  =-=i>o)  ^^^g*  ^^^  0-^^)  ^^^  (155  b) 


2g  2g     \r^         r^*) 


1)  G.  Magnus  in  Ann.  Pbys.  Ghem.  (4)  5  (1865),  S.  6f. 

2)  Wien,  SitKnngsberichte  106'*  (1896),  S.  1024. 

3)  G,  B.  Venturi,  Essai  snr  lea  ouyiages  phjaico-math^matiqnes  de  Leonard 
de  Yinci,  Paris  1797,  S.21.  Bezugl.  weiterer  Literatur  tLber  Bewegnngen  im  sich  ent- 
leerenden  Gef&fie  sei  a,xif  Ph.Forchheimer,  Enzykl.  d.  math.  Wiss.,  4.  Bd.  Meehanik, 
3.  Teilbd.,  S.  406  f.  verwiesen. 
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Bei  Vermeidung  jedes  Anlasses  zu  exzentrischen  Bewegungen  gelingt 
es  librigens^  wie  A,  Budau  beobachtet  hat^  das  Wasser  ohne  Wirbel- 
bildnng  zum  AbfluB  zu  bringen.^)  6arch  die  Fliehkraft  des  Wirbels 
wird  das  Wasser  yon  der  OfiEaung  weggedrangt  uud  die  Druckhobe  rer- 
kleinert,  daber  auch  die  Ausflnfimenge  yerringert.  Sie  fallt  dement- 
sprechend  noch  kleiner  aus,  wenn  man  das  Wasser^  ehe  der  Abflufi  be- 
ginnt;  schon  in  kreisende  Bewegung  setzt,  wie  ebenfalls  Budau  beob- 
acbtet  hat  —  Bei  AusfluB  aus  einer  Wandoffiiung  in  der  Tiefe  h  setzt 
sich  die  Umlaufgescbwindigkeit  v  mit  y2gh  nach  dem  Erafteparallelo- 
gramm  zusammen. 

X.  Der  t)rberfUl. 

83.  Vollkommener  tJberfall  ohne  seitliohe  Strahleinsw&ngon^ 
bei  Bcharfer  Xante  nnd  freiem  StrahL  Wenn  die  Offhuug,  durch  die 
Wasser  aus  einem  GefaBe  tritt^  bis  fiber  den  Spiegel  reicht^  pfiegt  man 
die  Erscheinung  als  ^erfall  zu  bezeichnen.  Der  erste,  der  sich  mit 
diesem  Yorgang  befaBte,  war  der  Marchese  G.  Poleni^,  welcher  den 
Wandausschnitt  des  'Oberfalles  als  eine  Anzahl  aneinander  stoBender 
dffiiungen  auffaBte  und  sich  sowohl  auf  den  yollkommenen  tTberfall  mit 
Austritt  in  freie  Luffc  als  auch  auf  den  unyoUkommenen,  bei  welchem 
ein  Teil  des  Ausflusses  unter  Wasser  erfolgt  (yon  ihm  motus  mixtus 
genannt)^  einlieB.  Nennt  man  die  Spiegel  zu  beiden  Seiten  des  ^er- 
faUes  Ober-  und  Unterwcisserspiegel,  so  liegt  bei  dem  yollkommenen 
tJberfall  der  Unterwasserspiegel  tiefer,  bei  dem  unyollkommenen  tTber- 
fall  hoher  als  die  niedrigste  Stelle  der  tfberfallkante  oder  des  t)l)erfall- 
rtickens  (WehrriickenS;  Wehrkrone).  Bei  Polenis  Auffassung  kann  man 

-_^  I 1..      sich  bei  yoUkommenem  tFberfall  aus  einem 

'\  ^\  r      ^ *j   ^    rechteckigen  Wandausschnitt  (der  die  Hohe  h 

'   ■  Y r^^""n   t    zwischen  der  wi^rechten  Kante  und  der  Ober- 

\  ilache,  sowie  die  Breite  &  in  m  habe)  diesen  in 

wagerechte  Streifen  zerlegt  denken.  Aus  einem  in  der  Tiefe  s 
unter  dem  Oberwasserspiegel  gelegenen  solchen  Streifen  flieBt  dann  se- 
kundlich,  wenn  man  zunacbst  yon  einem  AusfluBkoeffizienten  absieht^ 

bd0y'2g^, 

und  aus  dem  ganzen  Ausschnitt  unter  Beigabe  eines  AusfluBkoeffizienten  ft 
die  Menge  a 

(166)  Q^ii  fh  yfgzdz  =  y  fi  6A  Y2gh . 


1)  Die  betreffende  Anordnung  befindet  sich  in  seinem  Laboratorinm  in  Wien. 

2)  De  motn  aqnae  mixto,  Patavii  1717;  italienisch  in  Raccolta  d'antori,  che 
trattano  del  moto  dell*  acqua  2.  ed.  3,  S.  804,  Firenze  1767. 
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Unmittelbar  tlber  der  Wehrkrone  weist  der  Spiegel  bereits  eine  Senkung 
auf  und  besitzt  das  Wasser  sefaon  eine  Geschwindigkeit.  Es  ist  daher 
logisch  und  geschah  yon  alien  Forscbem,  unter  h  den  Hohenabstand 
zwischen  der  Wehrkrone  (Wehrrticken  oder  -kante)  und  solchen  Spiegel- 
punkten  zu  yerstehen^  an  denen  der  Spiegel  noch  keine  merklicbe 
Senkung  aufweist.  Die  theoretische  Scbwierigkeit;  dafi  der  Spiegel  dber- 
haupt  im  Gefalle  liegt^  ist  bei  der  GeringfQgigkeit  des  letzteren  prak- 
tisch  nicht  yorhanden. 

Die  ersten  beachtenswerten  Versuche^)  maehte  L.  O,  du  Suat^),. 
welcher  mit  iD^berfallhohen  h  yon  0,045  bis  0^178  m  arbeitete  und  das 
ft  der  Formel  (156)  =»  0,652  fand.  Weitere  Versuche  nahmen  Brindley, 
SmecUon,  Christian,  Kypke^)  (auf  Veranlassung  Eiftelweim)  und  Bidone^} 
yor.  Aus  Eypke^  Messungen  ging  ein  Mittelwert  ft  =«  0,629  heryor,. 
wabrend  Bidone  bei  rings  scharfer  Kante  ft »  0,605  fand.  Die  Versuche, 
die  J,  V.  Ponceld  mit  J.  A,  Lesbros  begann  und  letzterer  aUein  fortsetzte^), 
beschrankten  sich  zwar  auf  die  Breite  b  »  0,2  m,  waren  aber  dafiir  zahl- 
reich  und  sorgf  altig.  Spatere  Versuche  Casids,  welche  sich  bei  0,36  und 
0,74  m  Gerinnebreite  yon  0,01  bis  0,36  und  0,74  m  tTberfallbreite  und 
yon  0,03  bis  0,24  m  tl^berfallhdhe  erstreckten,  gaben  zur  EinfQhrung  der 
Zulaufgeschwindigkeit  in  die  Formel  fur  die  tTberfallmenge  Anlafi.  Es 
ist  klar,  dafi  die  Zulaufgeschwindigkeit,  welche  yom  Gefalle  im  Zulauf- 
gerinne  herrilhrt,  den  Ergufi  Q  erhoht,  dafi  also  ein  schmaleres  Zulauf- 
gerinne  bei  gleicher  Hohe  h  und  Breite  b  mehr  Wasser  lififert,  wie  ein 
breiteres.  J,  F.  D'Auhuisson  de  Vaisins^)  leitete  nun  aus  Castds  Messungen 
yerschiedene  Formeln  ab,  die  aber  nicht  so  klar  erscheinen  wie  nach- 
stehende  Aufstellung  J,  WeisbachsJ) 

Hat  das  Wasser  eine  mittlere  Ankunftsgeschwindigkeit  U,  so  tritt 
zu  jeder  Druckhohe  0,  wenn  man  dariiber  hinwegsieht,  dafi  die  Einzel- 
geschwindigkeiten  der  Teilchen  mit  der  mittleren  Geschwindigkeit  nichi 


1)  BezQglich  der  geschichtlichen  Darstellang  eei  auf  M.  Riiklmann,  Hjdro- 
mechanik,  2.  Anfl.    Hannover  1880,  S.  200  yerwiesen. 

2)  Principes  d*hydraulique  Paris  1779,  in  der  Ausgabe  yon  1816  in  tome  2* 
N.  409—416. 

3)  EyUlwein,  Handbnch  der  Mechanik  fester  E5rper  u.  Hydranlik,  2.  Anfl.^ 
S.  128, 

4)  Torino,  Memorie  28  (1824),  S.  295. 

6)  Paris,  M^m.  pres.  par  div.  sav.  3  (1882),  S.  352,  18  (1852),  S.  60,  79  f. 

6)  Traits  d'hydranliqne,  2.  ^d.,  1840,  8.  76.  Ann.  chim.  phys.  62  (1836),  S.  118. 
Er  zitiert  M^m.  de  TAcad.  de  Sciences  de  Toulouse  4  (1837). 

7)  Hiafien  Maschinen-Enzyklop&die,  Leipzig  1841, 1,  S.  478.  Dafi  sich  stellen- 
weise  zu  gprofie  Angaben  von  ^  finden,  betonte  W,  Heyne,  Z.  d.  Ost.  I.  a.  A.Y.  54 
(1902),  S  887. 
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ganz  ^bereinstimmeii;  noch  eine  Geschwindigkeitshohe  y    hinzu.    Das 
Integral  lautet  also  nunmehr 


z 


0 

und  der  AusfluB  findet  sich  zu 

(166.)     «.iMy2T[(»+?^r-(gr], 

wofQr  man,  wenn  U  klein  ist,  wie  es  zumeist  zutrifft,  auch 
<156b)    ^  =  |,t&/27(A  +  Q"^*-|^6V'2(7  (A  +  0,051  Uy- 

schreiben  kann. 

Die  Anwendbarkeit  dieser  nnd  ahnlicher  Formeln  hangt  wesentlich 
Yon  der  Kenntnis  der  yerschiedenen  fi  ab^  und  da  ist  zunachst  die  An- 
ordnung^  bei  welcher  das  Zulaufgerinne  breiter  als  der  Wandausschnitt 
ist,  wodurch  der  Strahl  eine  Einscbniirung  erfahrt,  von  dem  tJberfail- 
wehr  zu  unterscheiden,  das  in  das  Gerinne  eingebaut  ist,  so  dafi  die 
<7erinnewande  Fuhrungen  bilden.  Das  Wehr  selbst  kann  eine  scharfe 
Eante  oder  einen  flachen  oder  abgerundeten  Rdcken  besitzen.  Die  in 
ein  Eastengerinne  eingebauten  Wehre  mit  lotrechter  Wand  und  scharfer 
Xante  sind  am  haufigsten  untersucht  worden,  weil  sie  die  einfachste, 
stets  genau  herstellbare  Form  besitzen.  Sie  werden  deswegen  zur  Wasser- 
messung  benutzt,  daher  es  bei  ihnen  ganz  besonders  auf  eine  genaue 
Kenntnis  des  Eoeffizienten  fi  ankommt.  Dabei  ist  es  von  Wesenbeit, 
dafi  unter  dem  Strahl  (der  Nappe)  atmospharischer  Druck  berrsche,  was 
sich  durch  eine  Yerbindung  des  Raumes  unter  dem  Strahl  mit  der 
Aufienluft  erzielen  lafit.  Es  bildet  sich  dann  bei  unbehindertem  Abflufi 
des  iiberfallenden  Wassers  der  freie  oder  gduftete  StrcM  (nappe  libre 
Bazins), 

Zu  den  sorgf  altigsten  Yersuchen  iiber  den  freien  Strahl  ohne  seit- 
liche  Einschntlrung  bei  lotrechter  Wehrwand  mit  scharfer  wagrechter 
Eante  gehoren  die  von  J.  B,  Francis^)  1852  durchgefuhrten,  welche 
aber  nur  Uberfallhohen  h  von  etwa  0,2  bis  0,3  m  umfafiten.  Beziiglich  der 
Ankunffcsgeschwindigkeit  halt  Francis  an  der  Weishach^c^en.  Auffassung 
fest,  und  so  lautet  seine  Formel  in  engl.  Fufimafi 


«-S,33»[(»+|)--(f)--] 


1)  /.  B,  Francis,  Lowell  Hydraulic  EzperimentcL    Nach  der  4.  Anfl.  (1888) 
gibt  F,  Frese,  Z.  d.  V.  deutsch.  In^.  34  (1890),  S.  1871  die  Daten  wieder. 
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289 


oder  in  metrischem  Mafi,  wenn  man  zugleich  bedenkt,  dafi  bei  toII- 
kommener  seitlicher  Fiihrang  das  Wasser  gleichmafiig  langs  des  ganzen 
Wehres  ilberf allt, 

(157) 


«-l,838[(.  +  Q"--(Q"*], 


worin  q  die  Wassermenge  in  m'sec~*  bezeichnet^  die  pro  m  Wehrkante 
tLberfallt,  also  als  m'sec~^  aufzufassen  ist. 

Umfassendere  Beobachtungen  nahm  Bcufin^)  ror,  der  you  %  »  8 
bis  fiber  50  cm  vorschritt.  Er  ging  vom  Ausdruck  (156  b)  aus,  den  er 
yerbesserte,  indem  er  mit  Biicksicht  auf  die 
iingleicbmaBige  Yerteilnng  der  Geschwindig- 
keiten  fiber  den  Querschnitt  den  Eoeffizienten 
Yon  V^  erbohte.  Er  setzte  also  mit  a  >  1  den 
tJberfall  pro  m  Wehrlange 


q.^l.hy2gh{l  +  a-Q''' 


Fxeie  Nappe. 


Bei  Entwickelung  des  letzten  Gliedes  in  eine  Reihe  wird  hierauS;  wenn 
man  die  hoheren  Potenzen  des  kleinen  Brucbes  r— ^  Yemachlassigt^ 

(158) 


j=.|^/,>/2^(l  +  i-aQ, 


worin,  wenn  sicb  der  Oberwasserspiegel  in  der  Hobe  H  fiber  der  Sohle 
befindet,  TJ  ^  q\H  oder  naherangsweise  «  2,08  A*/«:  H  gesetzt  werden 
10 cm  kann.  Aus  seinen  Yersuchen  leitete  Bazin  ab,  dafi  a^\ 
am  besten  entspreche,  welch  hoher  Wert  andeutet,  wie  bier 
|L*?^   bemerkt  werde,  dafi  die  Zulaufsgescbwindigkeit  nicbt  nur 

durcb  die  Geschwindigkeitshohen,  sondem  anch 
durcb  Anderung  der  Strahlform  die  Ausflufi- 
menge  q  erhoht.  Aucb  zeigte  sicb  ft  nicbt  immer 
gleich,  sondem  Yon  dertTberfallbohe  h  abbangig, 
und  zwar  ergab  sicb  fiir  h  mindestens  »  0,1  m 


fi  -  0,405  +  -^ - 


3 


r//////y7^////y////A  (158  a) 

Basini  CbexfAll. 

Hiermit  fdbrten  ibn  seine  Versuche  auf  die  fiir  h  und  H  in  Meter  und 
q  in  m*sec~^  geltende  Endformel 

(158  b)  g  -  [0,405  +  ^^^]  [l  +  0,55  >-.]  h  y2gh 


[1,794 +  ^'^«?][1  +  0,55^']AV,, 


1)  H.  Bazin,  Experiences  noavelles  sur  recoulement  par  ddvenioir,  Paris  1898. 

Forohheimer:  HjdzAulik  19 
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die  mit  einer  Genauigkeit  Ton  2  bis  3  Prozent  fur  h  zwischen  0,1  und 
0^3  m  dorch 

(158  c)         «  -  (0,425  +  0,212  ^*,)  h  y2gh  -  (l,89  +  0,94  ^,)  h 

ersetzbar  ist.  Die  Formel  (158  b)  gilt  fUr  voUkommene  tTberf alle  uber 
scharfe  Eanten  ohne  seitliche  Einschiiiirang,  und  zwar  bei  &eiem  Strahl. 
Auf  sie  bezog  Baein  alle  spateren  Untersucbungen  anderweitiger  An- 
ordnungen,  und  so  sei  nachstehend  aucb  seine  Zahlentafel  wiedei^egeben, 
die  dieser  Formel  entspricbt. 


Werte  von  q  :  hy2gh  iiir  Wehr 

bohen 

W. 

tberfaUh{)hen  h 

1 

1 

«?  = 

( 

'         in  Meter 

1    0,2  m 

0,3  m 

0,4  m 

0,5  m 

0,6  m 

0,8  m 

1,0  m   ■ 

1            ^'^ 

0,459 

0,447 

0,442 

0,439 

0,437 

0,435 

0,434 

0,12 

0,462 

0,448 

0,442 

0,438 

0,486 

0,433 

0,432 

1              0,14 

0,466 

0,450 

0,448 

0,488 

0,485 

0,482 

0,480 

1              0,16 

0,471 

0,458 

0,444 

0,438 

0  435 

0,431 

0,429    1 

1              0,18 

0,475 

0,456 

0,446 

0,439 

0,435 

0,431 

0,428 

1              0,2 

0,480 

0,459 

0,447 

0,440 

0,436 

0,431 

0,428 

1              0,22 

0,484 

0,462 

0,449 

0,442 

0,437 

0,481 

0,428    1 

i              0,24 

0,488 

0,465 

0,452 

0,444 

0,438 

0,432 

0,428 

0,26 

0,492 

0,468 

0,455 

0,446 

0,440 

0,432 

0,429    1 

0,28 

0,496 

0,472 

0,457 

0,448 

0,441 

0,433 

0,429 

1              0,8 

0,500 

0,476 

0,460 

0,450 

0,443 

0,434 

0,430 

1              0,32 

0,504 

0,478 

0,462 

0,452 

0,444 

0,436 

0,480    i 

1              0,84 

0,507 

0,481 

0,464 

0,454 

0,446 

0,487 

Q,481 

0,86 

0,510 

0,483 

0,467 

0,456 

0,448 

0,438 

0,432 

1              0,88 

0,513 

0,486 

0,469 

0,458 

0,449 

0,439 

0,432 

1              0,4 

0,516 

0,489 

0,472 

0,459 

0,451 

0,440 

0,483    ; 

0,42 

0,491 

0,474 

0,461 

0,452 

0,441 

0,484 

0,44 

0,494 

0,476 

0,463 

0,454 

0,442 

0,485 

!              0,46 

0,496 

0,478 

0,465 

0,456 

0,448 

0,435 

1              0,48 

0,498 

0,480 

0,467 

0,457 

0,444 

0,436 

1              0,5 

0,500 

0,482 

0,468 

0,459 

0,445 

0,437 

0,52 

0,502 

0,484 

0,470 

0,460 

0,446 

0,488    j 

0,54 

0,504 

0,485 

0,472 

0,461 

0,447 

0,489 

0,66 

0,506 

0,487 

0,478 

0,463 

0,449 

0,489  ; 

0,58 

0,508 

0,489 

0,475 

0,464 

0,450 

0,440 

0,6 

1 
1 

0,510 

0,491 

0,476 

0,466 

0,451 

0,441    1 

Nacb  F.  Frese^)  ist  q  filr  h  <  0,32  m  etwas  kleiner  und  ffir 
h  >  0,32  m  etwas  groBer  als  nacb  Baein,  denn  er  setzt  auf  Gh*und  der 
eigenen  und  der  Bajsinachen  Versucbe,  sowie  solcber  yon  H,  Castd, 
J.  A.  Lesbros,  J.  B,  Francis  und  A.  Ftdey  und  F,  P.  Steams,  deren  h 
ilbrigens  durcbweg  nicbt  fiber  die  Bazins  binausgingen, 

(169)  q  -  [0,410  +  -'"^-J  [l  +  0,55  ^\]  h  y2gh 


[1,816 +  ?^°^*][l  + 0,55  |;>v.. 


1)  Z.  d.  Y.  dentsch.  Ing.  44  (1890),  S.  1815. 
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Erheblichere  Tiefen  wurden  erst  yon  G.  W.  Bafter^)  angewendet. 
Die  AusrechniLDg  seiner  Angaben  in  metrischem  Mafi  gibt: 


1 

1  WehrhOhe 

'                       1 

1 1 

m 

tberfalls- 
hOhe  h 

2 
Koeffizient  —  ^|/2^« 

nach  MesBnng    {     nach  Bazin 

nach  Frese     1 

m 

m'*8ec""^ 

m'''»8ec""^ 

m*'^*sec"*^       1 

1,686        ' 
'         1,685        1 

1,586        1 
'         1,586 

1,586 

0,682 
0,806 
1,056 
1,303 
1,426 

1,84 
1,81 
1,87 
1,92 
1,94 

1,90 
1,92 
1,97 
2,01 
2,02 

1,92 
1,94 
1,99 
2,02 
2,04 

Zwiscben  ft  =  0,1  m  und  0,5  m  weichen  die  Formeln  von  Bazin 
and  Frese  2,6  bis  0  Prozent  voneinander  ab,  und  hiermit  ist  die  Zu- 
verlassigkeit  der  Formeln  innerhalb  ibres  Geltungsbereiches  gekenn- 
zeichnet^  der  sicb  nicht  weit  liber  die  Grenzen  der  zugrunde  liegenden 
Yersncbe  erstreckt.  Aufierhalb  des  Geltungsbereicbes  nimmt  die  Un- 
sicherbeit,  die  mit  dem  Gebraueh  von  tJberfallformeln  verbunden  ist, 
stark  zu.  Yon  den  angegebenen  Messnngen  Bafters,  deren  Ungenauig- 
keit  Bafter^)  auf  bocbstens  3  Prozent  scbatzt,  weicht  z.  B.  Frese  b  Aus- 
druck  bis  zu  5  Prozent  ab.  t)^brigens  verhalt  sicb  ancb  dasselbe  Webr 
bei  Wiederholung  eines  Yersuches  scbeinbar  nicht  wie  yorber,  was  sicb 
wesentlich  durcb  Ablesungsfebler  erklart.  Beispielsweise  fand  BasAn^) 
bei  seinem  Mefiwebr  yon  1  m  Breite  statt  einer  stetigen  Reibe  fiir 

ft « 0,233    0,243    0,250    0,256    0,269 
S  :  )/2^"  ft'/.  «  0,429     0,424    0,425    0,425    0,428. 

Bei  aller  Sorgfalt  bleiben  also  bei  t}^berfallboben  yon  0,2  bis  0,3  m  Ab- 
weicbungen  nntereinander  yon  1  y.  H.  nnyermeidlicb.  Bei  Ubertragung 
der  an  einem  Webr  gewonnenen  Erfabrungen  auf  ein  anderes  kommen 
weitere  Unterscbiede  dadurcb  binzu,  dafi  die  Gescbwindigkeitsyerteilung 
in  den  beiden  Zulaufgerinnen  nicbt  die  gleicbe  ist.  Infolge  der  nicht 
iibereinstimmenden  Gescbwindigkeitsyerteilung  in  schmalen  und  breiten 
Gerinnen  kann  die  Wehrlange  auch  nicbt  ganz  ohne  Einflufi  auf  die 
Wassermenge  sein.  Eine  gleichformige  Gescbwindigkeitsyerteilung  yer- 
mindert  die  gesamte  lebendige  Kraft  des  Wassers  und  mafiigt  besonders 
die  Oberflachengeschwindigkeit,  wodurch  die  Sprungweite  abnehmen 

1)  -R.  E.  Morion^  U.  S.  Geolog.  Survey,  Water-Suppley  and  Irrigation  Paper 
200,  Washington  1906,  8.  39,  nach  Bafter  S.  397. 

2)  Am.  Soc.  Civ.  Eng.  Tians.  44  (1900),  S.  394. 

3)  Ann.  d.  ponts  et  chaasB.  (6)  16  (1888*),  S.  408. 
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und  die  Strahlsenktuig  fiber  dem  Wehr  zunehmen  mnfi.  Darauf  ist  es 
wohl  zurilckzufuhren,  dafi  Th.  Behbock^),  der  Bemhigangssiebe  und  einen 
Schwimmrechen  in  ein  Gerinne  mit  Seitenwanden  aus  Spiegelglas  yer- 
senkte,  fQr  seine  geringen  h  yon  0^02  bis  0,18  m  kleinere  q  als  Frese 
und  Bazin,  namlich 

(160)  4  -  [0,406  +  j5^,rj  [l  +  0,66  '^J *,/2p» 

erhielt.  Fdr  gro£e  C^berfallbohen  h  w^de  diese  Formel  tlbrigens  un- 
wesentlich  grofiere  q  als  die  Ba/sina  ergeben.  Abnlicb  fand  W. Hansen^), 
der  nur  ein  6  m  langes  Zulaufgerinne  benutzte  und  durch  einen  Recben 
beruhigte,  bei  ungefahr  0,6  m  Wehrhohe  fflr  h  -  0,082  bzw.  0,29  m 
den  Eoeffizienten  f  ft »  0,415  bzw.  0,436  (und  lUinlich  die  Zwischen- 
werte),  wabrend  Bazin  hierfttr  0,447  und  0,445  hatte.  Spater*)  anderte 
Th.  Behbock  seine  Formel  in  die  zugleich  fiir  die  Verwendung  bandlichere 

(160a)  q  -  |[0,605  +  -J^,-  +  i.^-J ^^2^ 

-  [1,787  +  ^'^  +  0,246  ^-]*''. 

um,  welche  ebenfalls  mit  Bajsina  Gl.  (158  b)  bei  grofieren  t)^berfallhohen 
leidlicb  stimmt^  bei  kleinen  tTberfallhohen  aber  um  mehrere  Hundertstel 
kleinere  Werte  liefert.  Das  Jahr  1913  bracbte  die  abermalige  Ande- 
rung*)  in 

(160b)  q  -  |[0,605  +  ^„^-„;-_-3  +  0,08  ^]hV2gh 

-[l''^8^ +  1-06^-3 +  0.236  A]  A^.. 

Dafi  der  wirklicbe  Ausflufi  bei  tTberfallen  nur  etwa  0,6  des  naoh 
Poleni  berechneten  betragt,  kommt  nicht  yon  der  Reibung,  die  auf  der 
kurzen  Strecke  zwischen  der  SteUe,  wo  die  Spiegelsenkung  nocb  un- 
merklicb  ist,  und  jener,  wo  das  Wasser  fiberf allt,  geringf&gig  sein  mufi. 

1)  Festschrift  znr  Feier  usw.  heransg.  v.  d.  Grofih.  Technischen  Hochschule 
Fridericiana  (Karlsruhe  1900). 

2)  Z.  d.  v.  dentsch.  Ing.  86  (1892),  S.  1096. 

8)  Verhandlungen  der  Gesellschaft  deutscher  Naturforscher  u.  Arzte  83  « 
1911  (Leipzig  1912),  S.  140.  Zeitschr.  d.  Yerbandes  deutscher  Archit.  u.  Ingen.- 
Vereine  1  (1912),  8.  10. 

4)  Zeitsch.  f  Architektur  u.  Ingenieurwesen  (2)  18  (1913),  Sp.  180.  Hier  wider- 
legt  auch  Behbock  einen  ebenda  (2)  17  (1912),  Sp.  217  untemommenen  Angriff 
A.  Hofmanns. 


82.  Cberfall  in  ganster  Breite.    Scharfe  Eante,  fireiei  Strahl  293 

Der  Gmiid  liegt  yielmehr  —  ahnlich  wie  beim  Ansflufi  aus  Ofiniingen  — 
im  Gegendmcky  der  im  Strahl  entsteht.  An  der  oberen  wie  an  der  un- 
teren  Flacbe  des  freien  Strahles  herrscbt  atmospharischer  Druck  und 
daher  ist  hier  an  einem  Punkte^  der  die  Tiefe  e  unter  dem  ungesenkten 
Spiegel  hat,  die  schrage  Geschwindigkeit  u  gleich  der  des  reibungslosen 
Gleitens  auf  einer  schiefen  Ebene,  oder 


Im  Innem  entsteht  aber,  weil  die  theoretischen  Spnmgparabeln  der 
Wasserteilchen  sich  treffen^  also  letztere  sich  gegenseitig  behindem^  ein 
Gegendruck  p  (fiber  dem  atmospharischen).  Nach  dem  fl^notfZZischen 
Theorem  mu£  daher  bei  einem  Eigengewicht  y  der  Fliissigkeit  and  einer 
(tlbrigens  meist  unwesentlichen)  Anknnftsgeschwindigkeit  U 

p  ,    U*       u* 

y        *  ^  2^        2g 

Bern.   BaMtn  hat  die  Geschwindigkeit  und  den  Druck  in  einem  Strahl 

durch  EinfUhrung   eines   rechtwinklig  gebogenen   und  eines  geraden 

Rohrchens  gemessen  und  gefnnden^  daB  der  Vor- 

gang  tatsachlich  dem  BemauUiBchen  Theorem 

entspricht.  Der  Gegendruck  hat  im  unteren  Teil 

des  Strahlquerschnittes  sein  Maximum  und  die 

Geschwindigkeit^  welche  ohne  Gegendruck  wie 


v^ 


j?  +  --  wachsen  wUrde,  yerlauft  (wenn  man 


die  Strahldicke  in  10  Teile  teilt)  wie  folgt'): 

Strahlpunkt  0,0  0,1  0,2  0,8  0^  0,5  0,6  0,7  0,8  0,9  1 
Druck  i):y^»  0,0  0,098  0,169  0,180  0,182  0,170  0,146  0,114  0,084  0,042  0 
v:y2gh        —0,946  0,866  0,778  0,721  0,666  0,682  0,600  0,671  0,686  0,619  0,496 

wonach  im  untersuchten  Strahl,  der  die  Dicke  0,648  h  an  der  Mefistelle 
aufwies,  der  Ausflufi 

q  -  0,660  .  0,648  A  l/2p  =  1,89  m^sec"^ 
war. 

Basnn^)  hat  auch  die  Strahlform  bei  je  einem  Wehr  von  der  Hohe 

u)  »  0,35  und  »  1,13  m  gemessen.   Die  Spiegelsenkung  kann  man  bei 

einem  Abstand  3%  stromauf  von  der  ^erfallkante  als  yerschwunden 

(0,003%)  betrachten.  t^er  letzterer  betragt  die  lotrechte  Strahldicke  im 

Mittel  0,854%.   Die  Strahlunterflache  steigt  bis  zu  0,1  oder  0,11%  fiber 

1)  Experiences  nonveUeB,  S.  119  f. 

2)  K.  KdUr,  Z.  d.  Y.  deutsch.  Ing.  34  (1890),  S.  883  nach  Ann.  d.  ponta  et 
chanBS.  (6)  19  (1890*),  S.  66f. 
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1^. 

Gedrllokte  Nappe. 


die  Xante  empor  und  erreicht  die  Eantenwagrechte  wieder  in  einer  Ent- 
femung  von  etwa  0,66  A. 

83.  Vollkonunener  Uberfall  ohne  seitliche  Strahleinsohniirang 
bei  Bcharfer  Eante,  ohne  Liiftung.  Wenn  nicht  fiir  Luftzutritt  unter 
den  Strahl  gesorgt  wird,  kann  dieser  verschiedene  Formen  annehmen, 
wie  zuerst  P.  Boileau^)  bemerkt  hat.  Bezeichnet  w  die  Wehrhohe  iiber 
der  Untergrabensohle  und  ist  h  <  etwa  0,4  u;,  so  bildet  sich  unter  dem 

Strahl,  der  dabei  weniger  weit  springt  bIb  der  freie, 
also  gedruckt  erscheint  (nappe  depriniee  Bcusins)  ein 
luftyerdiinnter  Raum.  Da  hiemit  der  Druck  an  der 
Strahlunterkante  sinkt,  sinkt  auch  der  dem  Ausflufi 
entgegenwirkende  Druck  im  Strahl  und  lie- 
fert  der  gedrtlckte  Strahl,  der  infolge  seiner 
kleineren  Sprungweite  aussieht,  als  liefere  er 
weniger  Wasser,  in  der  Tat  mehr  als  der  ge- 
liiftete  Strahl.  Der  gedrdckte  Strahl  ist  weniger  bestandig  und  Rdibock*) 
berichtet  z.  B.,  dafi  bei  einem  bestimmten  Wehr,  wenn  der  Oberwasser- 
spiegel  0,5  bis  0,7  m  Qber  der  Wehrkrone  steht,  das  Wasser  fortgesetzt 
aus  dem  abgeschlossenen  Unterraum  zwischen  Strahl  und  Wehr  Luft 
fortreifit,  wobei  der  Strahl  sich  senkt  und  der  Spiegel  des  Unterraumes 
allmahlich  steigt,  jedoch  nie  hoher  als  0,5  m  tiber  den  ITnterwasser- 
spiegel.  Plotzlich  scbieBe  dann  an  irgend  einer  Stelle  mit  donnerartigem 
Gerausch  Luft  unter  den  Strahl,  wobei  dieser  sich  hebt.  Der  Vorgang 
wiederhole  sich  bei  0,6  m  tTbertallhohe  regelmaflig  alle  zehn  Sekunden 
und  bei  geringerer  €^berfallh5he  friiher. 

Der  von  Rdibock^)  erwahnte  gehobene  Strahl  entsteht,  wenn  man 
den  ZufluS  eines  geliifteten  Strahles  rasch  vermindert  und  man  zugleich 
das  Entweichen  der  Luft  verhindert.  Bei  Wasserabnahme  hat  namlich 

der  gelflftete  Strahl  das  Bestreben,  seinen  Unter- 
raum zu  verkleinern,  so  daB,  wenn  dieser  abge- 
schlossen  ist,  hier  t)berdruck  entstebt. 

Ist  die  Uberfallhohe  h  ^  0,4  «;, 
so  kann  sich  der  Unterraum  mit 
wirbelndem  Wasser  fQllen  und 
bildet  sich  der  UfderfiUUe  Strahl 
(nappe  noy^e  en  dessous).  Findet 
dabei  die  Wiedererhebung  des  Wassers  entfernt  vom  Wehr  statt  (a  res- 


|0\ 


UnterfaUte  Nappe  mit  f^elem  FaA. 


1)  Traits  de  la  mesure  des  eauz  coorantes,  Paris  1864. 

2)  Festschrift  S.  28. 
8)  Ebenda. 
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saut  eloigne),  ist  also  der  Nappenfufi  frei^  so  tritt  nach  A  Bazin^)  zum 
Ausdmck  (158  b)  noch  ein  Faktor  hinzn.  Bezeichnet  man  nunmehr  den 
Abflufi  des  freien  Strahles  von  der  t^berfallhohe  h  mit  q^  und  den  des 
unterfdllten  von  gleicher  tTberfallhohe  mit  q,  so  gilt 


(161) 


q:q^^  0,878  +  0,128 


w 

T 


|\v^^ 


Tftuohende  Nappe. 


fBr  A  =  0,4  w  wird  qiqi^  1^9;  ^^^  groBer  kann  dieses  Verhaltnis  nicht 
werden,  weil  bei  geringerem  Zuflnfi  das  Wasser  sich  vom  Wehr  lost  und 
der  gedriickte  Strahl  entsteht. 
Wenn  der  Hohenunter- 
schied  h  +  h^  zwischen  Ober- 
und  Unterwasserspiegel  ^  V4  u? 
ist  und  letzterer  nicht  zu  tief 
liegt,  in  welchem  Falle  der  ge- 
drtLckte  oder  auch  der  noch  zu 
besprechende  haftende  Strahl  entsteht,  riickt  der  Wassersprung  in  die 
Wehmahe  und  bedeckt  wirbelndes  Wasser  einen  Toil  des  fallenden 
Strahles.  Man  hat  es  dann  mit  dem  unterfUUien  TauchstrcM  (nappe 
nojee  en  dessous  recouverte  en  partie  par  le  reiOiux  d'aval)  zu  tun,  dessen 
Wasserlieferung  q  vom  Unterwasser  beeinflufit  wird.  Auch  hier  tritt 
zum  Ausdruck  (158  b)  ein  Faktor  hinzu.  Geht  man  wieder  yom  AbfluB  q^ 
des  freien  Strahles  yon  der  Hohe  h  aus,  so  ist  das  Verhaltnis') 

(161a)   i-.q,-  1,06  +  0,16  (^  -  0,05)  -J-  -  0,02  (^  -  0,05)'-^- 


1 

1     * 

r       ■       ■    ■ 

Werte 

von  3 :  jj    filr  \ 

,xw^ 

1 

w 

.       0 

0,05 

0,1 

0,15 

0,2 

0,25 

0,8 

0,85     , 

1      0,16 

1,01 

1,06 

1 

1      0,2        I 

,     1,02 

1,06 

1,10 

0,25 

1,03 

1,06 

1,09 

1,12 

1,16 

1      0,3 

1,08 

1,06 

1,09 

1,11 

1,14 

1,10 

i      0,36 

1,04 

1,06 

1,08 

1,10 

1,18 

1,14 

1,16 

1,18 

1      0,4 

1,04 

1,06 

1,08 

1,10 

1,12 

1,14 

1,16 

1,17 

0,45 
I      0,6 
i     0,66 
1      0,6        , 

1,04 

1,04 

1,06 

1     1,06 

1,06 
1,06 
1,06 
1,06 

1,08 
1,08 
1,08 
1,07 

1,10 
1,09 
1,09 

Ml 

Ml 

1,13 
1,12 
1,11 
1,09 

M4 

1,16 
1,18 
1,11 
1,09 

1,13 
1,11 
1,09 

1,11 
1,09 

1,09 

i      0,66      , 

1,05 

1,06 

1,08 

1,08 

1,08 

1,08 

1,08 

1,08 

0,7 

'     1,05 

1,06 

1,06 

1,06 

1,06 

1,06 

1,06 

1,06    , 

1)  Exp^riencea  nouTelles  S.  83,  85,  161. 

2)  Ebendft  S.  40,  162. 
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Zumeist  laSt  sich  dieser  Ansdruck  durch  den  einfaclieren 

(162)  J  :  31-1,05  + 0,15^ 

ersetzen/ 

Vorstehende  Tabelle  enthalt  die  der  Pormel  (161  a)  entsprechenden 
Zahlen,  ferner  rechts  oben  leere  Stellen,  fiir  jene  Abmessangen,  bei 
welchen  der  gedr^ckte  oder  hafibende  Strahl  entsteht^  also  61.  (161  a) 

nicbt  mehr  gilt;  endlich  stehen  unter  dem  Treppen- 
strich  wieder  far  andere  Abmessungen  die  fur  sie  zu- 
treffenden  n«cli  (161)  berechneten  Werte. 

Wenn  die  Wehrtafel  nicht  zu  diinn  ist  und 
die  'Dberfallkante  auf  ihrer  stromaufgekehrten 
v////////My////////////////M    Seite  liegt,  kann  der  Strahl  am  Wehr  haften 

bleiben  (sicb  ihm  anschmiegenj  nappe  adherente) 
und  bis  zu  0,3  mehr  Wasser  liefem,  als  der  freie  von 
gleichem  &.  Basin  ^)  veroffentlicht  eine  Querschnittskizze 
eiues  solchen  Strahles,  der  gleich  einem  faltenreichen 
Vorhange  niederfiel.   Der  Strahlkopf  kann  mit  Lufb 
oder  auch  ganz  oder  teilweise  mit  Wasser  gefullt  sein.') 
Da  es  nicht  schwer  halt,  den  tTberdruck  p  fiber 
den  atmospharischen  zu  messen,  der  unmittelbar  unter 
der  Wehrkante  herrscht,  hat  Bagin^)  den  Zusammen- 
^   hang  von  q  mit  p  bei  dem  unterfiillten  Strahl,  bei  wel- 
Angesohmiegte  Kappe.  q\^^jj^  der  Druck  eine  Funktion  der  Abmessungen  ist^ 

zu  erheben  getrachtet.  Die  den  Druck  aufnehmenden  Rohrchen  brachte 
er  1  cm  unter  der  Wehrkante  an.  Es  zeigte  sich  mit^  in  Wassersaulen- 
hohe  bei  dem  Tauchstrahl  fOr 


(162  a)     Unterdruck,  p  <  A 
(162  b)     tberdruck,  0  <jp  <  0,6  A 
(162  c)     tberdruck,  0,6A  <p 


2:g,-l-0,235f(l  +  |f), 
g:3,-l-0,235|-(l  +  f), 
g:g,. (1+0,04^)1/5^, 


wahrend  sich  bei  gleichem  Yerhaltnis  von  p  zvl  h  aber  derartigen  son- 
stigen  Umstanden,  daS  der  Strahl  fuBfrei  bleibt,  fdr 

(162d)  i,<0,3        g :  g,  -  1,01  _2,45|(l +-[{-) 

heraussteUte.'*) 

1)  Experiences  nouvelles,  S.  7,  44,  48. 

2)  Rehboek,  FestBchrift,  S.  29. 

8)  Experiences  nonvelles,  S.  144,  152,  184. 

4)  Experiences  nouvelles,  S.  144,  Festschrift  S.  27. 
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Bemerkt  sei  noch^  daB  die  angeftihrten  sieben  Strahlarten  (der  ge- 
Itiftete^  gehobene^  gesenkte  oder  unterfiillte  Freistrahl,  der  Haftstrahl 
mit  luftgefiUltem^  teilweise  wassergefiilltem  oder  wassergefCillteiu  Eopf ) 
nach  Th,Itehbock^)  sowohl  freien  als  verdeckten  Fufi  (Tauchstrahl)  haben 
konnen  and  dafi  aufierdem  als  15.  Strahlform  der  geweUte  Strahl  (s.  unten 
S.  305)  und;  allerdings  nur  bei  runder  Krone;  der  sich  tiberbaupt  nicbi 
loslosende  aufliegende  Strabl  yorkommen. 

84.  Uberfall  fiber  Dammbalkenwehre  scwie  bei  dreieokigem  and 
abgerandetem  Wehrqaersohnitte.  Es  worde  am  Scblasse  des  §  82  ge- 
sagty  dafi  der  Strahl  an  seiner  Unterflache  eine  Sprnngweite  von  0^66^ 
besitzt.  Wenn  demnach  die  Wehrkronenbreite  a  >  0,66 A  oder  fc<-|a 
ist;  legt  sich  notwendigerweise  der  Strahl  an  die  Krone  an.  Zwischen 
A  -«  f  a  and  %  »  2a  ist  der  Zustand  schwankend,  and  erst  fiir  %  >  2a^ 
wenn  fQr  Ltiftang  gesorgt  ist,  spriiigt  das  Wasser  stets 
als  freier  Strahl  Uber.  Fur  den  langs  der  Krone  anliegen- 
den  and  erst  beim  Abstarz  freien  Strahl  ist  die  Wasser- 
menge  q  bald  kleiner,  bald  grofier  als  jene  g,  des  freien 
Strahles  gleicher  Gl)erfallhdhe  hy  indem  nach  Bajsin*) 

(163)  ?  :  ft  -  0,70  +  0,185  -^ 

ist,  womit  auch  Angaben  yon  A.  Fidey  and  F,  P.  Steams^)  stimmen. 
Nach  (163)  ist  fttr 

A :  a  =  0,5         1  1,5  2  liber  2 

3  :  ft  -=  0,79      0,88      0,98  oder  1       1,07  oder  1       1 

wobei  9 :  ft  «  1  den  freien  Strahl  kennzeichnet.  Ist  der  tTberschlag- 
balken  nicht,  wie  bier  yoraasgesetzt  warde,  rechtwinklig  behaaen,  son- 
dem  stromaaf  abgerundet,  so  erhoht  dies  q  wesentlich;  so  wuchs  darch 
eine  Abrandang  yon  0,1  m  Halbmesser  bei  einer  Kronenbreite  h  yon 
2  m  die  t)^berfallmenge  um  14  Prozent.  Bei  gewohnlichen  Balken  ist 
die  darch  den  Qebraach  eintretende  Kantenabnatzang  demnach  schon 
yon  Belang. 

Der  nicht  gelQftete^)  Strahl  kann  sich  ebenfalls  sofort  yon  der 
obersten  Balkenflache  loslosen  oder  erst  beim  Abstufz.  Im  ersteren 
Falle  ist  der  Vorgang  dem  ahnlich,  der  sich  beim  gleichen  h  an  einem 
scharfkantigen  Wehr  abspielt.   Im  zweiten  Falle  kann  der  Strahl  ge- 

1)  Yerhandlnngen  d.  GeBellscbaft  deutscher  Natnrforscher  u.  Arzte  83  =»  1911 
(Leipzig  1912),  S.  138. 

2)  Experiences  nouyelles,  S.  54,  60. 

8)  Am.  Soc.  Civ.  Eng.  Trans.  12  (1888),  S.  86,  97  f. 
4)  Experiences  nouTelles,  S.  73. 
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driickt  oder  unterfullt  sein,  namlich  der  Unterraum  verdiinnte  Luft  oder 
Wasser  enthalten.  Ist  der  Strahl  gedriickt,  so  gibt  (163)  Werte,  die  nur 
wenig  zu  groB  sind;  und  nahert  sich  h  jenem.  bei  welchem  die  Nappe 
fiich  von  der  Krone  lost,  so  wird  61.  (161)  anwendbar.  Bei  nnterfiilltem 
Strabl  kann  man  61.  (163)  noch  als  Annaherungsformel  gebrauchen, 
jedoch  nur  bis  sie  dasselbe  q  liefert  wie  (161),  falls  der  StrahlfuB  frei 
ist,  oder  wie  (162),  faUs  der  Strahl  taucht.  Yon  da  ab,  also  filr  noch 
grofiere  h,  kann  man  sich  mit  (161)  bzw.  (162)  behelfen,  die  aber  etwas 
zu  kleine  q  ergeben;  und  zwar  wachst  der  Fehler  mit  h  und  betragt, 
unmittelbar  bevor  der  Strahl  sich  lost,  8  Prozent. 

Fur  sehr  breite  Krone  berechnete  J.  B,  Belanger  ^)  in  seinen  Vor- 
lesungen  die  TJberfallmenge  unter  Voraussetzung,  dafi  sie  das  Maximum 
der  moglichen  Mengen  bilde.  Bei  Parallelitat  der  Stromf  aden  auf  dem 
Wehrriicken  ist  dem  BemoulUschen  Theorem  zufolge  bei  einem  Wasser- 
stande  h  auf  dem  Rucken  die  6eschwindigkeit 


T 

h 

I. 


U 


f/\"'>  V 


^ 


^. 


V2g(h  -  h,), 
and  daher  die  tlTberfallmenge 


q~h,y2g{h-h,), 
welcher  Ausdruck  sein  Maximum  fiir  h^^  Ih  hat  und  dann 

-0,385 /2V  A '^ 

ist.  Ba0in  fand  in  der  Tat  bei  80  cm  Riicken  breite  den  ^erfallkoeffi- 
zienten  zwischen  0,37  und  0,39. 

Scharf  kantige  Wehre  yon  dreieckigem  Querschnitt  kommen  in  der 
Praxis  kaum  vor.  Es  geniige  die  Mitteilung,  dafi  eine  stromaufgekehrte 
Boschung  den  Ablauf  erhoht  und  bei  steilem  Abfall  stromab  verschiedene 
Strahlformen  entstehen  konnen,  wahrend  bei  flachem  AbfaU  sich  stets 

der  Strahl  anschmiegt.  Nachstehender  kurzer  Aus- 
zug  aus  den  zahlreichen  Angaben^)  Bazins  er- 
lantern  das  6esagte. 


'-y/^/^   /Ay//}''//-  /A 


//,// 


VerhSLltnis  9:^1.  Strahlform:  g  =  gedruckt,  u  «=  unterfiillt,  a  «>  angeschmieg^. 


WehrhOhe 

BSschnng  (HOhe :  Fnfi) 

t^berfallbOhe  in  m                    ' 

m 

1         -,  . 

stromauf          stromab 

0,1               0,2        '        0,8               0,4 

,       0,6 

1  : 2               lotrecht 

1,145 

g     1,195     u 

1,16     u    1,13    '  11  1 

0,6 

1:1                    1:1 

128 

a  ,  1,206  1  a 

1,20     a    1,11 

a 

0,76 

lotrecht              1 : 2 

_   1     __ 

0,99 

I 

a    1,015 :  a     1,02      a    1,026    a 

1)  £cole  royale  des  ponts  et  chauss^es,  Session  1845^1846.    Note  sur  THy- 
draulique,  M.  Belanger,  S.  33.   A.  Flamanty  Hjdraulique  3.  ed.,  S.  96. 

2)  Experiences  nonvelles,  S.  77,  79,  81. 
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0,1 


Wehre  mit  geboschten  Seiten  und  einer  flachen  Krone^  also  trapez- 
formigem  QuerschDitt;  sind  Ton  Bazin,  femer  mehrfach  in  Amerika 
untersTicht  worden.  Der  tTberfallskoeffizient  wechselt 
bei  ihnen  selir  und  geht,  wenn  der  angeschmiegte 
Strahl  sich  in  den  &eien  yerwandelt,  sprunghaft  in 
die  Hohe.  Zwei  Tabellen  soUen  auszugsweise  nach 
Baein^)  folgen: 

Yerh&ltnis  q :  ^^ 
bei  elnem  Wehr  von  0,6  m  HOhe,  0,1  m  Eronenbreite. 

Strahlform:  g  »»  gedrackt,  u  «»  unterfullt,  a  »»  angeschmiegt. 


wmm^mz^h^Tm 


BoBchung  stromauf 
BOschang  stromab 


HOhe  :  Fufi 


1:  1 


1:2 


1:1 


lotrecbt  \  lotrecht  I     3:1 


1:1 
8:2 


lotrecht 
3:1 


lotrecht 
2 


tberfallhdhe  h 


0,1m 
0,2  m 
0,8  m 
0,4  m 


0,926 
1,086 
1,14 
1,16 


g  I  0,946  g 
u  1,066  u 
u  1,106  u 
u    1,11    ,tt 


0,91    1^ 

0,94 

u 

1,086  a 

1,086 

a 

1,18     u 

1,17 

a 

1,146  u 

1,146 

t 

1                                        1 

{      BCschung  stromauf  1 
Bdschung  stromab 

Wehr] 

lotr. 
1:1 

b.  0,6,  Eronenbr.  0,1 
H6he  :  Fufi 

lotr.   '   lotr.      lotr. 
1:2    1    1:8       1:6 

Wehrh 

lotr. 
1:2 

I.  0,76, 
H5he 

2.:1 
1:2 

Eronenbr.  0,4 
:FuB 

2:1       2:1 
1:4       1:6  , 

'  CberfallhOhe  h=^0,lm\ 

0,2  m 
0,3m' 
0,4  m 

*)  Dieser  Strahl  ws 

0,886" 
1,066 
1,18 
1,146*) 

kr  der  < 

0,866  '  0,85       0,826 
0,996     0,96       0,89 
1,06       0,986  ■  0,906 
1,04       0,986  ,  0,906 

nnzige  nicht  angesch] 

0,76       0,786     0,796  |  0,79 
0,77       0,82       0,826  ,  0,88  ' 
0,82       0,87       0,866     0,86 
0,866     0,91     ;  0,88       0,87  1 

miegte.                                    ' 

^m^w/^//////////w/Mm 


Diese  Verhaltniszahlen  fur  q :  q^  bleiben  nicht  weit 

^ber  die  Versuchsgrenzen  hinaus  zuverlassig,  weil 

eine  YergrSfierung  yon  h  bewirken  kann,  daB  sich 

der  Strahl  loslost  und  hiermit  q  :  q^  yerringert. 

G.  W.  Bafter^y  der  mit  grofieren  Wassermengen 

arbeiten  konnte,  yermutete,  daB  dies  bei  dem  stromauf  unter  1 :  2^  stromab 

lotrecht  abfallenden  Wehr  yon  0,1  m  Eronenbreite  geschehe.  Da  seine 

Angaben  sich  aber  schlecht  zum  Yergleich  eignen,  seien  die  spater  yon 

B.  E.  Horton ')  yeroffentlichten  beziiglichen  Daten  benutzt.  Es  zeigt  sich 

folgendes.  Baein^)  gibt  ftir  eine  Wehrh5he  yon  0,5  m  besagter  Form  fiir 


1)  Ebenda,  S.  84,  87. 

3)  Am.  Soc.  Civ.  £ng.  Trans.  44  (1900),  S.  266. 
8)  U.  S.  Geolog.  Survey,  Paper  200  (1906),  S.  88. 

4)  Experiences  nonvelles,  S.  84. 
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A«0,1        0,15      0,2        0,25      0,3        0,35      0,4  m 
?:  (71  =  0,945     1,015     1,065     1,095     1,105     1,105     1,110 

an.  Da  nun  nach  ihm  fiir  diese  h 

gjiV^fe'"*- 0,439    0,438    0,440    0,445    0,450    0,455    0,459 
ist,  folgt  fiir  das  0,5  m  hohe  Wehr 

g:|/2^A''*  =  0,415    0,445    0,469    0,487     0,497     0,503    0,509. 

Nach  Eafters  an  einem  1,5  m  hohen  ahnlichen  Wehr  der  Cornell-Uni- 
yersitat  angestellten  Beobachtungen  zeigte  sich  fiir 

h  -  0,36      0,53       1,03       1,26       1,48       1,49       1,52  m 
2:y2^A*''  =  0,469    0,479    0,460    0,466    0,491     0,457    0,447, 

also  in  der  Tat  bei  weiterer  Zunahme  von  h  schliefilich  eine  Abnahme 
des  C^berfallkoeffizienten. 

JBajgin^)  hat  auch  eine  Anzahl  0,5  m  hoher  Wehre  mit  abgerundeter 
Krone  und  flachem  AbfaU  untersucht  und  fiir  g:g^  folgende  Werte 
gefunden: 


Uberfall- 
h5he  h 

1                  2 

Type 
6        !         6                 7                 3 

4 

1       0,1 
0,2 
0,3 

0,91 
0,99 
1,04 
1,06 

0,96 
1,01 
1,06 
1,08 

0,89 
0,93 
0,96 
0,99 

0,91 
0,96 
0,99 
1,01 

0,87 
0,89 
0,91 
0,98 

0,89 
0,94 
0,98 
1,00 

0,91 
0,96 
0,99      ' 

1,01         ; 

Typel 


'M'/yy/y^''^/i^''/.wyyyyyyyyyyyyr'''/^yyyyyy, 


J:S 


Type  3 


J.'o 


Type  4 


'^yy/yyyyy/yyyyyyyyyyyyy/yyyyyyyyyyyyyyyyy/yyvyyyy    ww7rzyir7:^^777rwz^^^ 


10^i-B20 


Typed 


04 
20^L.Z20 


Typed 


^ywy'^^^mi^y:^y^y^y^y^yy':^^^^ 


v/y/yyyyyyy/yyyyyyyyyy/'^yyyy/yyyyyyyy^^ 

Type  7 


m  'y'^y^y/y'y::yyy'^^:yyyyy';.  yyyy/:yyyyy/yy/yyyyy 


1)  Ebenda,  S.  95,  96.  Sonstige  Messimgen  an  Wehren  mit  abgerundeter 
Krone  verCffentlicht  B,,  E,  Horton,  U.  S.  Geolog.  Surrey,  Paper  200  (1907),  S.  94, 
122,  130,  181. 
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Femer  ergaben  Wehre  mit  rundem  Rucken  nach  den  Typen  I  bis  YI 
nachstehende  qiq^. 


Cberfall- 

Type 

I 
1 

1      h6he  h 

I 

n 

m 

IV 

V 

VI       , 

^^ 

1,13  a 

1,15  a 

1,14 

1,06 

1,04 

1,06      1 

0,16 

1,21  a 

1,24  a 

1,21 

1,18 

1.13 

1,13 

1         ^'2 

1,27  a 

1,31a 

1,26       , 

1,18 

1,18 

1,18 

0,26 

1,28  u 

1,82  ii 

1,29 

1,23 

1,23 

1,28 

0,8 

1,27  u 

l,29tt 

1,28 

1,26 

1,26 

1,26 

0,36 

1,24  u 

1,24  u 

1,24 

■ 

1,29 

1,26 

1,24       1 

(a  bedeatet  angeschmiegten,  u  unter- 
faUten  Strahl,  bei  den  Typen  III 
bis  YI  ist  die  Strahlform  nicht  an- 
gegeben.) 

Nach  den  beiden  letzten  Ta- 
bellen  befordert  eine  Kronenabrun- 
dung  den  Abflufi  und  behindert  ihn 
ein  flacher  Abfall.  Wo  beides  vor- 
kommty  ist  daher  q :  q^  bald  groBer, 
bald  kleiner  als  1.  Eine  Abrondnng 
mit  steilem  Abfall  erhoht  die  Menge 
gegenUber  der  scharf  kantigen  Wand 
bei  nicht  zu  kleiner  t^berfallhohe  um  Y^  bis  fast  Y,. 

Wahrend  bei  Wehren  mit  scharfer  Kante  (s.  Gl.  (158  a))  das  Yer- 
haltnis  q  :  h  Yigh  nicht  nur  yom  Yerhaltnis  h  :  w  der  tTberfallhohe  zur 
Wehrhohe  abhangt,  gilt  nach  Th.Behbock^\  wenigstens 
fQr  SchuSwehre  mit  lotrechter  Stauwand,  Kreiszylin- 
derkrone  und  steilem  Abfall  das  Ahnlichkeitsgesetz, 
so  daB  Modelle  gute  SchlUsse  auf  das  Yerhalten  grofier 
Bauwerke  ermoglichen.  Dies  bringt  fQr  die  besagten 
Wehre  bei  Abfall  unter  60®  Neignng  nnd  einem  Ab- 
mndungshalbmesser  r  nachstehende  Beziehung  zum  Ausdruck: 

(163  a)         q  -  |  [o,845  -  0,0206  (3,8  -  A)*  +  _y  fc  ^2^ 

-  [2,495  -  0,06084  (3,8  -  y)*+  0,2461  ^]fe"/., 

welche  fur  h  aufwarts  bis  zu  A  =  0,4  w  +  0,5  r  gilt.  Eleine  Anderungen 
in  der  Neigung  der  Stauwand  und  des  Abfallbodens  andem  den  tJber- 
faUbeiwert  nicht  erheblich. 


1)  Verhandlangen  d.  GeBellBchafb  dentecher  Naturforscher  u.  Arzie  83  =  1911 
(Leipzig  1912),  S.  139. 
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Spater  gab  Th,  Rehbock^)  fQr  ganz  ahnliche  Wehre  mit  der  Abfall- 
neigung  (SchluBneigung)  2 : 3  (also  56®  20')  die  Pormel 

(163  b)     g  -  I  [0,312  +  0,09  ^  +  ]/o,30  -  0,01  (5  -  ^f]  h  y2^ 

-[0,921  +  0,266  A  +  1,617  j/l  -  |(l  -  1)^^ 
welche  gelte,  solange  man  —  ^1  imd  zugleich  r  ^  0,2,  sowie 

bat.  Der  Genannte  untersuchte  nocb  andere  Formen  und  fand  z.  B.  fUr 
Halbzylinder,  die  auf  der  Flufisoble  ruben, 

(163 c)     q^l  [0,55  +  0,22 ^] h VTgh  =  [l,624  +  0,650 ^] A"« 

mit  der  Geltung  flir  0,1  £  ^  ^  0,8. 

Bei  einem  Webr  mit  Spitzbogenquerscbnitt  bestimmte  V.  Mcisoni*) 
im  Mittel  das  ifi  der  Gl.  (156)  zu  0,463. 

Die  Stnfen  gestaffdter  Gerinne  mit  yerlandeten  Schwellen  kann 
man  als  Webre  aoffassen,  deren  Kronen  in  gleicber  Hobe  mit  der  Soble 
des  Zolanfgerinnes  steben.  Solange  der  Unterwasserspiegel  tiefer  oder 
nur  wenig  bober  als  die  Webrkrone  liegt,  bleibt  nacb  Beobacbtnngen 
von  A.  Armani^)  fQr  sie  die  Weisbachsehe  Formel  (156  a)  anwendbar, 
wenn  man  f&r 

Cr=0,6        0,6        0,7        0,8        0,9        1,0        1,1        1,2        1,8        1,4        1,6 
^fi»  0,300    0,380    0,862    0,870    0,386    0,898    0,412    0,417    0,426    0,486    0,440 

Z7-=l,6        1,7        1,8        1,9        2,0        2,1        2,2        2,8        2,4        2,6        2,6 
^  ft » 0,447    0,462    0,468    0,461    0,464    0,469    0,470    0,476    0,479    0,484    0,486 

nimmt  Das  ungleicbmafiige  Wacbstnm  dieser  (i  spricbt  dafiir,  daft 
Armani  keinen  kilnstlicben  Ausgleicb  seiner  Ergebnisse  Tornabm.  Bei 
0,3  m  boben  Scbwellen  finde  erst  ftir  h  >  0,38  m  eine  beacbtenswerte 
Beeinflussung  des  freien  tTberfalles  dnrcb  das  ITnterwasser  statt.  —  Bei 
nicbt  yerlandeten  Scbwellen  seien  statt  obiger  -^  ft  die  folgenden  yon  h 
abbangigen  zu  yerwenden. 

h  =»  0,1         0,16       0,2         0,26       0,3         0,86      0,4         0,46       0,6  m 
I  ft » 0,847     0,346     0,843     0,842     0,342     0,341     0,341     0,841     0,340. 

1)  Handb.  d.  IngenienrmBBensch.  3,  Wasserban,  2.  Bd.,  1.  Abt.,  4.  Anfl., 
Leipzig  1912,  S.  68. 

2)  BoUetino  del  Collegio  degV  Ingegneri  ed  Architetti  in  Napoli  12  (1894\ 
Nr.  6,  6. 

3)  Z.  d  ast.  1.  n.  A.  V.  46  (1894),  S.  689. 


86.  UnvoUkommener  tJberfall  SOS 

85.  nnvollkommener  ITberfall.  Durch  Hebung  des  Unterwasser* 
spiegels  fiber  dem  Wehrrucken  macht  man  das  Wehr  zu  einem  Grund- 
wehr  und  den  Uberfall  unvoUkommen  (deversoir  noye).  Zum  Zwecke  der 
Berechnnng  des  AuBflusses  pro  Langeneinheit  q  denkt       -r 


man  eich  vielfach  nach  dem  Beispiel  L,  G.  du  Biuits^)  i*  ^A 

den  unvollkommenen  Uberfall  aus  einem  Yollkommenen  ^ 

...  ^ 

Uberfall  zwischen  Ober-  imd  Unterwasserspiegel  und  4 


einem  Abflnfi  unterWasserzwischen  letzterem  und  dem 

Wehrrucken  zusammengesetzt.   FUr  die  obere  Schicht  gilt  dann^  wenn 

man  die  Ankunftsgeschwindigkeit  17  beriicksichtigt,  entsprechend(156a) 

fCLr  die  untere  Scbicht  entsprechend  (154  a)^  wenn  man  auch  hier  die 
Ankunftsgeschwindigkeit  in  Rdcksicht  zieht, 

fo  -  ^n  ^f^\  {\  -  *a  +  27) ' 

worin  \  und  h^  die  Spiegelhohen  des  Ober-  und  des  Unterwassers  iiber 
der  Wehrkante  und  fij  wie  (ijj  Ausflufikoeffizienten  bedeuten^  die  <  I 
sind.  Durch  Addition  von  q^  und  q^j  erhalt  man 

(164)  ,_y2j(|ft[(»,-».+  0'--Q"-] 

Gl.  (164)  zeigt  den  Mangel  ftlr  h^  =  h^  in  fijih^  V  statt  bei  einer  Wehr- 
hohe  w  in  {h^  +  ui)U  iiberzugehen.  Sie  kann  daher  nicht  befriedigen^ 
abgesehen  daTon,  daB  noch  kein  Experimentator  ihre  /u^  und  fijj  durch 
Versuchsreihen  ermittelte.  Es  ist  nur  (und  zwar  zu  hohe)  Schatzung^ 
wenn  z.  B.  G.  Tolkmitt^)  bei  guter  Abrundung  /tij  =  0,83,  /tu  =  0,67 
haben  will. 

A.  Sdlles^),  der  die  Ergebnisse  verschiedener  Pormeln  mit  der  an 
einem  Grundwehr  (bei  A^  =  6  und  A,  =  5  m)  erhobenen  UberfaUmenge- 
yerglich,  fand  die  Formel  von  Mary 


(165)  q  -  0,8*, y2g  (h,-h,  +  ^), 

1)  Principes  d'hydraulique,  douy.  ^d.  Paris  1816,  1,  8.  208. 

2)  Handb.  d.  IngeniearwiBsenschaften  8,  Wasserbau,  1.  Abt.,  1.  H&lfte,  8.  Aafl.^ 
Leipzig  1892,  S.  224;  Tolman  setzte  bei  einem  Flofidurchlafi  fti  =  f^n  ^^^  ^^^^ 
diese  »»  0,64,  siehe  onten  61.  (177  b). 

8)  A.  SaUes  nennt  Ann.  d.  ponts  et  chansB.  (6)  8  (1884*),  S.  306  die  1860- 
lithog^apbierten  Yortr&ge  Marys  an  der  £cole  des  ponts  et  cbanss^es. 
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welche  einfach  eine  Anwendung  des  BemouMischefn  Prinzips  unter  Bei- 
fUgung  eines  Koeffizienten  bildet^  am  zutreffendsten.  Sie  liefert  aber  fiir 
-den  freien  Uberfall  (\  =  0)  aus  einem  Teich  (CT—  0)  die  Menge  Null. 
Auch  fand  G.  T,  NeUes^)  eine  nicht  unahnliche  Formel  von  Chanaine 
und  de  Lagrene  nnbrauchbar,  als  er  sie  an  einer  Yersuchsreihe  Ton 
Bazin  und  an  Beobachtangen  an  der  Seine  priifte.  P.  Richdmy^)  er- 
mittelte  ffir  scharf  kantige  Gmndwehre 


g-l/2i,{o,601(*,-A,)]/-i(A,-^)  +  ^ 

+  0,629A,1/a, -*,  +  %), 
worin  Wmax  —  1,25  U  sei. 

Gestiitzt  auf  Yersuche,  bei  welchen  \  von  0,1  bis  0,3  m  und  das 
Yerhaltnis  h^ :  h^  bis  gegen  1  anstieg,  welche  Yersuche  teils  von  J!  B. 
Francis  aus  dem  Jahre  1848,  teils  von  ihnen  selbst  herrillirten,  setzten 
A.  Ftdey  und  F.  P.  Steams^) 

<166)  ^-|fil/2^(Ai  +  ^«)yAi^^, 

worin  fur 

\:\      0,1  0,2        0,3         0,5        0,65      0,8        0,9         1,0 

J/t  0,421  0,409    0,400    0,388     0,385    0,389    0,398     0,419 

|/i|/2^  1,864  1,814     1,774     1,719     1,705     1,724     1,761     1,855 

za  nehmen  ist. 

In  Ostindien  yersuchte  Captain  Love^)  eine  Gleichung  aus  Beob- 
achtungen  im  Oodayaridelta  abzuleiten,  die  auf  MetermaB  umgerechnet 

1,94+ 2.62^ -~0,10A^   .  . 

? r+om, — (*!-*«)  ^* 

lautet.   Die  dortigen  Ingenieure  wenden  aber  eine  Formel  an,  die  aus 
(164)  hervorgeht,  wenn  man  ein  einheitliches  ft "»  f4  —  i^  benutzt,  das 

unwesentliche  ( »    )  *  fortlaBt  und  die  Ubrigen  Geschwindigkeitshohen 

mit  Koeffizienten  multipliziert.   Sie  lautet  ftLr  metrisches  Mafi 

(167)    q  ^  ^V2^g[h,Vh~-:^+0fi3^ 

1)  Am.  Soc.  Civ.  Eng.  Trans.  44  (1900),  S.  380. 

2)  Torino,  Memorie  (2)  14  (1864),  S.  809. 

8)  Am.  Soc.  Civ.  Eng.  Trans.  12  (1883),  S.  106.  C.  HeneM  berechnete  anf 
Grand  derselben  Messungen  nnd  sp&terer  von  Francis  (ebenda  IS  (1884),  S.  803) 
eine  Zahlenreihe,  die  fEbr  jades  Yerh&ltnis  \i\  des  Grandwefares  das  h  des 
tTberfallwehres  von  gleichem  q  angibt;  ebenda  14  (1885),  S.  194. 

4)  J.  MulUns,  Irrigation-Manual,  London  n.  New- York  1890,  S.  11. 
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worin  U  die  Anfangsgeschwindigkeit  JR.  J7.  Bhind  hat  Aafhahmen  an 
Wehren  indischer  Strome  yeroffentlicht^)  und  G.T^NeUes*)  neben  (167) 
an  ihnen  die  einfachen,  aber  bei  nnyoUkommenen  tTberfallen  kaum  be- 
grfindbaren  AuBdrQcke 

(166)  «-4f*y2^*' 


(156b) 


2 
8 

2 

8 


^^l^y2g(h  +  l^ 


gepriifty  and  merkwUrdigerweise  f&r  (156)  und  (156  b)  weniger  sprung- 
hafte  Werte  yon  ft  als  fiir  (167)  erhalten.  t^brigens  wurden  die  Ab- 
flufimengen  im  Strome  nur  nach  Humphreys  und  Abbots  61.  (39),  also 
wohl  zu  grofi,  bestimmt  und  war  es  nicht  immer  moglich,  das  Haupt- 
wehr  yon  den  Nebenoffiiungen  bei  der  Rechnung  zu  trennen.  Hier  die 
Zahlen: 


1 

Spiegel- 

Ver- 

Mittlere 

Name  dee 
Wehn 

h5hen  flber 
Hauptwehi 

hait- 

nis 

Ober- 

fl&chenge- 

schwin- 

Abfiofikoeffizient  ft 
nach  Formel 

.Baaweise     1 

*i 

^ 

*i 

digkeiten 

m 

m 

K 

m  sec"*  * 

(167)    (156)  1(156  b) 
_    .,        '  _ 

:  Burrah 

8,46      2,42  1 

1,48 

^__ 

0,98      0,80 

0,77 

D&mine  mit 

fiytumee. . . . 
'  Mahannddy  . 

8,304 1  2,45 

1,85 

2,59 

0,95 

0,75 

0,74 

gemauertem 

8,49 

2,88 

1,21 

2,86 

0,60 

0,41 

0,40 

Kern;  nur  in  i 

Beropa 

2,58 

2,16 

1,17 

2,08 

0,60 

0,38 

0,87 

Bytnrnee     i 

,  Brahmini  . . . 

3,21 

3,06 

1,05 

2,13 

0,88 

0,39 

0,40? 

recbteckiffer  . 
Querschmtt 

Pattia 

5,86 

5,59 

1,05 

2,89 

0,88 

0,87 

0,86 

Eajooree 

i 
1 

6,18 

5,97 

1,03 

8,54 

0,89 

0,41  1  0,89 

1 
1 

ohne  bei-     | 

gefeigte       1 

SchClttnngen.  | 

Basfin^)  brachte  aucb  in  die  Betrachtung  der  unyollkommenen 
'^berfalle  Methode  durch  die  Sonderung  der  Abflufiformen.  Bei  hohem 


"T 

i 


Welllger  Abflaa. 


V/ 


Tauohender  AbfiuA. 

Oberwasser  kann  die  Wucht  des  Sturzscbwalles  das  Unterwasser  zurQck- 
treiben^  so  dafi  ein  Strahl  mit  freiem  Fufi  entstebt,  dessen  Abflufi  g  yom 

1)  Min.  Proc.  Inst.  Civ.  Eng.  85  (1886),  S.  307. 

2)  Am.  Soc.  Civ.  Eng.  Trans.  44  (1900),  S.  882. 

8)  Experiences  nouvelles,  S.  99  f.    Festschrift,  S.  28. 

Forebheimer:  HydrftaUk  20 
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Unterwasser  iiberhaupt  nicht  abhasgt.  Dies  tritt  seltener  als  die  Bildung 
eines  Taachstraliles  ein.  Wird  bei  einem  solcfaen  der  Zoflofi  erboht  oder 
das  Unterwasser  gestaut,  bis  der  Spiegelunterscbied  h^-^h^  auf  Y5  bis 
%u;  (hier  bedeutettr  die  Wehrbohe)  sinkt,  so  steigt  der  Unterspiegel 
plotzlich  iind  entsteht  der  weUige  AbflnB  (nappe  ondulee).  Lafit  man  an- 
dererseits  bei  welligem  AbflnB  den  Zuflufi  nngeandert  und  senkt  denUnter- 
spiegely  80  findet  die Umwandlnng  in  den  Tanchstrabl  bei  h^  —  h^^ 0,3 w 
statt.  Zwischen  den  Grenzlagen  kann  also  der  Abflnfi  sowohl  wellig  als 
tancbend  erfolgen.  Das  q  des  Taucbstrahles  lafit  sicb  nach  Baein  ge- 
nQgend  genau  aus 

1.05(1  +  1^)1/'^*^ 


(168) 


i-ii 


K 


berechnen.  Das  Yerhalbiis  q  :  q^  nimmt  fQr  Terscliiedene  Yerlultnisse 
der  Fallhdhe  h^  —  \  und  der  Unterspiegelbohe  h^  zor  WehrhShe  w 
nachstehende  Werte  an: 


to 

K 

\V) 

• 

0 

0,1 

0,2 

0,4 

0.6 

0,7 
0,48 

1 

1.6      ' 

0,06     1 

1,06 

0,74 

0,64 

0,64 

0,62 

0,46 

0,43 

■      0,1 

1,06 

0,86 

0,76 

0,66 

0,64 

0,60 

0,67 

0,64 

1       0,2 

1,06 

0,94 

0,87 

0,79 

0,76 

0,72 

0,69 

0,67 

,       0,3 

1,06 

0,97 

0,92 

0,86 

0,83 

0,80 

0,77 

0,76     , 

0,4 

1,06 

0,99 

0,96 

0,90 

0,88 

0,86 

0,83 

0,81 

0,6 

1,06 

1,01 

0,98 

0,93 

0,92 

0,89 

0,87 

0,86 

1       0,7 

1,06 

1,02 

1,00 

0,98 

0,96 

0,96 

0,94 

0,92 

,  Freifufi 

1,06 

1,04 

1,02 

0,99 

0,98 

0,96 

0,94 

0,92 

tJber  (Aj— ^)«0,7tt;  geht  diese  Tabelle  nicht  hinaus,  weil  bei 
weiterem  Wachstam  der  Fallhohe  der  Strahl  mit  freiem  Fnfi  entsteht. 
Baein  hat  auch  mit  Dammbalkenwehren  einige  Yersnche  Torgenommen, 
ans  denen  heryorging,  dafi  bei  ihnen  der  Unterwasserspiegel  merklich 
hoher  als  die  Wehrkrone  stehen  kann,  ohne  dafi  dies  den  Abflufi  behin- 
dert.  —  Das  Yerhalten  von  Wehren  mit  dreieckigem,  stromauf  lotrechtem 
Qaerschnitt  liegt  zwischen  dem  der  Dammbalkenwehre  und  dem  der 
ddnnen  Wande  mit  scharfer  Eante. 

Stets  hebt  sich  bei  nnvollkommenen  tjberf alien  der  Oberwasser- 
Spiegel  bei  Zunahme  der  Wassermenge,  doch  kann  es  geschehen,  dafi 
der  Unterwasserspiegel  starker  als  der  Oberwasserspiegel  steigt,  dafi  also 
der  Stau,  namlich  der  Hohenunterschied  (h^  —  1i^  der  Spiegel,  bei  wach- 
sender  Wasserf^rung  sich  yermindert. 

86.  Theoretische  Bestimmung  der  IJberfallnienge.  Bei  einem 
Wehr,  dessen  Krone  nach  innen  vorspringt,  kann  —  nicht  unahnlich 
wie  bei  dem  jBore^aschen  Ansatzrohr  —  die  Ausflufimenge  mit  Hilfe  des 
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Impulssatzes  bereclinet  werden.  Es  bezeichne  e  die  Steighohe  an  der 
Strahlantergrenze,  z  die  yom  Scheitel  der  letzteren  aus  nach  oben  ge- 
messene  Ordinate,  17  die  Strahldicke  daselbst,  r  den  ErUmmnngshalb- 

messer  der  Strahluntergrenze  daselbst.  Man  kann    -^j -.......^^ 

nun  annehmen^),  dafi  sich  Qber  dem  genannten  ^     '^b^-^T^'^. 

Scheitel   das  Wasser   nahezu   in   konzentrischen       (  — j^^^^^.l^ 

Ereisbdgen  von  den  Halbmessem  r  +  js  bewegt,  so 
dafi  auf  jedes  Teilchen  in  lotrechter  Richtung  die 
Schwere  nach  unten,  die  Miehkraft  nach  oben 
wirkt  und  bei  einem  Eigengewicht  y  des  Wassers 
und  einer  Geschwindigkeit  u  des  Teilchens  der  Dmck  p  sich  in  lot- 
rechter Richtnng  nach  dem  Gesetze 

(169)  I! --y +  ./'*' 


yerandert.  Andererseits  erfordert  das  .BerNOt(!{ische  Theorem,  dafi 
(169a)  £-ft_,_^_|! 

sei.  Die  Differentiation  von  (169  a)  ergibt 

dp  u  du 

—  «.  —  y  — y  —  — 

und  die  Yereinigung  mit  (169) 

du       — u         ,        du             dz 
a-       _     also    —  = r- , 

dz       r  +  «'  u  r-\-z' 

woraus  durch  Integration 

log  nat  w  +  log  nat  {r  +  z)  —  konst.     oder    M(r  +  ^)  =■  konst. 

heryorgeht.  Herrscht  im  Scheitel  der  Untergrenze  die  Geschwindig- 
keit Uq  und  im  lotrecht  fiber  dem  Scheitel  befindlichen  Punkt  der  Ober- 
grenze  die  Geschwindigkeit  u^,  so  ist  hiemach 

Wo^o  "-  u(ro  +  ^)  -  Wi(ro  +  rj), 
woraus 

(169  b)  u  -  ^^*^ 

heryorgeht.  Der  Ergufi  der  Langeneinheit  betragt  daher 

(169c)         q  =. J  udz^  u^r^J  ^^^-  =  u^r^  log  nat -'J^"^ • 


1)  /.  Baussinesq,   M^moire   de   TAcad.  des   aciences  50   (1907),    S.  1 — 118, 
121—184. 

20* 
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Setzt  man  hier 

oder,  wenn  man  Uq  und  %  nach  (1 69  a)  ausdrOckt  nnd  bedenkt,  dafi  fQr 
sie  p  —  0  ist, 

80  hat  man 

(169d)      ,- (A -«)(!-*«),    r„--^j^-(A-«)ft(l  +  ft) 


and  statt  (169c)  auch,  da  Uq'=  y2g{h—s)  ist, 

(169 e)  q  -  V2g(h  -  «)» h(l  +  k)  log  nat  y  • 

Nnn  betragt  die  Bewegongagrofie  des  Ei^puses 


/.■ 


-^    /   M»d^ 


und  kommt  die  Wasaermenge  aus  dem  Zustande  der  Ruhe  durch  einen 
statischen  Dmck  in  Bewegung,  der  die  GroBe 


2 


hat  und  dem  im  eingeschntlrten  Strahl  der  Gegendruck 

0 

entgegenwirkt.  Nach  dem  Impulssatz  mufi  daher 
(169f)  J(^  +  £)d,«i.A« 


0 

p 


sein.  Das  Integral  zeigt  sich,  wenn  man  —  nach  (169a)  und  spater  u 
durch  Uq  nach  (169  b)  ausdrdckt,  gleich 

0  0 


nr^ 


oder,  wenn  man  tj  und  r^  durch  k  ersetzt^ 
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(1  -  fc«)  Jt  (A  -  6)»  +  (1  -  Jfc»)  (*-«)*- (1 -**)' -^^' 
-(i-  +  i-t»-f) (*-*)» -4-(l  +  A;)»(l-A;)(*-e)». 

Gl.  (169f)  lautet  daher  auch 

(i69g)  ^  -  ViJ+Wii'-'^  ■ 

Eg  ist  anzunelimeiiy  daB  ftr  den  in  Betracht  stehenden  Fall  s  in 
der  Nahe  seines  Maximalwertes  £mAx  li^gt,  also  yon  imta.  nicht  sehr  yer- 
schieden  ist^  mag  auch  k  starker  yom  Jc  des  maximalen  a  abweichen. 
Sein  Maximum  hat  e  ftir 

{h  —  ey       y'(i  +  Aj)»  (1  —  A;) 
demuach  fOr  %  »  ^  oder  gemaB  (169  g)  ffir 

(169h)  j^^ ")/g     Oder    £„«- 0,2302 A. 


Im  betrachteten  Fall  schlofi  die  Wehrwand  einen  Winkel  y  mit  der 

Lotrechten  ein.  Baussinesq  hat  nun  die  gewagte,  aber  anscheinend  zu- 
treffende  Annahme  gemacht,  dafi  f&r  einen  anderen 
Winkel  i 

gelte  oder  dafi 

(170)      «-(i-  +  ^)w-0,115l(l  +  ?^)A 

sei.  Gleiohimg  (169e)  bleibt  bestehen  rmd  vird  zufolge  (170)  zu 
g  -  (l  -  -)''*  y2jh'  kil  +  k)  log  nat  | 

-  [l  -  0,1151  (l  +  ^J'Y2^'k  (1  +  k)  log  nat  i 

-  ungefahr  0,8324  [l  -  0,3902  -^-1  y2g  S»  A;  (1  +  *)  log  nat  y  • 

Man  kann  sich  nun  denRaum  unter  demStrabl  feat  aasgefQIlt  denken, 
dann  nimmt  nach  dem  Bdanger  Bdhea  Prinzip  (s.  S.  298)  die  StraUober- 
flache  eine  seiche  Form  an,  dafi  q  ein  Maximnm  wird;  das  heifit  k  mnfi 
bei  gegebenem  e  den  Ergnfi  q  zum  Maximnm  machen.  Es  mufi  also 

dr*(l  +  ft)logiiat-ll  , 

-L- jjT '^  =.  (1  +  2k)  lognat|  -  (1  +  ft)  -  0 

sein,  was,  wie  man  sich  fiberzeugen  kann,  fQr  k  -»  0,46854  (welcher 
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Wert  vom  friiheren  h  «  0,5  nicht  weit  entfemt  ist)  zutrifit.   Hiennit 
wird  zugleich 

*(!  +  *)  log  nat  -i-  «  0,5216 

and  angenahert 

(170a)  q  =  (0,4342  -  0,1694  -i-)  Y2^h^ . 

Eine  langere  Betrachtung  Boussinesqs^)  fuhii  dbrigens  auf  den  noch  ge- 

naueren  Ausdruck 

(170b)  k  «  0,4694  -  0,0224  ^  • 

Wird  fQr  lotrechte  diinne  Wand,  alsa  i  «  0,  der  ErguB  q^  genannt, 
80  ist  bei  einer 

Neigung  »  gegen  die  Lotr.      —    45®       88®        18       —18—33—46 
5:g,  nach  Gl.  (170  a)  —0,902     0,927     0,960     1,040     0,078     1,098 

q :  qi  nach  Bazins  YerBuchen  »-  0,926     0,986    0,969     1,046     1,086     1,115 

Die  tTbereinstimmung  yon  Theorie  und  Erfahrang 
ist  eine  so  enge,  daB  in  ihr  eine  Bestatigung  aller 
Annahmen  Baussinesqn  liegt.  Auch  fdr  unterfQUte 
Strahlen  hat  Baussinesq  ^)  ahnliche  Entwickelungen 
Yorgenommen,  auf  Grand  welcher  N,  Enache  de 
la  OU^)  Berechnungen  anstellte,  die  jedoch  zu 
Werten  fQhrten,  welche  die  oben  mitgeteilten 
Bajsins  ziemlich  gleicbmafiig  am  etwa  2  Prozent  Ubertreffen. 

Ein  y erfahren,  welches  gestattet,  wenn  die  Strahloberflache  gegeben 
ist,  den  zagehorigen  Wehrriicken  za  linden,  gibt  Ph.  Forchheimer*')  an. 
FQr  eine  gegebene  Aufienflache  des  Strahles  ist  bei  Yemachlassigang 
der  Beibang  die  Geschwindigkeit,  also  ein  zweiter  anendlich  naher  Faden 
bestimmt  und  hiermit  die  ganze  Schar  der  Stromungslinien,  welche  eine 
sogenannte  isothermische  Karvenschar  bilden.  Eine  jede  Stromungslinie 
kann  zam  Wehrriicken  gemacht  und  die  Wassermasse  unter  ihr  dorch 
ein  Wehr  ersetzt  werden.  Der  zeichnerische  Yorgang  besteht  darin,  daB 
man  die  Tiefen  e  der  oberen  Strahlgrenze  unter  einer  Wagrechten  ab- 

greifk,  welche  um  die  Geschwindigheitshohe  -r-  der  Ankunftsgeschwin- 

digkeit  U  hoher  als  der  Oberwasserspiegel  liegt,  und  dafi  man  eine 
oberste  Reihe  Eurvenquadrate  bildet,  deren  Seitenlangen  s  man  zu  Y^ 

1)  M^moire  de  TAcad.  des  sciences  60  (1907),  S.  35—37. 

2)  Ebenda  S.  47;  Paris,  C.  R.  146  (1907),  S.  10. 

8)  Th^e:  Contribution  k  la  theorie  de  r^coolement  sur  les  d^venoirs, 
Paris  1908. 

4)  Enzyklop&die  der  math.  Wissensch.  IV  2  Heft  8  »  4,  S.  414. 
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Terkehrt  proportional  macht.  Da  im  betreffenden  Quadrat  die  Geschwin- 
digkeit  y2gg  herrscht^  fliefit  durch  jedes  Quadrat  der  obersten  Schicht 
fiber  die  quer  zum  Bild  gemessene  Langeneinheit  dieselbe  Menge 

s  y2ge  m*  sec"  *. 

SchlieBt  man  an  diese  Schicht  eine  zweite  Quadratschicht  und  so  weiter 
aUy  derart,  dafi  Scharen  sich  rechtwinklig  schneidender  Euryen  ent- 
stehen,  so  betragt,  wenn  die  Reibung  yemachlassigt  wird,  nach  dem 
Str5mungsgesetz  YoUkommener  Fliissigkeiten  (s.  oben  S.  16)  auch  in 
jedem  spateren  Quadrat  der  Durchflufi  sy2gz.  Bei  n  Schichten  betragt 
daher  der  gesamte  Ergufi  ^ — 

wobei  s  und  g  fOr  ein  beliebiges  an  der  Oberflache  gelegenes  Quadrat 
zu  nehmen  sind. 

H.  JBHasius^)  behandelt  dieselbe  Aufgabe  durch  konforme  Abbil- 
dungen,  wobei  er  die  Abbildungen 

Z-logiiati=|  +  2*, 

aofeinander  folgen  Ufit.  Hier  bedenten  X,  %■  and  Z  komplexe  GroBen, 
die  in  bekannter  Weise  geometrisch  dargestellt  werden,  and  ist 

Z_a-'/.(a;  +  ,y). 

Er  erhalt  schliefilich  die  StrSmungslinien  eines  Uberfallstrahles,  deseen 
Oberflache  der  Gleichnng 

<"»  '-Y, 

gehorcht.  Die  unterste  Stromungslinie  bil- 
det  ein  Eck  von  120^^  an  welchem  sich  der 
Strahl  loslosen  wiirde^  wenn  man  sie  als 
WehrrUcken  wahlen  wollte.  Es  ist  daher 
nicht  sie,  sondem  eine  hohere  Stromungs- 
linie als  WehrrClcken  zu  nehmen.  Wtlrde  keine  Abldsung  erfolgen,  so 
betrflge  die  Dnrchflufimenge  bis  zur  untersten  Stromungslinie 

(171a)         2  -  y  {~)'^y2gV\-^  0,57  ]/2^ A'^« -  2,525  A'/.. 

Das  ist  demnach  das  unerreichbare  Maximum  des  Ergusses,  welches  bei 
der  gewahlten  Strahlform  der  gedriickte  Strahl  liefem  konnte. 

1)  ZeiUch.  Math.  Phys.  58  (1910),  S.  96;  69  (1911),  S.  4S. 
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87.  UberfSUe  mit  SeiteneinswSngtmg.  Wenn  der  tyberfidl  nicht 
Qber  ein  Wehr,  das  mit  wagrechter  Krone  durch  ein  Zulaufgerinne  darch- 
lauft;  Bondem  nur  fiber  einen  rechteckigen  Wandausschnitt  stattfindet^ 
erleidet  der  Strahl  eine  seitliche  Einschniiraiig^  wodurch  er  bei  gleicher 
1]rberfallliohe  weniger  Wasser  per  Langeneinheit  fdhrt 

J.  Weisbdch^)  wollte  in  einem  solchen  Falle  einerseits  der  Anknnfts- 
geschwindigkeit,  andererseits  der  Einscbniimng  dnrch  einen  Faktor 

in  der  Formel  fUr  den  Ausflufi  Q  Recbnung  tragen. 
Hierin  bedeutet  b  die  Ausschnittbreite,  B  die  Oerinne- 
breite,  h  die  Hohe  des  Oberwasserspiegels  fiber  der 
Wehrkrone,  H  dessen  Hohe  fiber  der  Sohle  des  Zu- 
laufgerinnes.  Weisbach  hatte  aber  nur  bei  einem  Breiten- 
yerhaltnis  beobachtet  nnd  sein  Ansatz  konnte  nicht  stich- 
balten.  N.  Braschmann^  trachtete  das  Prinzip  der 
kleinsten  Wirknng  anzuwenden  und  entwickelte  die  Formel 

(172)  Q  -  (0,3838  +  0,0386  ~  +  ?2?^)  bh  Y2jh , 

die  ihm  mit  den  Yersuchen  von  Castd  und  Lesbros  zu  stimmen  schien. 
F.  Frese^  fand  auf  Grund  eigener  Yersuche  und  solcher  von  Cctsid*'), 
Poncdet  und  Lesbros^),  Lesbro8%  Francis''),  Ftdey  und  Steams^) 

0,017 


(173)      e=»  {0,5755  + 


0,076     \ 
6+1,2/ 


h  +  0,18 

.|l  +  [0,25|'+0,25  +  -,r-^]^)|6*|/27^, 

wobei  die  Gl.  (173)  ihre  GClltigkeit  yerliert,  wenn  h  <  0,1   oder  fftr 
li  —  0,2  bzw.  0,6  m  die  Breite  b  <  0,1  bzw.  0,5  m  ist.   Auch  muB  fftr 

6:B  =  0,9    0,8    0,7     0,5    0,3    0,2    0,1 
A:JT<0,1     0,2    0,3    0,4    0,5    0,7     1,0 


1)  Lehrbach  1,  Braonschw.  1846,  S.  419. 

2)  Riihlmann  zitiert  S.  306:  Brasi^manft,  Sur  Tapplication  da  piincipe  de 
moindre  action  k  la  determination  da  Tolame  ...,  Moekaa  1862.  Aaszag:  Giyil- 
ingen.  (2)  9  (1868),  Sp.  449. 

3)  Z.  d.  V.  deatsch.  Ing.  84  (1890),  S.  1389,  1866. 

4)  J,  F.  tTAuhuisson,  Traits  d'hjdraaliqae,  2.  ^d.,  S.  81,  82. 
6)  Paris,  M^m.  pr^s.  par  div.  say.  8  (1832),  S.  486. 

6)  Ebenda  13  (1862),  S.  79  u.  f.,  410,  422. 

7)  Lowell  hydraalic  experiments,  4.  Aail.,  S.  122. 

8)  Am.  Soc.  Civ.  Eng.  Trans.  12  (1883),  S.  110. 
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bleiben.  Bald  nach  Frese  nahm  0.  CanovetH^)  Messungen  yor,  deren  Er- 
gebnisse  innerhalb  des  gekennzeichneten  Oeltungsgebietes  mit  GL(173) 
leidlich  stimmen,  wahrend  ftr  6  —  0,5,  J8  —  0,75,  h  =  0,55  bzw.  0,6 
und  H  »"  0,95  bzw.  1  m,  also  bh  »>  0,38  bzw.  0,4  BH  die  MessuDg  das 
l,15fache  bzw.  l,25fache  der  Gleichung  (173)  ergab.  Spatere  Yersuche, 
die  sicb  bei  £«  1,38  m  von  b  »  0,2  bis  1  m  und  yon  h  »  0,05  bis  0,2  m 
bewegten,  stellte  K.  Kinzer^)  an.  Die  gemessenen  Mengen  dbertrafen 
durchweg  die  Q  der  Gl.  (173),  aber  fQr  h  >  0,1  nur  um  1,5  bis  2  Prozent. 
Kineer  stellte  auch  die  eigene  Formel 

(173a)    g -(0,4342 +  0,009  A -0,0777  A)  6 y^  (a +^y* 

anf,  die  mit  seinen  Messungen  gut  stimmt  und  yon  ihm  mit  anderen 
Messungen  nicht  yerglichen  wurde.  Fiir  scharf  kantige  Wehre  mit  yoll- 
kommenem  CberfaU  und  seitlicher  Einschnfirung  ist  also  heute  FreseB 
Formel  als  die  mafigebende  zu  betrachten,  aUerdings  nur  innerhalb  des 
genannten  Geltungsgebietes.  In  (173)  rtihrt  der  zweite  Elammerausdruck 
yon  der  Ankunftsgescbwindigkeit  ber,  so  dafi  gegentlber  (159)  das  Yer- 
baltnis 

=  im  Mittel  etwa  0,93 

als  Wirkung  der  seitlichen  Strahleinschnilrung  angeseben  werden  kann. 

Erwahnt  sei  bierzu,  daB  als  c7!  J..  Lesbros^)  die  Zusammenziehung  des 

Strahles  durcb  Einbauten  bescbrankte,  er  fand,  daB  bei  gegebener  tlber- 

faUbreite  die  Hebung  einer  eingebauten  Sohle  eine 

Zu-  oder  Abnahme  yom  Q  bewirkte,  je  nachdem  die 

lotrechten  Leitwande  weit  yon  der  CfiFnung  abstanden 

oder  nahe  an  letztere  gerflckt  worden  waren.    Daher 

fand  Le^os  insbesondere,  daB  bei  beidseitiger  FtLbrung 

oder  auch  bei  Fdhrung  an  der  Sohle  mehr  Wasser 

iiberfallt,  als  bei  gleichzeitiger  Einfassung  an  alien 

drei  Grenzen. 


1)  Annali  della  society  degli  ing.  e  degli  architetti  ital.  6  (1891),  fasc.  2, 6. 

2)  Z  d.  5Bt.  I.  u.  A.y.  49  (1897),  S.  647.  Kineers  Ansicht,  dafi  seine  Formel 
anch  fclr  Beitlich  nicht  eingeBchnflrte  Strahlen  gelte,  ist  kaum  begrdndet.  Er  spricht 
sich  ebenda  fiber  Bcusins  Formel  abf&llig  anB,  welche  er  aber  mifiversteht.  Her- 
manek  bat  sein  willkfirlicheB  Verfahren  auch  auf  t^berfM^Ue  angewendet,  Wien. 
Ber.  112  (1908),  S.  901  f. 

3)  Paris,  M^m.  pr^s.  par  div.  Bar.  18  (1862),  S.  222. 
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F^  unvoUkommene  scharf  kantige  tTberf  alle  mit  seiHicher  StraJdein- 
scknUrung  setzte  P.  Richdmy^)  axif  Gnmd  eigener  Yersuche  bei  gleicher 

Bezeichnnngsweise  wie  oben  S.  304   fQr   Aj :  Aj  =  1,2 
U,         — jf—    bis  4,5,  feraer  ft  :  (Ai  — A,)  —  2  bis  7  und  geringe  An- 
g       |~    kunffcsgeschwindigkeit 

I  (174)        Q^hy2g(\-h,)  {0,3787 (A,-*,) 

cT*.  Lesbros*)  befaBte  sich  mit  dem  Einlauf  in  eine  an  den  recht- 
eckigen  (nur  24  cm  breiten)  Wandausschnitt  eines  Behalters  anstofiende 
Rinne.  Weil  in  ihr  der  Spiegel  sich  zonachst  senkte  nnd  erst  in  einiger 
Entfemnng  yom  Wehr  wieder  hob,  erachtete  Lesbros  nicht  die  Hohe 
des  Unterwasserspiegels,  wo  er  wieder  eben  ist,  sondem  die  Hohe  hjj 
des  Wellentales  fiber  der  Rinnensohle  als  maSgebend  ftir  den  Ergafi  Q. 

Dementsprechend  lautet  seine  Formel 

(173)  Q-lHzbh,y2gih,-hn), 

wobei  fur 

(^I  —  *n)  :  ^l  —  0,004     0,006     0,008     0,01       0,02       0,03       0,06       0,1 
^jj  «  0,480     0,666     0,606     0,696     0,670     0,646     0,622     0,616 

(*I  —  *n)  •  ^11  ^  0*2         0,3         0,4         0,6 
^jj  ==  0,607     0,497     0,487     0,i74 

sei. 

Die  bis  heute  yorgenommenen  E}q)erimentalnntersuchungen  be- 
handeki  die  beiden  Grenzf  aUe  einer  beiderseitigen  Ftihrung  des  Wassers 
und  eines  Wandausschnittes.  Sehr  haufig  will  man  aber  wissen,  wie  sich 

ein  Wehr  verhalt,  das  stromauf  mit  FlUgeln  ver- 

sehen  ist.  Dem  lebhaften  Bedtlrfnis  nach  Formeln 

far  seiche  Wehre  kam  G,v.  Wex^)  nach,  dessen 

AusfQhrungen  freilich  zum  Teil  unhaltbar  sind*). 

.    ♦  JL^^^'^^'^''    ^^®  ^^'  ^^®  ®^  Bchrage  Flttgel  berticksichtigt, 
yy/////////  kann  man   aber  in  Ermangelung  eines  anderen 

Verfahrens  beibehalten.   Er  nimmt  namlich  an,  dafi,  wenn  der  Fldgel 
den  Winkel  2^^  mit  der  Stromrichtung  einschlieBt,  die  Geschwindigkeits- 

hohe  —  des  ankommenden  Wassers  mit  cos'  9^  multipliziert  die  tTber- 

1)  Torino,  Memorie  (2)  14  (1854),  S.  290,  299. 

2)  Paris,  M^m.  pr^s.  par  div.  sav.  18  (1862),  S.  261,  437,  490.  Siehe  oben 
die  Bemerkung  yon  SaXle»  zu  Gl.  (166). 

8)  WtXf  Hydromechanik,  Leipzig  1888. 

4)  Siehe  F,  Frese,  Z.  d.  V.  deutech.  Ing.  32  (1888),  S.  808;  Fh.  ForMeimer  in 
Enzyklop&die  d.  math.  Wissenschaften,  4.  Bd.  Mechanik,  3.  Teilbd.  (1906),  S.  418. 
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fallhohe  yermehrt.  Man  konnte  nun  derart  Torgehen^  daB  man  bei  einer 
Breite  b.  dee  auf  den  Fltigel  entfallenden  FluBstreifens,  als  Erhdhung  der 

UberfaUhdhe  des  ganzen  die  Breite  J3  besitzenden  Wassers  —  •  ^  cos' 9 

ansieht,  wahrend  man  far  den  mittleren  Streifen  von  der  Sreite  B  an 

Bazin  ankntlpfend  « v~  r^  hinzufiigt  (siehe  Ql.  (158)).    Man  hat  dann, 

wenn  beidseitig  Fltigel  yorhanden  sind, 

Q  '^~^V2~gl\h  +  ^(^5  +  ^  coflVi  +  ^  cos>,)]  '* 
oder,  weil  angenahert  bei  einer  Oberwassertiefe  H 

jj        2    ^Y2^bh"^^ 
^  ^  S         BE 
ist, 

(176)«--iMl/2^&A'/.[i  +  o,33^%(-J.|  +  |'co8V,  +  i'co8V,)]. 

Eine  andere  Methode  bestande  in  der  Ausrechnung  yon  Q  nacb  den 
beiden  Freseschen  Formeln  (159)  nnd  (173),  Einscbaltung  nach  dem 
GefQlil  zwischen  beide  Ergebnisse  und  entsprechende  Anderung  yon  ft 
bei  nicht  scbarfen  Eanten  auf  Grund  der  JBa^rinschen  Angaben  der  yer- 
schiedenen  q:  qi^ 

Den  EinfluB  der  Scbragstellung  eines  scharf  kantigen  Webres  unter- 
suchte  ursprUnglich  P.  P.  BoUeau^)  und  neuerdings  0.  (7.  Aichd^\  wel- 
cber  die  BeKbock^a^en  Yorrichtungen  benutzte.  Wird  beim  normalen 
Wehr  der  ErguB  Clber  die  Langeneinbeit  entsprecbend  ^^^^/;^v^--^/^/^;^^^ 
der  Bauweise  der  Ausdrtlcke  (158  b)  und  (159) 


q^\(^[l-\.Q,bb[^f\hy2gh 


V/////////////////////// 


gesetzty  so  ist  beim  scbragen  Wehr,  das  einen  Winkel  €  mit  der  Oerinne- 
richtung  einscbliefit,  bei  gleicher  tTberfaUhohe  %  und  Oberwassertiefe  H. 
der  ErguB  pro  Langeneinbeit  Wehr  kleiner,  namlich  nach  Aichd  nur 

worin  das  sin'f  im  Nenner  daher  kommt,  daB  das  Gerinne  enger  als 
die  Wehrlange  ist,  womit  die  Ankunftsgeschwindigkeit  wachst. 
Flir  den  praktischen  Gebrauch  schreibt  Aichd  statt  dessen 

(176»)  q  -  -;-^,to[l  +  0,55  {^)']hy2^, 

1)  Traits  de  la  mesure  des  eaux  courantes,  Paris  1864. 

2)  Ezperimentelle  Untersuchungen  Clb.  d.  AbfloB  des  Wassera  . . . . ,  Disser- 
tation, Mfinchen  u.  Leipzig  1907,  S.  34,  41,  76,  78;  Mitteilungen  ub.  Forschungs- 
arbeiten,  Heft  80,  Berlin  1910. 
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worm 

^-^-j, 

und  sei  fUr 

£ 

=   15«       300 

45» 

60» 

75"     90» 

bei  0,25  m  Riimenbreite 

Q 

-0,305    0,632 

0,893 

1,923 

6,579    oo 

„    0,5   m 

» 

Q 

-0,362    0,700 

1,250 

2,275 

6,579    oo 

Ftir  ein  gebrochenes  Wehr  yom  Grundrifi  untenstehender  FigurfiEmd 
Aichd^)  den  durchschnittlichen  Ergafi  pro  m  Webrlange 


(176b) 
worin 


2^ 


{^,  +  Vj^'-T]^y~29K 


r  *=  -r- 


2   b,n* 


N 


(0,515  + 


0,004      \ 


; 


mv/4m 


"4 


8    6i»ir»'     ro— y-;—    •    /j  +  o,0198, 

sei  und  \  die  Rinnenbreite,  &,  die  Lange  der  tJberfallkante  bezeichnei. 

V/////////////^/////A  ^®^  ErguB  liber  die  Langeneinheit  eines  gekrCLmm- 

ten  Wehres  fand  der  Oenannte  fftr  a  ^  45®  ^^.^^^^;^^^.^^^^:^/». 
imgefahr  gleich  dem  fiber  die  Langen- 
einheit eines  schragen  Wehres,  welches 
die   Gerinnewande    unter   dem   gleichen 
Winkel  «  triflft  ,  'J/y/^////f////////////y. 

88.  Orondablftsse.  Als  Ghmndwehr  von  der  Hohe  Null  mit  Seiten- 
einschnfirung  kann  man  auch  seitliche  Einengungen  bei  dnrchlaufender 
Sohle  (Grundablasse,  Schiffsdurchlasse)  betrachten.  J.  A.  Lesbros^  und 
P.  Richdmy^)  gaben  fQr  yerschiedene  yon  ihnen  getroffene  Anordnungen 
Koeffizientenreihen.  Ersterer  untersuchte  Offhungen  yon  nur  0,2  m  Weite, 
an  die  sich  frei  ausgiefiende  wagrechteBinnen  (Wasserspeier)  yon  gleicher 

Weite  und  3  m  Lange  anschlossen.  Fiir  die  Fennel 


W//////m^yy/y//A 


I_ 

I 

1 

II 

r" 

III 

^ 

.* 


02 

*  •    (177) 


Q-la^aV^ghV'^, 


worin  h  die  Hohe  des  Oberwasserspiegels  in  einiger 
EntfemuDg  yon  der  Offnung  fiber  der  Sohle  bedeutet, 
fand  Leshros  ftir  die  beiskizzierten  Bauweisen  nach- 


—    S  fa 

\ 

1 

=  0,06 

0,06 

0,08 

0,10 

0,12 

0,14 

0,16 

0,18 

0,2  m 

I 
'     n 

1    m 

1 

0,268 
0,267 
0,272 

0,281 
0,280 
0,296 

0,294 
0,296 
0,804 

0,802 
0,804 
0,818 

0,808 
0,810 
0,820 

0,812 
0,314 
0,326 

0,316 
0,317 
0,829 

1 

0,819 
0,819 
0,888 

0,828  - 

0.822 

0,836 

1)  DiBsertatioD,  S.  88  a.  briefliche  Mitteilung. 

2)  Paris,  M^m.  pr^s.  par  div.  sav.  18  (1862),  S.  14,  266,  488. 

3)  Torino,  Memorie  (2)  14  (1864),  S.  306  u.  f. 
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Bichdmy  behaupiet,  daS  ftLr  Tollkommene  Abrundung  an  der  t^ber- 
gangsstelle 

(177a)  Q'-iyTg  {0,299 {\- h,)  j/^cii^)  +  |-' 


+  0,855  »,"|/a.-A,+  ^) 

sei. 

B.  Tolman^)  nahm  an  einem  FloBdurchlaB  der  Moldau  Messnngen 
Yor.  Anf  die  Offiiung  yon  &  »  12  m  Breiie  folgen  daselbst  45  m  wag- 
rechte  Strecke,  48  m  nnter  der  Neigung  1 :  200,  36  m  unter  der  Nei- 
gang  1 :  100  nsw.  Es  zeigte  sich,  daB  der  Unterwasserspiegel  etwa  die 
Hobe  h^  fiber  der  Soble  der  wagrecbten  Strecke 
annabm,  welcbe  der  AnsfluB  Q  bei  gleichformiger  K 
Beweg^g  auf  der  nacbstfolgenden  unter  1  :  200 
geneigten  Strecke  annebmen  wQrde.  Fiir  den 
Ansflufi  nabm  Tolman  die  Formel  (164)  mit  der  Ankunftsgeschwindig- 
keit  Nnll  und  mit  ftj  =  fij^  also 

(177b)  C-f6(2Ai  +  A,)y2(7(Ai-7g 

nnd  ermittelte  mit  Q  «-  26m'sec~*,  \  =»  1,2,  7*^  —  0,7,  6  =  12,0m  den 
Koeffizienten  ftj  oder  fij^  =»  0,64. 

Yon  den  yon  Lesbros  und  yon  Tolman  bebandelten  Fallen  unter- 
Bcbeidet  sicb  derVorgang  bei  Stromung  durcb  eine  Bruckenoffnung  da- 
durcb,  daB  bei  ibm  die  Ankunfksgescbwindigkeit  meist  erbeblich  und 
der  Breitenunterscbied  zwiscben  Oberwasser  und  Offiiung  gering  ist. 
Will  man  bier  nicbt  die  Gleicbungen  (117)  bis  (119)  benutzen,  so  kann 
man  abniicb  wie  Mary  bei  Betracbtung  des  Grundwebres  (GL  (165))  yor- 
geben.  Bedeutet  U^  die  mittlere  Gescbwindigkeit  oberbalb  der  Brtlcke, 
Uf  jene  in  der  Briickenoffiiung,  F  den  Querscbnitt  des  ungestauten 
Stromes,  B  die  Spiegelbreite  oberbalb  der  Briicke,  b  die  Offiiungsweite, 
a  die  mittlere  Tiefe  in  der  Offiiung,  h  die  Staubobe,  so  betragt  die  Tiefe 
oberbalb  der  Brdcke  a  +  h  und  ist 

TT  ^     -^ 
*^i       F+Bh' 

In  der  Brdckenoffioiung  findet  eine  Einscbntirimg  statt,  deren  Betrag 
(ygL  die  Einscbndrung  in  Ansatzrobren,  Gl.  (145)  u.  f.)  man  -»  0,8  bis 
0,95,  bei  Zwiscbenpfeilem  mit  zugescbarften  Yorkopfen  »  0,9  bis  0,95 
und  bei  im  Yergleicb  zur  Pfeilerdicke  groBer  Licbtweite  sogar  nabezu 
»  1  zu  setzen  pflegt^.   Man  bat  demnacb 

1)  AUgem.  Baaz.  69  (1904),  S.  106. 

2)  O.  Tolkmitt,  Grandlagen  der  WasserbankuDst,  Berlin  1898,  S.  126. 
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und  naclKdem  JBemotiJ/ischen  Theorem 

(178)         A_^.'-^.'_  ^r/     Q 


ig\Mh{fl  +  h))       \F-\-Bh)v 


e=  68 

4S2 

779 

817 

735 

996 

1123 

1318 

2370  m« 

6—  73,7 

94,6 

88,5 

91,3 

91,3 

97,6 

94,8 

96,0 

132,4  m 

a  •»  1,425 

2,514 

3,890 

8,700 

3,352 

4,441 

4,901 

5,371 

5,617  m 

i|>  =»  0,90 

0,90 

0,90 

0,90 

0,90 

0,81 

0,81 

0,81 

0,81 

^  beobacht.  »«  0,05 

0,209 

0,261 

0,296 

0,314 

0,345 

0,377 

0,384 

0,540  m 

^  gerechnet=  0,016 

0,220 

0,267 

0,302 

0,328 

0,842 

0,383 

0,426 

0,559  m 

2  2^L\ip6(a  +  W         \F+Bhj 

welche  Gleichung  man  am  einfachsten  lost,  indem  man  zunachst  anf 

der  rechten  Seite  A  »  0  und  dann  den  ersten  angenaherten  Wert  von  h 

einsetzt.   Dafi  das  geschilderte  Verfahren  eigentlich  nur  den  Spiegel- 

nnterscliied  zwischenOberwasser  und  Offnungswasser  und  nicht  zwischen 

Oberwasser  and  Unterwasser  berficksichtigt,  also  die  Erhebung  des 

Wassers  bei  Austritt  aus  der  Brucke  yernachlassigt;  wird  zum  Teil  durch 

die  Wahl  des  Eoeffizienten  rl>  ausgeglichen. 

Beispiel.  ly Aubuisson^)  wandte  seine  Formal  auf  Beobachtungen  an,  die 
Funk  an  der  Weserbrficke  bei  Minden  1799  und  1804  angestellt  hatte,  entnafam 
die  EinBchnflmngsziffer  der  Schfttzung  Funk^  und  fand 

Q  =     68  432  779  817        735  996 

h  »   73,7  94,6  88,5  91,3  91,3  97,6 

a  •»  1,425  2,514  3,890  3,700  3,352  4,441 

^  »  0,90  0,90  0,90  0,90  0,90  0,81 

obacht.  »-  0,05  0,209  0,261  0,296  0,314  0,345 

rechnet==  0,016  0,220  0,267  0,302  0,328  0,842 

Wenn  die  BriickenOffnung  viel  flchm&ler  als  der  Zulanf  und  Ablanf  ist, 
bildet  das  Wasser  sowohl  am  Eintritt  als  auch  am  Austritt  einen  unyoUkom- 

menen  t^berfall  von  der  Lichtweite  h  der  Offiiung  als 
Breite.  Die  beiden  0berfallh5hen  b^  und  z^  kann  man 
nach  einer  der  oben  gegebenen  Formeln,  z.  B.  (164),  be- 
rechnen.  Dies  tut  A,  Hofmann^  nur  scbS.tzt  derselbe 
z^:^  z^,  setzt  fur  beide  StauhOhen  als  Geschwindigkeit 
U  diejenige  U^  des  Unterlaufes  ein,  statt  der  Ge- 
schwindigkeit U^  des  Oberlaufes  bzw.  U^  des  Durch- 
lasses,  und  nimmt  dafur  trotz  seitlicber  Einzw&ngung 
beim  Eintritt  ftj  =:=  fi,  «» i  an ,  was  sich  kaum  begriinden  l&fit.  Er  berechnet 
also  £^2  "=  ^t  ^^^  ^^^  Gleichung  dritten  Grades 

«-.^Mi[('-+-^T--(f)'"]+'('.+  aT^ 

die  ihm  ubrigens  mit  der  Erfahrung  stimmende  Werte  gab. 

89.  trberfall  bei  gebroohener  Buckenlinie.  Fiir  nicht  rechteckige 
Aussclinitte  liegen  nur  sparliche  Untersuchungen  vor.  Bei  dreieckigem 
Ausschuitt  ist^  wenn  dieser  als  Ausflufioffiiung  aufgefaBt  wird  (siebe 
01.  (142a)  und  das  zugehorige  Beispiel  mit  z^^  e^^  0) 

(179)         «-^^>^2^(^2V/-+&«V0'=i5f^l/2~^Z^VS 

1)  Traits  d'hydraulique,  2.  ^d.,  1840,  S.  206. 

2)  Weifie  Eohle  4  (1911),  S.  188,  886,  400. 
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worin  6  die  Breite  im  Spiegel,  a^  die  Tiefe  des  Eckpunktes  unter  letz- 
terem  bedeutet.   J,  Thomson^)  sah  den  Hauptwert  einer  solchen  Form 

J* *. ^         in  der  grofieren  Unabhangigkeit  vom  Zulaufge- 

■}    rinne,  empfahl  sie  fiir  MeB-    ^^^....o/. ^ 

^t   sswecke  nnd  bestimmte  experi-    ^iy V^t 

-'    mentell  (i  =  0,62  oder                     >0-I-V^      ^* 
^  =  0,736  V-.  N^ ^ 

J.  Barr^)  nahm  die  einschlagigen  Yersuche  wieder  auf  und  fand  fQr  eine 
polierte,  gut  zugescliarfte  Platte  mit  rechtmnkligem,  dreieckigem  Ans- 
Bclinitt  ji  angenahert  —  0,6,  namlich  in 

(179a)  G-/*,V« 

(bei  einer  Qerinnetiefe  yon  mindestens  3  bzw.  4jg^  bei  0^^  7,5  bzw.  10  cm 
nnd  einer  Gerinnebreite  von  mindestens  8^?,)  f&r 

;?, -0,05    0,75    0,10    0,15    0,20    0,25  m 
ft, » 1,42     1,41     1,40     1,39     1,38     1,38 

Bei  rauher  Beschaffenbeit  der  Platte  auf  der  Oberwasserseite  stieg  der 
Ergufi  Q  um  etwa  2  y.  H. 

(7.  Gipoletti^)  stellte  sich  die  Aufgabe,  ein  Webr  so  zu  bauen,  daft 
bei  alien  Wasserstanden  derselbe  Eoeffizient  gilt,  den  er  dann  mit  we- 
nigen  Messungen  ein  f&r  aUemal  feststellen  wollte.  Er  glaubte  dies  zu 
erreichen,  indem  er  die  Wangen  unter  y^  (d.  h.  1  wagrecht  auf  4  lot- 
recht)  bdschte,  und  er  ermittelte  ffir  das  betreffende  Webr  yon  rundem 
Riicken 
(179b)  Q  «  -?- 0.629 1/2^ 6*"/.  =  1,866 A'/«, 


3 


•  < 


wbbei  6  die  Riickenlange,  h  die  t]^berfallbobe  bedeutet.  Die  Ankunfts- 
geschwindigkeit,  die  im  betreffenden  Falle  zu  gering  war,  beriicksicb- 
tigte  er  nicht  weiter.  Eine  Nachpriifung  yon  CippoleU^  Formel  yon 
anderer  Seite  bat  bisher  nicbt  stattgefunden. 

90.  XJberfall  liber  ein  Streiohwehr.  Man  kann  yermeiden,  daB  in 
einem  Gerinne,  Werksgraben  oder  Siel  der  Wasserspiegel  eine  zu  hobe 
Lage  annimmt,  indem  man  eine  Seitenwand  mit  einem  Ausschnitt  yer- 
siebt,  liber  welcben  das  Wasser  ilberfallt.   Dieser  Teil  der  Seitenwand 

1)  British  Association  Report  1868;  Civil  Engineer  and  Architects  Journal 
24  (1861)  Dez.,  26  (1868)  April. 

2)  Engineering  89  (1910),  S.  485,  478. 

8)  a  Cipoletti,  Canal  Villoresi,  Mailand  1887,  A,  D.  Flinn  u.  C.W.Dyer, 
Am.  Soc.  Civ.  Eng.  Trans.  82  (1894),  S.  9. 
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bildet  dann  ein  Strekhtoehr.  Fiir  den  Dnrchflafi  im  Gerinne  gilt  hier 

(worin  F  der  Qaerschnitt^  U  die  Gescliwindigkeity  R  der  ProfilradiuB, 
J  das  Spiegelgef  alle  in  der  Langsrichtang)  nnd  zugleich  bei  EinfQhrong 
stromauf  zu  messender  Abszissen  x,  weil  langs  des  Streichwehrelemen- 
tes  dx  die  Menge  d  Q  Uberf allt^  bei  einer  Hohe  g  des  Spiegels  fiber  der 

„i  Wehrkrone  (Oberfallschwelle)  nacb  (156) 


Die  Strdmungsgeschwindigkeit  des  Wassers  diirfte,  weil  senkrecbt  zor 
'Dberfallschwelle,  nicht  weiter  in  Betracht  zu  ziehen  sein.  Meistens  bat 
man  es  mit  einem  Binnsal  zu  tun,  bei  dem  die  Wasserbeweguug  von 
den  Vorgangen  im  Unterlauf  beberrscht  wird,  d.  h.  meistens  ist  das  un- 
terste  is  als  mafigebend  zu  betracbten.  Yon  bier  ans  erstreckt  sicb  ein 
Spiegel  Ton  schwacb  gekrammtem,  konkavem  Langenscbnitt  bis  zum 
oberen  Ende  des  Ausschnittes,  yon  wo  aus  eine  konvexe  Senkungskunre 
die  Verbindung  mit  dem  weiter  stromauf  durcb  die  jeweiligen  Anord- 
nungen  festgelegten  Wasserspiegel  herstellt.  Bei  kurzen  Ausscbnitten, 
wie  man  sie  bei  den  Notauslassen  stadtiscber  Siele  anwendet,  kann  man 
ein  und  dasselbe  g  fiir  das  ganze  Streichwehr  annehmen^).  Bei  einer 
Streichwebrlange  I  bat  man  dann  den  gegebenen  Zuflufi  Q^ 

(180)  Q,^cFYBJ+y(^^V^^ 

Jedem  Spiegel  entspricbt  ein  bestimmtes  F,  B  und  g  und  die  L5sung 
bestebt  darin^  dafi  man  die  Spiegellage  so  andert,  bis  mit  dem  Oef  alle  J 
des  stromab  ftihrenden  Eanales  die  Qleicbung  (180)  erfQllt  ist.  Ist  — 
wie  baufig  bei  Werksgraben  —  die  Streichwebrlange  I  so  groB,  dafi 
sicb  0  merklicb  andert,  so  mufi  man  das  Wehr  in  Einzelstrecken  zerlegen.' 
Fiir  ein  breites  Gerinne  und  wagrechte  Wehrkrone  so  wie  Gerinne- 
soble  kann  man  ubrigens^  wie  Ph.  Forchheimer^  bemerkt,  Q  leicht  als 

1)  J,  Hermanek,  Z.  d.  Ost.  I.  u.  A.Y.  45  (1898),  S.628.  Deraelbe  gibt  anch  oin 
Verfahren  f!Lr  tTberflllle,  die  gegeniiber  der  Einmundung  eines  Seitenkanales  liegen, 
ebenda  S.  687,  668.  P.  Kresnik  nimmt,  Wasser-  u.  Wegebau  4  (1906),  S.  67,  am 
2T1  einer  LOsung  zu  gelangen,  an,  man  dflrfe  sowohl  die  Wasserfuhmng  onterhalb 
der  Streichwehrkrone  (oder^  wenn  das  Wehr  ein  Gmndwehr  ist,  onterhalb  seines 
Unterwasserspiegels) ,  als  anch  die  Geschwindigkeit  oberhalb  der  Wehrkrone 
(bzw.  des  UnterwasBerspiegels)  als  von  z  unabh&ngig  betrachten.  WillktLrlich  geht 
Chauvin  vor;   dentsch  in  B,  Weifratuih,  Hydraulisches  Rechnen,  2.  Aufl.,  S.  167. 

2)  Enzjklop&die  d.  mathem.  Wissenschaften,  4.  Bd.  Mechanik,  3.  Teilbd., 
S.  419  Fafinote. 
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Funktion  tod  z  darstellen,  well  man  dann  bei  einer  Gerinnebreite  h  and 
Wehrhohe  h 


oder 


und  andererseits 


dx^       '       ^« 


hat.  Es  folgt  durch  Gleichsetznng  beider  Ausdrtlcke 

oder 
(181)     4^c«>/2^6«(yA»i?v.  +  i.A«//.  +  i.A^%4.1^v.)«^4.konst. 

Diese  Gleichung  kann,  wie  nunmehr  dargelegt  werde,  mit  Vorteil  be- 
nntzt  werden,  wenn  ein  langes,  nahezu  wagrechtes  Streichwehr  Torhan- 
den  ist,  wie  dies  bei  Einfangen  von  Ejraftwerken  haufig  zatrifit.  Hier 
wird  der  Abflufi  im  Gerinne  (Obergraben  des  Werkes)  von  unten  be- 
herrscht  (ygl.  S.  144).  Bezeichnet  die  Eennziffer  Null  das  untere  lO^ber- 
iallende  {x  »  0),  so  hangt  also  der  Yorgang  vom  Abflofi  Q^  im  Obergraben 
und  Yon  seiner  Wassertiefe  A  +  ^o  ^^-  ^^jn  hat  dann 

(181a)     4^cV2^6«[i?'/.(|/,»  +  i-fct^  +  T*^'+  H  ^) 

-  V«(|  A»  +  I A'^o  +  4  A  V  +  A  V)]  -  «•-  Co^ 
oder,  wenn  man 

(18U)  4„^,(if[i+-;./.+fj;+ii.']-«(i) 

setzt, 

<181c)  c»6»r/.[<I>(i-)  -  *(:J)]  -  ^-  «2„». 

Mit  dem  Mittelwert  4f(  )/2^  —  11  ist  hier  fdr 

y       ->     0,05  0,1  0,16         0,2       0,26      0,S      0,36      0,4      0,46      0,6 

^/~^=  0,00137    0,00866    0,0261    0,0690   0,118   0,196  0,316  0,479   0,700  0,990 

WUrde  der  Ergufi  tlber  die  Langeneinheit  Streichwehr,  fdr  welchen  die 
Bezeichnnng  q  eingefQhrt  werde,  von  q^  bis  q  gleichmafiig  langs  des 
Streichwehres  wachsen,  so  hatte  man  f(ir  den  tTbersturz  zwischen  0  und  x 

<18id)  ?4-«-  X  -  -''-1^'^'(V+  ^•'•)^- 

VoTchheimer:  HydrauUk  21 
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Tragt  man  aber  die  x  als  Abszissen,  die  q  als  Ordinaten  auf;  so  erhalt 
man  nicht  eine  6erade,  sondem  eine  Eunre  mit  der  Tangentenneigong 


Die  Eurventangenten  in  den  Punkten  mit  den  Abszissen  0  nnd  x  schlieBen 
also  miteinander  einen  Winkel 


ein.  Beriicksichtigt  man  dies^  so  kann  man  hinreichend  genan  die  Flacbe 
zwischen  der  g-Eurve  und  der  Abszissenachse  finden^  indem  man  nocb 
eine  Bogenflache  von  der  Sehne  x  und  dem  Pfeil  ^a;i/  in  Abzug  bringt. 
Man  kann  also 

(i8i.)/;.x-e-e.-^jv.+^-.-jij,.(^^.-i^.)l. 

0 

setzen  nnd  aus  dieser  quadratiscben  Gleicbung^  nachdem  man  Sf  ans 
Gl.  (181c)  ermittelt  hat^  die  zur  Yerminderung  des  Durchflusses  Q  auf 

Qo  notige  Streicbwehrlange  x  berecbnen.  —  Steigt  der 
TT       ^ —    Wehrriicken  an,  so  kann  man  ihn  als  abgetreppt  behan- 

deln.  Auf  die  Sohle,  deren  Zustand  baufig  obnedies  un- 
bekannt  ist,  kommt  es  viel  weniger  an. 

Re i spiel.  Im Obergraben  von  6  =»  10 m  mittlerer  Breite  and  h-^-z^^^^^lm 
Wasflertiefe  sollen  Q^  a  16  m^  sec"  ^  weiterfliefien ,  wenn  Q  ».  80  m'  sec  ^  in  ihn 
eintreten;  c  sei  ss  40  m^>>  sec  ^  und  der  Streichwehrrficken  liege  2  m  fiber  der 
Sohle,  wonach  ZQ  =  0^1m  ist.  Wie  lang  mnfi  das  Streichwehr  werden?  Aus 
^o:^==0,06  folgt  ^(z^)  —  0,00187,  waiter,  well  V*'«  «=  46,26  igt,  nach  (181c) 

1600  .  100  .  45,26  [<>(z)  —  0,00187]  —  27000  —  4096  «  22904 

and  hieraas 

*(£r)  «»  0,003163  +  0,00137  =«  0,00468. 

Hierfur  zeigt  sich  v- "»  0,079  oder  ira- 0,168  m.  Danach  nimmt  (181  e)  die  Form 

U  -  0,92  {  0,0816  +  0,0628  -  -*—  (M»ll!«?  _  <!^1?  l^^)  ]  ^ 
'       I   '  ^    '  640000  \     10,06  9,26      // 

an,  Oder  16,22  =  0,0944a;  —  0,00004204a;*_oder  a:'~  2246a; »  —  362100  and  gibt 
die  gesachte  L&nge  x  ^  1122,6  —  ]/897~900  =  174,9  m.  Nach  (181  d),  d.  h.  ohne 
RQcksicht  auf  die  KriUnmang  der  g-Karve  h&tte  sich  x  nur  ^^  161,2m  ergeben. 


91.  Seerflckhalt 


323 


ZI.  FfUlnng  nnd  Entleenmg  von  Wasserbeoken  nnd  OefUen. 

Ein  Wasserbecken  kann  Wassermengen  empfangen  oder  solche  ab- 
geben  oder  aucb  gleichzeitig  einerseits  gespeist  werden^  andererseits 
einen  Ablauf  speisen.  Diese  Vorgange  umfassen  zahlreiche  Probleme, 
die  zum  Teil  wesentlich  die  Wirkung  eines  in  einen  Wasserlaof  ein- 
geschalteten  Beckens  auf  ersteren  betreffen^  znm  Teil  in  engerem  Zu- 
sammenhang  mit  dem  Ausflnsse  durch  Offnungen  und  Uberf alle  stehen. 
Die  Aufgaben  der  ersten  Art  sollen  znnachst  betrachtet  werden. 

91.  SeertLoklialt.  Gleichnng  (111  c)  bringt  zum  Ausdruck,  dafi  ein 
Hochwasserschwall  bei  Eintritt  in  ein  breites  Uberschwemmnngsgebiet 
rasch  niedergebt.  Das  ist  besonders  bei  Eintritt  in  einen  See  der  Fall, 
denn  ein  solcher  nimmt  die  Hochwasser  rascher  auf,  als  er  sie  wieder 
fortlaufen  laBt.  Die  praktiscbe  Aufgabe  bestebt  dann  darin,  rechneriscb 
die  ankommende  Wassermenge  in  die  gleicbzeitig  ablaufende  und  die 
zurtlckgehaltene,  die  ,,Retention''  zu  zerlegen. 

Ist  der  ZufluB  f^{C)  als  Funktion  der  Zeit  t^  der  Abflufi  ^>{h)  als 
Funktion  der  Spiegelbohe  h  (Uber  einem  willkiirlichen  PegelnuUpunkt) 
gegeben  und  ist  der  Abflufi  als  Funktion  f^({)  der  Zeit  zu  sucben,  so 
werden  nach  A,  R.  Harlacher^)  so- 
wohl  die  t  als  aucb  die  h  als  Ab- 
szissen  und  der  Zuflufi  f^(t)y  der 
Abflufi  f^(t)  und  der  Abflufi  tpQi) 
als  Ordinaten  aufgetragen.  Die  Dif- 
ferenz  des  Zu-  und  Abflusses  im 
ZeitinteryaU  A  wird  dann  durcb 
ein  Yon  den  beiden Eurven  fi(t)  und 
f^(t)  und  zwei  Ordinaten  gebildetes 
Trapez  A^A^B^B^  (s.  Figur)  ange- 
geben.  Ziebt  man  von  den  Punkten 
A2  und  5,  der  f^(t)-KuT7e  Parallele  zur  Abszissenachse  bis  zur  (p{hy 
Kurve,  so  bedeutet  das  Produkt  jP  •  Ah  die  Yom  See  in  der  Zeit  A  auf- 
gespeicherte  Menge,  wenn  A  A  die  Differenz  der  h  der  beiden  Scbnitt- 
punkte,  also  den  in  dieser  Zeit  erfolgenden  Seeaufstieg  bezeichnet.  Man 
kann  daber,  wenn  A^,  B^  und  A^  gegeben  sind,  B^  durcb  Probieren 
(oder  die  regula  falsi)  finden,  weil  A^B^A^B^^  F -  A%  sein  mufi,  und 
so  fortscbreitend  die  Aufgabe  losen.  Dabei  kann  man  das  jeweilige  F  von 
der  Eurve  ^{li)  lotrecht  nach  oben  auftragen  und  so  rein  grapbisch 
Torgeben.   Das  Verfahren  hat  heute  nur  geschichtlichen  Wert. 


Achse  der  h 


Hftrlsohen  Yerfmhren  (ohne  Lehrtn). 


1)  Mitgeteilt  Ton  Ign.  PoUak  in  Z.  d.  Sat.  1.-  u.  A.-Y.  47  (1895),  8.  696. 
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Fdr  eine  bei  jeder  Spiegelfaohe  gleiche  Seeflache  F,  also  fur  einen 
See  mit  Steilufern,  hat  A.  B.  Harlacher^)  aufierdem  zur  Aufsuchnng  des 
Punktes  B^  ein  vereinfachtes  Yerfahren  angegeben,  bei  welchem  man 
zwei  Schablonen  benutzt^  von  denen  die  erste^  nur  in  der  A-Richtung 
zu  verschiebende,  die  Kurve  Cj— 9(^)y  ^i®  andere  eine  gerade  Linie 
gibty  welche  den  Winkel  arc  tang  -^  mit  der  Abszissenachse  einschlieBt, 

also  ein  Dreieck  mit  Katheten  im  Verhaltnis  22^  zu  A  benutzt.  Man 
gehe  wie  folgt  vor.  Man  maebe^  wenn  B^  jenen  Punkt  der  Ordinaten- 
linie  B^B^  bedeutet,  der  dieselbe  Ordinate  wie  A^  besitzt,  A^A^^  B^B^, 
ziehe  mit  der  Lebre  2  durch  Anlegen  derselben  an  A^A^  Ton  A^  die 
Gerade  A^E  und  projeziere  den  Schnittpunkt  i^von  A^E  mit  der  durch 

-.4. 


Pig.  k. 


Pig.  B. 


A^  mit  Hilfe  der  Lehre  1  gezogenen  Linie  q)(h)  auf  die  Ordinatengerade 
JB^jBg.  Der  Projektionspunkt  ist  dann  der  gesuchte  j^.  In  der  Tat  zeigt 
Figur  B,  dafi;  fQr  die  durch  sie  erlauterten  Bezeichnungen,  wenn  man 
durch  A^  ein  Achsenkreuz  legt,  die  Gerade  A^F  die  Gleichung 

a  +  b  —  y  '^  2F  ' 

die  Gerade  des  Eurvenelementes  A^F  die  Gleichung 

y^q)X 

besitzt.  FUr  den  Scheitelpunkt  F  gilt  also 

Die  Trapezseiten  A^A^  und  B^B^  haben  die  Langen  a  und 


das  Trapez  hat  daher  den  Inhalt 

a  +  h  —  yp 


^F+q>ti 


FA  (a_+  h)_ 

"  2  "^    2F-[-9A 

und,  da  nach  (182)  der  Seeruckhalt  Fx^  ^  F   C^h  dieselbe  GroBe  er- 
gibt,  ist  B^  richtig  bestimmt. 

1)  Ebenda. 
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Fdr  die  Losung  der  eben  behandelten  und  verwandter  Aufgaben 
ist  es  zweckmaBig  —  in  Anlehnung  an  das  im  Eisenbahnbau  Ubliche 
sogenannte  Massennivellement  —  Massen-  oder  richtiger  Mengenhurven 
einzufuhren.  Diese  stellen  fiir  die  Zeit  t  als  Abszissen 


nnd 


als  Ordinaten  dar,  welche  Integrale  die  Dimension  des  Baumes,  also  die 
Dimension  yon  m^  besitzen^  wahrend  Q^  und  Q^  die  Dimension  Raum 
dorch  Zeit^  also  z.  B.  m^  Tag~^  baben.  Unter  Q^  ist  bierbei  wieder  der 
Zuflufi,  unter  Q^  der  Abflufi  verstanden.  Tragt  man  fiir  die  Zeit  t  als 
Abszissen  auch  die  Q  als  Ordinaten  auf;  so  stellt  die  Ordinate  jeder 
Q-Eurve  denmach  den  DijBferentialquotienten  der  zugeborigen  Mengen- 
linie  (Integralkurve)  dar^  und  je  grofier  Q  ist,  desto  steiler  steigt  der 
in  der  Zeichnung  senkrecht  Uber  Q  gelegene  Teil  der  Mengenlinie  an. 
In  einfacher  Weise  laBt  sicb  mit  Hilfe  der  Mengenkurven  auf  gra- 
phiscbem  Wege  die  Frage  beantworten,  welchen  Stauweiherinhalt  man 
bei  gegebenenZufluS-undVerbrauchsschwankungen  benotigt;  falls 

man  den  Zuflu£  vdUkommen  ausnutzen  will.  Es  srenQ&rt  zu  diesem 

t  t 

Zwecke  die  Linien  /  Q^  dt  und  /  Q^  dt  aufzutragen 

0  0 

und  letztere,  die  Yerbrauchsmengenlinie;  parallel  zu 
yerschieben,  bis  sie  erstere  an  zwei  Stellen  berdhrt. 
Haben  diese  Stellen  die  Abszissen  tj  und  tj^y 
so  lauft  im  Zeitraum  ^  —  ^  so  yiel  Wasser 
in  denWeiher,  als  man  yerbraucht.  Diegrofite 
senkrechte  Entfernung  der  beiden  Euryen  gibt 
dann  den  fiir  die  Periode  ^i  —  ^  notigen  Stau- 
weiherinhalt an;  bis  zur  betreffenden  Ordinate 
flbertraf  der  Zulauf  den  Yerbrauch  und  der 
aufgespeicberte  tJberschuB  wird  dann  bis  zum  Ende  der  Periode  yer- 
braucht. Es  ist  also  hebst  der  BerHhrung  in  zwei  Punkten,  ohne  welche 
eben  keine  yollstandige  ErfQUung  der  Aufgabe  moglich  ist,  noch  er- 
forderlich,  dafi  die  Abflufimengenlinie  urUer  der  Zuflufimengenlinie 
liege.^) 

Bechnet  man  statt  dessen  die  bald  positiyen,  bald  negatiyen  Unter- 
schiede  zwischen  ZufluB  und  Abgabe  aus  und  tragt  die  Summe  der 
XJnterschiede  auf,  so  erhalt  man  eine  bald  steigende,   bald  faUende 


1)  Solche  Snmmenkurven  verwendet  z.  6.  B.  Muller   zur  Ermittelnng  der 
Wirknng  eines  tTberfalles  bei  einem  Stauweiher,  Allg.  Bauz.  78  (1913),  S.  69. 
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Mengenlinie.   Eine  wagrechte  Gerade  bewirkt  dann  einen  Mengenaus- 
gleichy  und  die  grofiie  Erhebnng  Fm^x  tiber  einer  Aasgleichsgeraden 

gibt  den  notigen  Stauweiherinbalt  an.^) 

Handelt  es  sich  um  einen  Seerdck- 
halt,  so  kennt  man  den  Zuflufi  Q^  als 
Funktion  der  Zeit,  kann  also  die  Zu- 


flnfimengenkurye  I  Qdt  zeichnen.  Die 

/       0 

Seeinhalte  j  Fdh  yon  einem  bestimm- 

0 

ten  Niveau  an  aufwarts  kennt  man  jedoch  nur  als  Funktion  der  Spiegel- 
hohe,  sie  liefern  die  Seeinhaltskurye;  endlich  weifi  man  den  Abfiufi  Q^ 
aucb  nur  als  Funktion  (p(h)  der  Spiegelhohe  h.  Tragt  man  die  h  wag- 
recht,  die  (p(h)  senkrecht  auf,  so  erhalt  man  dieselbe  Linie,  die  schon 
Harlacher  hatte,  und  durch  deren  Projektion  auf  eine  und  dieselbe 

yyHilfssenkrechte^'  irn^  man  nach 
Kremiks  Verfahren  *)  auf  dieser  die 
Q^  auf.  Da  die  Q^  die  Differential- 

i 

quotienten   der  Funktion   /  Q^dt 

0 

bildeU;  gibt  die  Yerbindung  eines 
solchen  Endpunktes  mit  einem 
Punkte  C,  der  in  der  Entfernung  1 
Yon   der    Hilfssenkrecbten    liegt, 

die  Tangentenrichtung  der  Abflufi- 

i 

-f^'dh  mengenkurve  /  Q^dt  an.  Hiemach 

0 

kann  man^  wenn  man  diese  Eurve 
bis  zu  einem  Punkte  P  kennt,  das 
nachste  Stuck  PPj  wie  folgt  fin- 
den.  Man  nebme  Pj  versuchsweise  an,  messe  Ton  Pj  senkrecht  hinauf, 
bis  zur  ZufluBmengenkurve.  Dann  stellt  diese  Lange  R  den  Unterschied 

Yon  ZufluB-  und  Abflufimenge,  also  die  im  See  aufgespeicherte  Menge 

t  t 

I  Qrdt^  f  Fdh  dar.  Man  sucbe  nun  den  Punkt  der  Seeinhaltslinie  auf, 


Okt.SoiJkz.      ■  .„]£^^  J    2     3 


Kietnllu  Yerfaliren. 


1)  W.  Bippl,  Min.  Proc.  Inst  Civ.  Eng.  71  (1888),  S.  270. 

2)  Osterr.  Monatsschr.  f  d.  Offentl.  Baudienst  3  (1897),  S.  20;  Kresnik  hat 
sein  Verfahren  auch  auf  Stauweiherfragen  ausgedehnt,  ebenda  8  (1902),  S.  405, 
14  (1908),  S.  686.  —  In  obiger  Fignr  wnrde  die  Hilfssenkrechte  durch  Pj  gelegt, 
also  verschiebbar  eingeftlhrt. 
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dessen  Ordinate  >- 12  ist,  und 
ziehe  Yom  Schnittpankt  letzt- 
genannfcer  Ordinate  mit  der 
^(A)-Linie  eine  Wagrechte 
bis  zorHilfssenkrechten.  Der 
Strahl  Yom  Punkte  C  zu  dem 
von  der  Wagrechten  getrof- 
fenen  Punkte  D  der  Hilfs- 
senkrechten  soil  nun  die 
Neigung  des  Kurvenstfickes 
PPj  haben.  Geht  die  durch 
P  zu  dem  Strahl  CD  parallel 
gezogene  Gerade  wirklich 
durch  den  Punkt  Pi,  so  war 
dessen  Annahme  richtig. 
Anderfalls  liegt  der  richtige 
Punkt  zwischen  dem  ange- 
nahert  angenommenen  Pj 
und  dem  ebenfalls  unrichti- 
gen  Strahl,  und  zwar  naher 
an  letzterem. 

Bisher  wurde  die  Frage 
nach  der  notigen  Grofie  eines 
Stauweihers  yon  dem  Ge- 
sichtspunkte  aus  betrachtet, 
dafi  es  sich  bei  dem  Bedarf 
nur  um  die  Menge  des  Was- 
sers  handelt,  wie  das  z.  6.  bei 

Wasseryersorgungen  der 
FaU  ist;  bei  Kraftanlagen 
kommt  es  aber  auch  auf  die 
H5he  des  Wasserspiegels  an, 
weil  die  Arbeit,  die  Trieb- 
wasser  leistet,  nicht  nur  yon 
seiner  Menge,  sondern  auch 
Yon  seiner  Nutzhohe  und  dem 
Wirkungsgrade  der  hydrau- 
lischen  Motoren  (also  wohl 
der  Rader  oder  der  Turbinen) 
abhaugt.  Ftir  jeden  Wasser- 
stand   im  Weiher  ist  also, 


J.Ornig 
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wenn  die  zu  Terricbtende  Arbeit  yorgesebrieben  ist^  aucb  die  Wasser- 
menge  bestimmbar^  welcbe  man  durcb  die  Motoren  fliefien  lassen  mnfi; 
es  ist  also  bei  voi^eschriebener  Arbeitsleistung  anch  der  Abflu£  Q^  als 
Funktion  des  Wasserstandes  h  bekanni  Aufierdem  ist  meistens  festgesetzt^ 
welcber  Wasserstand  Amaz  nicht  (iberscbritten  werden  darf,  so  daB,  nacb- 
dem  er  erreicbt  ist;  der  Abflufi  Q^  dem  Zuflnfi  Q^  standig  gleicb  bleiben 
mufi;  bis  der  Spiegel  wieder  sinkt.  Ein  Yerfahreii;  welcbes  lebrt^  welcbe 
Scbwanknngen  der  Spiegel  macht^  dessen  Flacbenausdebnung  man  bei 
jedem  Wasserstande  kennt^  wenn  der  Zuflufi  Q^,  der  Arbeitsbedarf,  die 
Hobenlage  der  Motoren  und  deren  Wirkungsgrad  gegeben  sind,  ist  nnn 
das  folgendo;  das  sicb  durcb  besondere  Yerstandlicbkeit  auszeichnet^  aucb 
bezQglich  der  MaBstabe  keine  Schwierigkeiten  bietet.  Man  nimmt  zu- 
nacbst  konstante  Nutzhohe  an^  berecbnet  auf  dieser  Grundlage  den  Wasser- 
yerbraucb,  den  Unterscbied  von  Zu-  und  AbfluB  und  die  Hebung  und 
Senkung  des  Spiegels.  Damit  erhalt  man  eine  Wasserstandskurve  (Ab- 
szissen:  Zeit  t,  Ordinaten:  Wasserstand  A).  Da  man  nun  scbon  besser 
angenabert  die  Nutzboben  und  Wirkungsgrade  zu  jeder  Zeit  t  kennt, 

kann  man  aucb  den  Yerbrauch 


1 


o> 


10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


Mafistabe: 
Jcmr'a'-720^1M<mat 


jf 


n 


~c '0,0386  m*8^ 
-  rf  -  0,01945  kn  • 


.A^ 


'(l^f 


Fi 


Tg, 


Q^  angeben,  und  Q^  als  Funk- 
tion (Ordinate)  Ton^(AbBzisse) 
auftragen.  Jetzt  laBt  sicb  aucb 
eine  ricbtigere  Wasserstands- 
kurve  ermitteln  und  zeichnen, 
die  wieder  zu  einer  neuen 
Yerbrauchskurve  yerwendbar 
ware.  So  lost  man  durcb 
Wiederbolung  des  Yerfabrens 
die  gestellte  Aufgabe  mit  be- 
liebiger  Genauigkeit 

Das  wiederbolte  Zeicbnen 
yermeidet  K.  Kabelac  *),  wel- 
cber dabei  aucb  yon  den  Sum- 
mierungen  absiebt  und  daftir 
(er  denkt  weniger  an  Weiber 
-2  5  cm  jg  ^  Daturlicbe  Seen)  die 
Seestandskurye  benutzt.  Ge- 
geben seien  zunacbst  die  Zu- 
fluBkurye  Qi^fi{t)  {Q^  Ordinate^  ^  Abszisse)  yollstandig  und  die  See- 
standskurye h  —  tl;(t)  (h  Ordinate^  t  Abszisse)  bis  zum  Punkte  ^j^. 


0     1 


3     4     5  6cm  0 

t{a)  und  Q^{c) 

Kabela6s  yerfahren. 


1)  Z.  d.  (Jgt.  I.-  u.  A.-V.  01  (1909),  S.  868. 
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Vom  Seestand  hangen  der  (z.  B.  yon  einer  Eraftanlage  bendtigte^  kUnst- 
lich  zu  regelnde)  AbflnB  Q^  und  die  Seeoberflache  F  ab.  Diese  mogen 
durcb  2  Linien  gegeben  sein^  welche  fQr  jedes  h  (Ordinate)  die  zugehorige 
Abszisse  {Q^  and  F)  angeben.  Q^  und  F  sind  ako  im  Gegensatz  za  Q^ 
wagrecht  abzugreifen.  Zieht  man  vom  Punkte  Q^t^  eine  Wagrechte  bia 
zum  Schnitt  mit  der  Yerbrancbskurye,  so  ist  der  Abstand  des  Schnitt- 
punktes  von  der  senkrechten  Koordinatenachse  »  Q^j]  man  nimmt  ihn 
in  den  Zirkel^  tragi  ihn  vom  betreffenden  Q^j  ab  warts  auf  nnd  hat  den 
Rfickhalt  (Yermehrung  des  Seeinhaltes  in  der  Zeiteinbeit) 

als  Ordinate  fUr  die  Zeit  tj  als  Abszisse.  Ahnlich  liefert  der  Schnitt- 
pnnkt  der  genannten  Wagrecbten  mit  der  Seeoberflachenkurve  die  znm 
Seestand  hji^  geh5rende  Seeoberflache  Fj.  Dann  gilt  ftir  die  Tangente 
der  Seestandsknrve  (in  der  Figur  ist  Qsi»  Q^i  gemacht) 

CM)  ©.-^r- 

SO  daB  man  (^]    konstmieren  und  die  Seestandskurre  bis  (h^t^)  ^er- 

langem  kann.  Dabei  ziehe  man  die  neue  Tangente,  indem  man  die  See- 
standskurve  als  aus  Parabeln  bestehend  betrachtet,  durch  den  Punkt,  in 
welcbem  die  yorhergehende  Tangente  die  Mittelsenkrechte  zwiscben  dem 
alten  und  dem  zu  findenden  Seestandspunkt  schneidet,  also  die  Senk- 

recbte  mit  der  Abszisse    ^  1"  *  •   Mit  der  Seestandskurye  ist  auch  der 

Abflufi  als  Funktion  der  Zeit  bestimmt,  insbesondere  auch  sein  Maximum, 
welches  gleichzeitig  mit  dem  hochsten  Seestande  erreicht  wird.  Zu  den 
Mafistaben  sei  bemerkt,  daB,  wenn  1  cm  a  Stunden  oder  b  m  oder 
c  m*sec~^  oder  d  km*  bedeutet, 

8600  o        1000  000  d 

"  b       ^  c 

sein  muB. 

Durch  Einfachheit  und  Genauigkeit  zeichnet  sich  das  folgende 
Verfdhren  von  0.  Z.  EkdaM^)  aus.  Es  ist  fUr  einen  bestimmten  Zeit- 
abschnitt  A 


der  GesamtzufluB  ^i  •  A  -  ^^dl^MlA) .  a  +  Mt^^  -  Jf,, 


wobei 


1)  0.  Ekdahl^  Om  ber&kningsinetodema  vid  uppgOrande  af  forslag  tiU  SjOars 
B&nkning  och  reglering,  Lund  1888;  derselbe,  tlber  dieBewegung  des  Wassers . . . 
und  fiber  die  Wasserrerh&ltniBBe  in  Seen,  Leipzig  1912. 
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Qi^t  und  Qi,{t+A)  die  sekundlichen  Abflufimengen, 

Mt    und  Mt+A.     die  Seeinhalte  am  Anfange  und  Ende  des  Zeit- 

abschnittes  A  bedeuten. 
Hieraus  folgt 


oder 


(-._«..)  +  «,  _(i^^  H- 


(-?-n+«.-(^+^'L 


-) 


^Siro 


Die  GhroBen  (-^  —  -^j  und  (-.-  +  -~j  werden  far  eine  Reihe  von  See- 

standen  in  einer  Tabelle  berecbnet  und  von  den  Punkten  h  der  Ordinaten- 
achse  im  gleichen  Sinne  wagrecht  aufgetri^en.  Hiernach  erhalt  man  zwei 
Eurven.  Die  fiir  einen  bestimmten  Seestand  im  Zeitpunkte  t  auf  der  Eurye 

/-^ —  -^j  abgelesene  Grofie,  yermehrt  um  den  Zuflufi  im  darauffolgen- 

den  Zeitabschnitte  A,  ergibt  auf  der  Eurve  T  r-  +  o* )    ^^^  gesuchten 

Seestand  nach  diesem  Zeitabschnitte. 

Ebenfalle  einfach  und  genau,  dabei  rein  graphiscb  ist  ein  von 
iJ.  Hofbauer^)  praktisch  mehrfach  erprobtes  Verfahren.    Gegeben  sei 

der  ZufluB  Qi  =  fi{t),  die  See- 
inhaltskurve  M^f(h)  und,  eben- 
falls  als  Funktion  des  Seestandes, 
der  Abflufi  Q^^^  g>{h)]  gesucht 
wird  der  Abflufi  als  Funktion  der 
Zeit  (?8  =  /i(0.  Die  Seeflache 
darf  sich  hierbei  mit  dem  See- 
stande  h  andern.  Die  Eurre 
C2  =  /i(0  (siehe  Fig.  A)  sei 
bis  zum  Zeitpunkte  ^  gefun- 
den,  ein  weiterer  Punkt  P 
derselben  fQr  den  Zeitpunkt 
^  »  ^1  -f  A  sei  zu  suchen.  Im 
Zeitraum  A  stromt  dem  See- 
becken  die  durch  die  Mittel- 
ordinate  zwischen  t^  und  t^  dar- 
gestellte  sekundliche  Wasser- 
menge  zu.  Hierdurch  steige  der 
Spiegel  von  h^  annahmsweise  auf  71^  (Fig.B).  Die  Retention!!  wahrend  der 
Zeit  A  wird  durch  den  Unterschied  der  Abszissen  der  Seeinhaltskurve  M 


•*^*' 


Hofbftnan  Verfahxen  (A). 


Uofbauen  Verffthren  (B). 


1)  Bisher  unver5ffenilicht. 
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bei  \  und  h^  dargestellt;  dieselbe  durch  A  dividiert;  ergibt  die  mittlere 
sekundlich  zuriickgehaltene  Wassermenge  r  wahrend  dieses  Anstieges. 
Aus  dem  wagrecht  im  Mafistabe  der  Seeinhalte  dargestellten  B  kann  man 
leicht  durch  Ziehen  einerVerwandlungsgeraden  mn  (von  bestimmter  Nei- 
gung)  r  im  Mafistabe  der  Abflilsse  Q^  senkrecht  aufgetragen  erhalten.  Nun 
tragt  man  von  der  Achse  Osf  aus  in  der  Hohe  h^  nach  links  den  Riick- 
haltr  und  nach  redits  den  mitUeren  Abflufi  wahrend  des  Anstieges  von  h^ 

auf  ft,,  namlich  Q^m^  ^[^(M  +  9(^)1;  *^f-  ^i®  Summe  ^j  „,  +  r  muB 
dann  offenbar  gleich  der  in  der  Zeit  A  zugestromten  Wassermenge  sein. 
Durch  Bestimmung  von  r  und  Q^  ^  fQr  einige  Seestande  erhalt  man 
links  ein  Eurvenstiick  des  mittleren  (sekundlichen)  Bdckhaltes  r,  rechts 
ein  solches  des  mittleren  Abfiusses  Q^  „.  Jener  Seestand,  dessen  Spiegel 
auf  der  Zeichnung  B  zwischen  diesen  Eurvenstrecken  dieselbe  Lange 
hat,  wie  die  Mittelordinate  der  Eurve  Qi^fi{t)  zwischen  ^^  und  t^  auf 
der  Zeichnung  A,  ist  der  gesuchte.  Der  gefundeue  Seestand  in  Fig.  B 
schneidet  die  Eurve  Q^  >»  vW  ^^  6inem  in  der  Figur  nicht  angegebenen 
Punkte,  dessen  Abstand  yon  Oz  den  im  Zeitpunkte  t^  herrschenden  Ab- 
flufi Q^^  angibt.  Diesen  tragt  man  in  Zeichnung  A  bei  t^  als  Ordinate 
auf  und  hat  damit  die  Abflufikurve  bis  zum  Punkte  P  verlangert.  Durch 
Forteetzung  dieses  Yerfahrens  erhalt  man  sowohl  den  Abflufi  wie  auch 
den  Seestand  als  Funktion  der  Zeit.  Der  H5chststand  ist  dadurch  ge- 
kennzeichnet,  dafi  der  Abflufi  Q^  gleich  der  Zustromung  Q^  und  r  ^  0 
wird.  Den  absteigenden  Ast  der  Eurve  Q^  =»  f^{t)  liefert  ein  dem  ge- 
schilderten  ahnlicher  Yorgang.  Das  Yerfahren  lafit  sich  auch  fQr  die 
Untersuchung  der  Wirkung  von  XJberschwemmungsgebieten  auf  die 
HochwasserfOhrung  der  Fliisse  anwenden. 

92.  Spiegel&nderung  fUr  Zu-  nnd  Abflufiparabeln.  P.  Kluneinger  ^) 
hat  einige  hydraulische  Aufgaben  in  der  Weise  naherungsweise  gelost, 
dafi  er  annahm,  dafi  die  Funktionen,  die  er  zu  betrachten  hatte,  durch 
Parabeln  darstellbar  seien.  Ahnlich  werde  hier^)  die  Frage  behandelt, 
welche  Mafiigung  Hochwasser  durch  ein  nicht  zu  langes  aber  breites 
Uberschwemmungsgebiet  erfahrt;  es  soUen  namlich  die  Eurven,  welche 
die  Zeit  zu  Abszissen  und  den  Zulauf  sowie  den  Ablauf  zu  Ordinaten 
haben,  als  Parabeln  und  zwar  zunachst  als  solche  mit  senkrechter  Achse 
betrachtet  werden.  Ein  Unterschied  zwischen  Zulauf  und  Ablauf  hat 
erst  statt,  wenn  der  Flufi  auszuufem  beginnt.  Ein  gemeinschafblicher 
Punkt  der  beiden  Parabeln  liegt  daher  an  der  Stelle  ^  —  0,  wenn  der 
Beginn  der  t^berschwemmung  als  Anfang  der  Zeitmessung  festgesetzt 

1)  Z.  d.  Ost.  I.-  n.  A.-Y.  38  (1886),  S.  10  and  48  (1896),  S.  83,  49  u.  f. 

2)  jPh,  Forchheimer,  bisher  unverSffentlicht. 
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wird^  in  welchem  Augenblicke  der  Fla£  bordvoll  lauft  und  in  der  Zeit- 
einheit  die  Menge  Q^  f&hre.  Solange  der  Zulanf,  der  mit  Q^  +  Q^  be- 
zeichnet  werde,  den  Ablauf  Qq+  Q^  flbertriffi;,  steigt  das  Wasser  im 

trberschwemmungsgebiete ,  wahrend 
das  Wasser  fallt,  wenn  Qo  -\-  Qi< 
^0+  Qi  wird.  Da  nun  der  Ablauf 
Qq+  Q^  selbst  mit  der  tJberechwem- 
mungshohe  wachst,  haben  beide  ilir 

Maximum  fUr  Qq+  Ci  =  Co  +  Qsj  ™ 
Schnittpunkte  der  beiden  Parabeln  hat 
also  die  Abfiufiparabel  ihren  Scheitel.^) 
Wenn  nun  T^  bzw.  jP,  die  Zeitdaner 

bedeutet^  wahrend  welcher  Qj^  bzw.  Q^  bis  zu  seinem  Maximum  Qj  bzw.  Q^ 

wachsty  haben  die  beiden  Parabeln  die  Gleichungen 


U- T, -*i 


(184) 


Q-Qt-Qn 


wonach  die  Aufspeicherung  im  Lberschwemmungsgebiete  bei  dem  hoch- 
sten  Wasserstande  die  Baummenge 

0 


'^.Q^{T-\T,)-\-T,Q^ 


erreicht.   Nun  muB  der  Punkt  mit  den  Koordinaten  ^  —  jT};  Q'^  Qn 
die  erste  61eichung  (184)  erftillen  oder 

2r,  r,— r,» 


(184  a) 


Qn-Qi 


r,« 


sein.  Dieser  Wert  in  der  Gleichung  f&r  M  eingesetzt,  gibt 

(184  b)  M~^^^dT,-T,]. 

Aus  (184  a)  folgt  zugleieh 

und  hiemach 


ft 


Qi 


i+vr-*j, 


8 


'+V^-tll'-t+i/'-tl' 


1)  Ahnlich  Kluneinger  48  (1896),  S.  87. 
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welcher  Ausdruck^  wenn  man  die  Wurzelgrofie 

(184  c)  YlS^^^v       (oder     «i  -  j^.) 

setzt,  auch 

<184  d)      M-  v(l  +  vy  %^  =  v(l  +  v)  ^^3^'-  =  J  *:  ^  ^"-^ 

geschrieben  werden  kann. 

Bisher  wnrde  angenommen,  dafi  Anstieg  und  Abfall  des  Wassers 
symmeiaisch  erfolgeii;  wfihrend  Hochwasser  rasch  anznsteigen  und  lang- 
sam  zn  fallen  pfiegen.  Die  ganze  Ableitung  bleibt  aber  auch  bestehen, 
wenn  beide  Parabeln  schrage  —  aUerdings  zueinander  parallele  — 
Achsen  haben.  Unter  2Ti  ist  dann  die  gauze  Zeit  zu  yerstehen^  wahrend 
welcher  der  ankommende  Schwall  Hber  die  Ufer  tritt.  Bemerkt  werde 
nochy  dafi  in  obiger  Rechnung  der  absteigende  Ast  der  Ablaufkurve 
nicht  Yorkam.  £r  mufi  die  Eigenschaft  haben ,  den  gesamten  Ablauf 
gleich  dem  gesamten  Zulauf  zu  machen. 

Beispiel.  Am  Ausflufi  eines  OberschwemmungBgebietes,  welches  bei  Hoch- 
wasser 1920000  m'  Wasser  enth&lt,  steigt  der  Flnfi  in  8  Stnnden  von  Vollbord 
mit  60m'8ec~^  anf  460  m' sec "^  an.  Wie  grofi  wtlrde  der  Abflafi  bei  Ein- 
d&mmnng  des  tJ^berschwemmungsgebietes  warden?  £s  ist  Qo+Qn  =  ^^^i  Qn 
also  =»  400  m' sec- V  T,»  28800  sec,  3f  =»  1 920 000  m*.    Daher  gilt  nach(184d) 

1 920000  =  4- -^O^^' 28  800-  *' -  oder  v  =«  ^-  und   Qn  ^  ^  Qiy  ^^^^^^  Qo+ Qi 
8  1  —  V  o  9 

■»  600  m' sec- ^,  welche  Wassermenge  bei  Abd&mmang  des  t^^bersohwemmnngs- 

gebietes  nnyermindert  weiterfl5sse. 

93.  SeespiegelBOhwankung  in  analytisoher  Behandlnng.  G,  Fan- 

toli^)  hat  eine  analytische  Behandlnng  der  Seespiegelschwankungen  ge- 
geben  und  an  zahlreichen  Beispielen  aus  der  Wirk- 
lichkeit   erlautert.    Wenn   ein  See   ursprtlnglich 
Spiegelschwankungen 


(185)  jgf  =- Cq  sin  3r -^ 


T 


— -T -i 


zeigte^  wobei  e  und  c^  Wasserstande  (Pegelablesun-     

gen  bei  entsprechend  gewahltem  PegelnuUpunkte)  — »-/ 

bedeuten^  und  t  die  Zeit^  T  die  Hochwasserdauer  ist,  und  wenn  fUr  den 
Abflufi  aus  dem  See  ursprtlnglich 

(185a)  Co  =  <»o  +  K^  —  «o  +  ^0^0  "^^  ^  "r 


1)  G.  Fantoliy  Sul  regime  idraulico  dei  laghi,  Milano  1897,  S.  186. 
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gait;  BO  mu6  der  Zuflufi  so  grofi  gewesen  sein,  dafi  der  Spiegel  in  der 
Zeit  di  trotz  AbfluB  am 

dz  —   J*  cos  7C  Y  dt 

anstieg  und  seinen  Inhalt  bei  einer  Seefiache  F  urn 

Fdz^ — ^ — cos^-^i^ 

vermehrte.  Der  Zufinfi  war  daher  in  der  Zeit  dt 

Werden  nnn  Bauten  ausgefiihrt,  welche  den  AbfluB  derart  regeln,  daB 
er  bei  einem  Wasserstande  z  nunmehr 

(185b)  Q--a^  +  \e 

betragty  so  muB  das  die  Spiegelschwankungen  andem.  Bei  Wiederkehr 
der  alten  Witterungszustande,  also  der  alten  ZufluBwelle  gilt  dann 

^0  +  K^o  sm;r  Y  +  —jr-  cos^ y  ^^i  +  h^  +  Si  ^' 

Eine  Losung  dieser  Differentialgleichung  lautet,  wie  man  sich  iiber- 
zeugen  kann, 

(185c)    ^-^  +  fc^,:r4,,2<-»[(^ofciy'+^^-F»)sin^| 

Fur  ^  ^  0  gibt  diese  Losung 

(185d)  0^  -  ^--  +    2,^.r«  +  *«F«   • 

Nun  ist  nicht  gesagt,  daB  gerade  der  Anfangswasserstand,  wenn  wieder 
der  Spiegel  zu  steigen  beginnt,  die  Hohe  e^  besitzt.  FantcU  weist  aber 
nach;  daB  bei  langen  Perioden  yon  z.  B.  mehreren  Monaten,  einige  Zeit 
z.  B.  mehrere  Wochen  nach  Beginn  der  Anschwellung  der  Anfangs- 
wasserstand  belanglos  wird.  Man  kann  also  in  diesen  Fallen  01.  (185  c) 
als  die  des  Wasserstandes  nach  der  AbfluBregelung  ansehen,  und  da 
man  gemaB  GL  (185  b)  auch  den  AbfluB  selbst 

(185e)        Q-.a,+  .^-^|^v5l___  [(j^ j^  t*  +  ««F»)  sin x ^ 

+  «Fr(6,-6o)coi«^] 
kennt,  hiermit  zahlreiehe  Fragen  beantworten. 
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Beispielsweise  kann  man  leicht  angeben^  wie  grofi  nach  Regelung 
der  groSte  und  der  kleinste  Abflufi  Qm^x  nnd  Qjoin  sein  werden.  Fiir  sie 

muB  ^  =  0  Oder 
dt 

(6061  T*+  x^F^)  Q087CY  -  xFtip^-bf,)  sinTC^  «  0 
oder 


tang  X 


nFt(b,^b,) 


^ 


sein,  woraus 


b  c 
(186)       ^m„  bzw.  ^min  =  a©  ±  6  «r«V«*-^* 


•  1/(6061^*+  3t«-F«)'+  n^F^TW  ^h^y 

folgt.    Fdr  den  Unterscbied,  den  die  Ablanfbaaten  im  Abflufi  beryor- 
rufen^  zeigt  sicb 

mit  dem  Grofitwert 

(186a)  {Q  -  Co)max  =   ;^^-A)^o_JL . 

94.  Versagen  von  Sielnetzen.  Im  allgemeinen  ziebt  man  bei  Siel- 
netzen nur  die  Leistnngsfabigkeit  der  Siele  in  Betracbt,  namlicb  die 
Mengen^  die  sie  sekundlich  fortzufilbren  yermogen.  In  grofien  Si»,dten  in 
Aener  Lage  kann  aber  aucb  die  Aufnahmef  ahigkeit  der  Netze  yon  Belang 
werden^  namlicb  die  Wassermenge^  die  bei  der  FiiUung  der  ursprilng- 
licb  leeren  Kanale  aufgenommen  wird.  Dies  ist  in  Mailand  der  Fall,  wo 
G,Fantdi^)  fQr  ein  geplantes  Netz  berechnet  bat^  bei  welcber  Dauer  yon 
Regen  gegebener  Starke  die  Strafientlberschwemmnngen  beginnen.  Ana 
der  entwassemden  Flache  erfolge  bei  dem  betreffenden  Regen  (einscbliefi- 
licb  des  Branch wassers)  in  der  Zeiteinheit  ein  Zudrang  £  Q^  (wobei  £>  1) 
in  den  Eanal^  welcber  bei  YoUauf  bis  zum  Scbeitel  nicbt  so  yiel,  nam- 
licb nur  Q^  fortzufilbren  yermoge.  Befindet  sicb  zur  Zeit  t  die  Wasser- 
menge  M  bereits  unterirdiscb  aufgespeicbert^  so  gilt  offenbar^  wenn  Q 
den  Dnrcbflufi  bezeichnet^ 

1)  Le  Acque  di  Piena  nella  Rate  delle  Fognature  di  Milano,  reiazione  della- 
commisaione  Cipoletti,  Fantoli,  Soldati  per  G.  Fantoli,  Milano  1904.  Nicht  im 
Buehhandel. 
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1 


Oder 

(187)  dM^{BQ-Q)dt. 

Nun  nimmt  die  Leistung  (der  Dorchflufi  Q)  des  Eanales  mit  seinem 
Wasserstande  zu  und  dieser  mit  dem  Yolum  M.  Die  Leistungsfabigkeit 

des  leeren  Sieles  mit  dem  Inhalte  Jlf  —  0  ist  Null, 
die  des  halbyoUen  Eanales  bei  Ereisquerschnitt  balb 
so  grofi  wie  jene  Q^  des  ganz  vollen.  Dazwiscben 
steig^  allerdings  der  Durcbflufi  auf  Q^mx.  >  Q  an, 
indem  Eanale  (siebe  oben  S.  62)  am  meistenWasser 
fiibren,  ebe  sie  ganz  yoU  sind.  Naberungsweise  kann 
aber  docb  das  Yerbaltnis  von  Q  zn  M  konstant  an- 
genommen  oder 


l....t 


dQ^^dM^  (siebe  (187))  ^^ (a  Q,^  Q)dt 


M. 


gesetzt  werden,  womit  sicb 


dt-^ 


dQ 


oder  die  Zeit  zar  Ffillang  des  leeren  Eanales  zu  solcher  Hohe,  daB  Q 
in  ihm  abflieBt, 

ergibty  wabrend  eine  genauere  Recbnung  mit  Zerlegung  des  Eanales  in 
^inzelne  Zonen 

(187a)     ^-^|-lognat^-^-2,303^f  logdec-^;^^- 

geben  wtlrde.  FatUoU  bat  nun  gefunden,  daS  sowobl  fiir  verscbiedene 
EanaltypeU;  insbesondere  fOr  Robren  und  eirunde  Siele,  als  aucb  fOr 
dieselbe  Type  bei  wecbselndem  Yerbaltnis  a  der  Beiwert  ft  f&r  gleicbe 
Durcbflufiverbaltnisse  Q :  Q^  fast  gleicbe  Werte  annimmt.  Am  meisten 
scbwankte  nocb  fi  fiir  ganz  geringe  Fiillung  mit  der  Soblenkrdmmung, 
was  aber  praktiscb  kaum  yon  Bedeutung  ist.  Ftlr  [i  gibt  der  Genannte 
nacbstebende  Zablenreibe,  die  bis  zu  dem  Augenblicke  reicbt,  in  dem 
zum  erstenmal  Q^  —  ebe  das  Siel  vollauft  —  durcbflieBt 

Q:Q,^0ft2    0,04    0,06     0,08     0,10    0,15    0,20 


(i     -2,6 

1,95 

1,68 

1,56 

1,45 

1,36 

1,27 

Q:Q,-0,3 

0,4 

0,6 

0,7 

0,8 

0,9 

1,0 

11     -1,11 

1,02 

0,97 

0,94 

0,91 

0,89 

0,87 

Hierzu  kommt  nocb  fQr  Q^,^ :  Q^  der  Wert  ft  —  0,9.  Nacb  Erreichung 
▼on  Qxa»x  gilt  das  Oesagte  fQr  ft  nicbt  mebr,  indem  ft  sicb  nunmebr 
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zwar  noch  unabhangig  yon  der  Kanaltype,  aber  abhangig  von  e  zeigt. 
Ffir  die  Zeit  T  zur  yollstandigen  FiillaDg  des  leeren  Kanales  gelte,  wie 
die  genaue  Recbnung  gelehrt  habe^  vielmehr 

oder  gewohnlich 

(187c)  r-  2,3026 (l  +  ^^) ^ logdec^, 

80  dafi  sicli  fQr 

6  =-1,1       1,2       1,3      1,5      2,0      oo 

1  +  7?i^,V6  - 1'^       I'l^     MO    1,06     1,03     1 
findet. 

Beiepiel.  Bei  einem  beBtimmten  Begen  laufen  aufier  schon  friihei  Tor- 
handenen  0,023  msec'^  Brauchwasser  noch  1,006  m' sec' ^  Regenwasser  in  einen 
Kanal.  Wann  l&nft  der  Eanal  halb  und  wann  ganz  toU,  wenn  er  bei  Yollanf 
0,890  m"  Bec~^  fuhrt  und  samt  seinen  Nebenkan&len  dann  676  m'  enth&lt? 

Es  ist  Jtf,  =  676,    sQ^^  1,029,    C, -=0,890,    daher   2,803 ~?  —  1746.     Die 

Pullung  des  leeren  Eanales  mit  Branch wasser  wilrde  nach  (187  a)  wegen  Q :  Q^ 
»  0,023  :  0,890  »  0,026  und  dementsprechend  (i  »=  2,40  die  Zeit  t^  =  2,40  •  1746 
•  (log  dec  1,029  —  log  dec  1,006)  ^  2,40  •  1746  •  0,0098  »  41  Sek.  erfordem.  Seine 
Ffillung  bis  zn  solcber  H5he,  dafi  der  Dorchflufi  0,6  Q^  betr^,  wurde  wegen 
^:Q^  =  0,6  Oder  f&»  0,996  einen  Zeitaufwand  f^  ^  a- 0,996  •  1746  •  (log  dec  1,029 
—  log  dec  0,684)  ^  0,996  •  1746  •  0,246  =  427  Sek.  benOtigen.  Das  Yollaufen  bis 
zum  Scheitel  wurde  nach  (187  c)  wegen  £  =  1,029:0,890  =  1,166  oder  •:(a  — 1) 
=  7,41  und  0,026  :  (»  —  1,06)  =  0,236  die  Zeit  T  =  1746  - 1,236  •  0,8698  =  1876  Sek. 
benOtigen.  Der  wahre  Zeitaufwand  bis  zur  halben  Leistungsf&higkeit  wSxe  daher 
i^j  — tQ  =  386  Sek.,  der  bis  zum  VoUauf  T  —  *q  =- 1836  Sek.  Durch  genaue 
Rechnung  fanden  die  MailSuder  Gutachter  statt  dessen  414  und  1818  Sek.,  von 
welchen  Werten  die  hier  berechneten  viel  weniger  abweichen,  als  es  bei  dem 
tforliegenden  Problem  gestattet  wSre. 

96.  BiiokhaltimWerkBgraben  und  FluB  ^).  Wenn  durch  ein  Kraft- 
iverk  eine  Entnahme  q  +  liq  aus  der  Breiteneinheit  eines  Wasserlaufes 
«tattfindety  wahrend  dessen  Breiteneinheit  nnr  q  aus  dem  Oberlauf  emp- 
fangt^  so  macht  F.  Schaffemak^)  die  angenaherte  Annahme,  dafi  vom 
Eraftwerk  aafwarts  der  Spiegel  eine  dem  Durchflusse  q  +  Aq  entspre- 
<:hende  Senkungslinie  beschreibt,  welche  sich  fortgesetzt  stromauf  Ter- 
schiebt.  Die  Wassermenge  zwischen  den  zwei  kongruenten  Linien^  welche 
bei  zylindrischem  Bett  der  Spiegel  zu  den  Zeitpunkten  t  und  t  +  dt 
bildet,  dient  dabei  zur  Deckung  des  Mehrverbrauches  l^q-  dt  ^ber  den 
Zuflufi  q  dt.  Mifit  man  die  Entfemung  x  stromab  vom  jeweiligen  Spiegel- 

1)  Bisher  unverOffentlicht. 

FoTchheimer:  Hydranlik  22 
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bmclipankte;  d.  li.  Yom  PuBkte^  in  welchem  die  jeweilige  Senkmigskurre 
die  unyeranderliche  Zufiufigerade  schneidety  so  gilt  fQr  die  Senknngs- 

kurve  mit  yeranderter  Bezeichnung  die 
Differentialgleichnng  (66  e) 

(188)       _id^  =  ^^,^d., 

wobei  nonmelir  e  die  Wassertiefen  in 
'  den  Pnnkten  x  und  H^  jene  Tiefe  angibt, 
welche  die  Senkungskaryen  bei  der  Entnabme  g  +  Ag  im  Unendlichen 
batten ;  wenn  sie  bis  dortbin  reicben  wdrden.  Das  x  des  Eraftwerkes 
nimmt  nacb  dem  Gesagten  fortwabrend  0u  (weil  der  Bmcbpunkt  strom- 
anf  riickt)  nnd  das  g  des  Eraftwerkes  nimmt  bestandig  ab.  Denkt  man 
sicb  den  Bmcbpunkt  fesigebalten^  so  riickt  das  Erafiiwerk  in  der  Zeit  dt 
urn  dx  stromab;  wobei  die  Tiefe  sicb  nacb  (188)  andert.  Dadurcb  wacbsi 
die  entleerte  Flacbe  um  (A^  —  e)  dx,  Es  muS  also^  wenn  h^  die  Tiefe  bei 
gleicbformiger  Stromung  yon  q  bedeutet, 

(188a)  —  {h^-B)dx  ^Aq-dt 

oder  in  Verbindung  mit  Gl.  (188) 


(188b) 
oder 

(188c) 

oder  endlicb 
(188  d) 


Agr .  d^  -  -^  .  - -gV'—jAd^ 


H,^*'-z^' 


% 


0  Ao 

^»<-Mii(4r+i(4)'+-) 

■1 
■I 


-v(^(4r+i(4)'+ 


i. 


worin  die  beiden  ersten  Elammergro£en  nacb  der  auf  S.  128  eingef&brten 
Bezeicbnungsweise  aucb  ^(o^ )  und  ^[^)  gescbrieben  werden  konnen. 

Hiermit  ist  bei  einzubaltender  Tiefstlage  0  des  Oberwasserspiegels  die 
Zeit  t  berecbenbar,  wabrend  welcber  man  q  +  Aq  statt  q  entnebmen 
kann.  Es  konnte  nun  sein^  dafi  der  Spiegelbrucbpunkt  scbon  yor  der 
Zeit  t  eine  Stelle  erreicbt,  oberbalb  welcber  der  Spiegel  sicb  nicbt  senken 
laBt.  Stfirzt  z.  B.  das  Wasser  iiber  ein  Webr  in  den  in  Rede  stebenden 
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Lauf,  BO  ist  die  Senkung  nur  bis  zu  diesem  Wehr  durchfiilirbar.    Die 

Senkungskurye   der  Differentialgleichung  (188)   hat   nach  (66  k)   die 

Gleichung 

(188e)  |-5r(|)_5r(^). 

Ist  das  fDr  die  Tiefstlage  (am  Kraftwerk)  e  sich  ergebende  x  kleiner  als 
die  Entfemimg  I  des  Wehres  yom  Kraftwerk  ^  so  hat  der  Bezug  Yon 
g  +  ^2  wahrend  der  errechneten  Zeit  t  keinen  Anstand^  anderenfalls 
tritt  an  die  Stelle  yon  (188  c)  fQr  die  Berechnung  yon  t 

(188f)  /^•^^•^*-f&^^^'' 

0  « 

worin  0^  die  Wassertiefe  am  Wehr  bedeutet^  fQr  welche 
(188g)  |-5r(|)_5r(^) 

gilt.  Da  tatsachlich  ein  Teil  des  Wassers  nicht  die  yolle  Lange  x  zn 
dnrchlaufen  hat^  sondern  ans  der  sich  entleerenden  Strecke  des  Ober- 
grabens  selbst  stammt^  wird  der  Spie- 
gel iiefer  als  angenommen  yerlaufen 
und  gewahrt  Schaffemdks  Verfahren 
yolle  Sicherheity  di^  q  +  Aq  wah- 
rend der  Zeit  t  zor  YerfQgung  steht. 
Ist  bei  Beginn  der  Mehrent- 
nahme  A  9  ein  Stau  mit  den  Wasser- 

tiefen  8  nnd  der  grofiten  Tiefe  8  am  Kraftwerk  yorhanden^  so  macht 
Schaffemdk  die  Annahme,  dafi  der  Spiegel  in  der  Zeit 

s  ® 

nngef&hr  bis  zn  dem  der  gleichformigen  Stromung  herabsinke,  so  daB 
dann  die  Begrenzung  ans  einer  Geraden  in  der  Hohe  Hq  Hber  der 
Sohle  nnd  weiter  stromanf  ans  dem  iibriggebliebenen  Teil  der  Stauknrye 
bestehe.  Dann  bilde  sich  bei  fortgesetzter  Entnahme  q  +  Aq  die  der  je- 
weiligen  Spiegelhohe  am  Kraftwerke  entsprechende  Senknngslinie.  Es 
bleibe  daher^  wenn  sinngemaB  Hq  dnrch  das  mit  x  yeranderliche  s  ersetzt 
wird^  die  Beziehnng  (188  a)  in  der  Form 

(188h)  {s-js)dx^Aq'dt 

aufrecht;  worin  wieder  z  am  Kraftwerk  in  der  Entfemnng  x  yom  je- 

weiligen  Bmchpunkt  zu  messen  ist.   Da  nun  fUr  den  Schnittpnnkt  der 

22  • 
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beiden  SpiegelliDien  mit  den  Koordinaten  x  und  s  nach  Gl.  (66  h  and  k) 
sowolil 

wie  auch 

(188j)  |==5r(^)_5r(^) 

gelten  mn£,  konne  man,  indem  man  die  Differentiale  dx  und  dt  dnrch 

endliche  Differenzen  A^  and  A^  ersetzt,  schrittweise  die  Zeit  des  Ab- 

senkens  and  des  WeiterriickenB  des  Spiegelbruchpanktes  ermitteln.  Einem 

angenommenen  x  entspricbt  namlich  aus  6L  (188  i)  and  61.  (188 j)  ein 

bestimmtes  s,  das  immer  kleiner  als  Hq  ist,  and  ein  bestimmtes  z.  Lafit 

man  dann  x  am  die  Strecke  Ax  wachsen,  so  erhalt  man  aas  61.  (188h) 

A^  »  (s  —  j8)Ax :  Aq,  weiB  also  so  foitfahrend  den  gesachten  Zasam- 

menhang  zwischen  t,  z  and  x. 

Die  gescbilderten  Yerfahren  sind  nur  so  lange  anwendbar,  als  der 

Eanal  oder  FlnB  annahemd  rechteckige  Qaerschnitte  aafweist;  anderen- 

falls  empfiehlt  sich  eine  zeichnerische  Losang,  derart,  daB  man  die  raam- 

lichen  Integrationen  graphisch  (planimetriseh)  ausfQhrt. 

Man  kOnnte  im  Zweifel  sein,  ob  in  der  ansgerechneten  Zeit  das  Waiser 
trotz  Tr&gheit  bis  znr  angenommenen  Senkongskorye  sinken  kann.    Eine  Kach- 

lechnnng  der  Schnelligkeiten  ^—  =  — -  —  und  -r—  =  » •  Ag  -— ,  mit  wel- 

chen  der  Spiegelbmchpunkt  sich  Tom  fijraftwerk  entfemt  bzw.  der  Spiegel  am 
Eraftwerke  sinkt,  zeigt  aber,  dafi  diese  Schnelligkeiten  die  im  Absatz  „Danmi- 
bruchknrre  and  Spalschwall**  berechneten  mdglichen  Werte,  wenn  man  vom  ersten 
Angenblick  absieht,  nicht  erreichen.  Das  l&fit  sich  auch  einsehen,  da  bei  dem 
Sp^schwall  die  Fallhdhe  vom  ursprunglichen  Spiegel  zur  Senkungskurre  eine 
Beschleunigung  hervorruftf  die  nunmehr  im  §  95  nicht  zn  berucksichtigen  war. 

96.  GtofftBentleernng.  Die  AasfiaBformel  (135  a)  ermoglicht  die 
Berechnung  der  zam  Entleeren  eines  6efaBes  notigen  Zeit  Bezeichnet 
man  den  wagrecbten  6efaBqaersclmitt  mit  F,  die  AnsflaBoffnang  mit 
F^y  die  Hohen  mit  z,  so  betragt  die  AnsfiaBmenge  in  der  Zeit  dt 

i; [    :  ._— ^  -Fdz^iiF^ y2gz dt . 

j,  f -^ L    __  _=^    •    Danach  ist 

!    ^/r  ^    /^       ^  ^^^ ^jp  di 

i.X .U. i  y2ge  '      ^ 

and  kann  man  bei  gegebener  6ef  aBform  die  Zeit 

I 
Fdz 


*i 


(189)  '•--Af 


'II 


V2gz 


berechnen^  die  das  Sinken  des  Spiegels  von  Zj  aaf  Zjj  erfordert 
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Bei  einem  prismatischen  Gef  aB  Yom  Quersdmitt  F  geht  hiermit 

(189a)  t,^ ^-  (% IE^(,;^^^,^) 

heryor^  wonach  auch  die  YoUstandige  Entleerang,  obwohl  znletzt  die 
Drnckhohe  auf  Null  herabsinkt,  nur  einen  endlichen  Zeitaufwand  be- 
notigi  AUerdings  ist,  wenn  sich  der  Spiegel  dem  Boden  zu  sehr  nahert 
and  ein  Trichter  tlber  der  Offnung  entsteht^  die  Anwendung  der  enir 
wickelten  Formel  nicht  mehr  zulassig. 

Die  Formel  (189)  gilt  insofem  nnr  naherungBweise^  als  in  ihr  die 
Reibnng  an  den  Gefafiwanden  und  der  Einflnfi  der  Tragheit  yemacli- 

lassigt  erscheint.    Behufs   deren  Bertlcksichtigung       ^ P 

werde  eine  Scheibe  des  Gefafiinhaltes  betrachtet^).  f>  . 

Die  Scheibendicke  sei  ds^  der  Druckjp^  die  Scheiben-  V      \ 

flache  F^  deren  Profilradius  jB,  die  Geschwindig.  \      \ 

keit  IT.  Dann  betragt  die  in  der  Bewegungsrichtung      ;       \j  A 
wirkende  Teilkraft  der  Schwere  \^x\^  ^v 

wobei  die  g  lotrechte  Ordinaten  bedeuten;  sie  wird  vom  Drucknnter- 
schied  beider  Scheibenflachen  nntersttltzt,  wfthrend  die  Reibung 

entgegenwirkt.  Da  eine  Beschlennigung 

dw dvo  dto 

entsteht^  folgt  ans  dem  d'Alembertscken  Prinzip 

a90)      _»£..  +  , i._j.',„.,,-!^.(|!+„|?)_0. 

Hier  kann  die  Geschwindigkeit  tv  durch  jene  w^  ausgedriickt  werden, 
die  im  oberen  nnnmehr  als  zylindrisch  voransgesetzten  Teile  des  Ge- 
faBes  herrscht;  wo  der  Qnerschnitt  F^  messen  moge.  Da  im  selben 
Augenblicke  der  Durchlauf  allenthalben  gleich  groB  sein  muB,  hat  man 

Ftp  «  FiWi 
und  hiermit  statt  (190)  auch 

_  1  dp  +  d^  -  -K  .  ^^ •  u; « d5  _  il  ^i  ds  -  -^  ?(^-^  -  0 


1)  JSr.  Lorem,  Lehrbuch  der  technischen  Phyeik,  8.  Bd.,  Milnchen— Berlin 
1910,  S.  168.  —  In  (190)  erscheint  dp  und  nicht  d{pF),  weil  die  Wandreaktion 
die  Wirkting  yon  dF  anfhebt. 
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oder  fQr  das  ganze  Gef afi,  also  nach  Integration  zwischen  den  Orenzen 
1  uiid  2,  wenn  an  der  Ausflnfiflache  F^  neben  dem  Druck  p^  noch  ein 

Widerstand  --jr*—-  zu  tLberwinden  ist, 

(IWa;         y       +^,      ^1  c'     J  EF'       g    dt  J  F 

1  1 

Gl.  (190a)  bildet  das  genaue  Ausflnfigesetz  in  allgemeinster  Form.  Ist 
der  Druck  anf  beide  Endflachen  der  atmospharische^  womit  p,  —  p^  ent- 
fallt^  femer  die  Reibung  an  den  Wanden  verschwindend  und  das  GefaS 
ein  lotrechter  Zylinder,  so  yereinfacht  sich  (190a)  zu 

oder,  weil  bei  lotrechtem  Gef afianfang  fQr  die  Spiegelteilchen 
ist,  zu 

(190b)     .._..-?4:i.?.^-!u-[|j;(i  +  o_i]_o, 

worin  jer,  die  unveranderliche  Tiefenlage  der  Ausflufioffnung,  e^  die  yer- 
anderliche  des  Spiegels  yorstellt.  Wird  hier 

(190c)  j^;  (1 + g)  _  1  _  ^ 

gesetzty  so  yerkQrzt  sich  die  Form  der  GL  (190  b)  zu 

(190d)  ^_.,_'^?m_^V.o. 

Die  allgemeine  Losung  yon  (190d)  lautet  mit  C  als  Integrationskon* 
stanten 

(190e)  «>,»  -  (7(ir,  -  e^)'  +  2g  'f^'l  ■ 

Dies  leucbtet  ein^  wenn  man  (190e)  differenziert  und 

"""2^~a^     "s^v^*"^!^  "^z-i 

aufsucbt.  In  der  Anfangslage,  fur  z^  —  0,  ist  die  Gescbwindigkeit  to^  der 
Spiegelteilchen  Null,  so  dafi  aus  (190e) 

0-CV+l^     Oder     C ^—, 

folgt  und  sich  die  eigentliche  Losung 

(190f)  «,,«--  l^^  {i«---'i)^  +  2g  ^ 
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oder  auch 

(190g)  ^  «'!*  -  -  "t  (^-)'+  "*  -  ^x 

ergibt.  Danach  wachst  die  Oeschwindigkeit  bis 

2g       dz^  \     If,     / 

Oder  I 

(19.)  i  _  1  _  (±f--- 

wird.  Wenn  nnn,  wie  dies  meistens  zutriffk;  die  Offnungsflache  F^  yiel 
kleiner  ab  der  Gef  aBqaerscbnitt  F^  nnd  somit  Z  eine  sehr  grofie  Zahl 

m 

isty  bildet  nach  01.  (191)  -^  einen  sehr  kleinen  Brnch.  Nur  wahrend  einer 

verschwindend  kurzen  Strecke  nnd  Zeit  wachst  in  diesem  Falle  die  Ge- 
schwindigkeity  nm  dann  wieder  abznnehmen^  der  Erfahrung  entsprechend, 
welche  lehrt,  dafi  die  Wachstumsperiode  nicht  merklich  ist.  In  (190f) 
yerschwindet,  wenn  F^  riel  kleiner  als  F^  ist,  sobald  b^  merklich  wird, 
das  Glied  mit  dem  Exponenten  Z  und  gilt  daher 


also  f&r  alle  praktische  Falle  die  Torrtc^/tsche  Formel  mit  Berilcksich- 
tignng  des  Druckrerlastes 

(190b)  tc,  -  ]/2i7  («,-;.,-  e  -^^*) . 

Ist  beispielBweise  jP^  :  P,  ^  100, ;;,  —  z^  anfangs  »>  1  m,  {:  «->  0,1,  so  folgt  aus 
(190  c)  Z  ■-  10999  and  fur  die  der  MazimalgeBchwindigkeit  zukommende  Spiegel- 
senkung  naoh  (191) 

5,  =  1  [l  -  (10999)''' J  -  ^  -  ^'^^^  ^*  -  ^^^^^^  "'• 
Die  Maximalgeschwindigkeit  selbst  bestimmt  sich  nach  (191a)  za 


lA     0,99916        «^,««  , 

womit  enichtlich  ist,  daB  die  Senkung  von  0,00085  m  nnd  hiermit  die  Maximal- 
geschwindigkeit  in  kanm  mefibarer  Zeit  eneicht  wird'). 


1)  Das  Beispiel  ist  entnommen  K.  Lorenz,  Lehrbnch,  S.  Bd.,  1910,  S.  176, 

1 

1 ~7~)^  ~  nngefthr  1 —  -„,-  gesetzt,  was  nur  bei  einem 


^ 1 

kleinen  Wert  Ton  — 7^-  zutrifft. 
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Xn.  Ekhwingnngen. 

97.  BeibnngBlose  Sohwingnngen.  L  Newton^)  behandelte  die 
Schwingangen  in  einer  TJ-formig  gebogenen  Rohre.  Steht  in  einem 
Schenkel  der  Spiegel  um  ein  StUck  z  hoher  als  im  andem^ 
besitzt  die  jjcefOllte  Strecke  die  Lange  I  und  das  Rohr  den 

wirkt  ein  Uberdruck  yeF  aui  die  Masse 

^Fl,  Bedeutet  t  die  Zeit,  also  —  —  ^jr  die  Geschwindigkeit 


^ 


1  d}z 
in  jedem  der  beiden  Schenkel  und  — -  -  jri  die  Beschleunigong, 

so  gilt  demnach  nach  dem  Impulssatz 

-^Fl^^,^2y.F    Oder    -\^}-2>. 

Das  Integral  dieser  Differentialgleichung  lautet,  wenn  man  yerlangt,  daft 
f&r  ^  ^  0  die  Geschwindigkeit  auch  —  0  sei,  und  daB  der  grofite  Spiegel- 
unterschied  (die  Schwingungsweite)  ±  Z  betrage 

(192)  ;6r-Zcos]/Y^- 

Das  Wasser  macht  also  Sinusschwingungen^  und  die  sogenannte  ein- 
facbe  Schwingungsdauer  zwischen  einer  Hochstlage  und  einer  Tiefstlage 
desselben  Spiegels  betragt 

a92a)  T-nYJ-g, 

ist  also  Yon  der  Ausschlagweite  unabhangig  und  der  eines  Pendels  Ton 
der  Lange  \-  gleiph. 

Johann  Bernoulli*)  zeigte,  daB,  wenn  die  Schenkel  die  Neigungen 
a^  und  a^  haben,  das  Pendel  gleicher  Schwingungsdauer  die  Lange 

(193)  ' 


-*■. 


^ '\^^  sin  «! -f- Bin  oc, 

^•^^    besitzt. 


Liegen  bei  Enden  mit  senkrechter  Achse  die  beiden  freien  Ober- 
flachen  F^  und  F^  in  der  Entfemung  z^  und  »^  yon  der  Gleichgewichts- 
lage  (Spiegelgleiche),  wobei  die  Ausschlage  z^  und  z^  dasselbe  Yor- 
zeichen  erhalten  mogen,  so  mufi  wegen  der  Gleichheit  des  Durchflussea 
im  ganzen  Gef  afi 

-^1  dt       ^^  dt 


1)  Philosophiae  Natoialis  Principia  Mathematica,  London  1687,  lib.  2,  8ectio8. 

2)  Gommentarii  Academiae  Scientiamm  Petropolitanae  torn.  2  ad  annum 
1727  (1729),  S.  200. 
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seiiL  Zugleich  gilt  fiir  den  Spiegelunterschied 

jgf  =•  jgr^  +  J?, 
und 

(194) 

wonach  sich  der  DurchfloS 

(194  a) 


F  -4-  F 

dg  —  di8i  +  dz^  —    *j^    * dz^j 


F^F^    dg 


F,  +  F,dt 

findet.  Der  Ubertritt  der  Durchflufimenge  aus  dem  Gebiete  mit  hoherem 
in  jenes  mit  einem  um  z  niedrigerem  Spiegel  liefert  Arbeit^  die  zur  Yer- 
mekrung  der  lebendigen  Kraft  des  Wassers         p  ^ 
dient.  Die  Geschwindigkeit  an  einer  SteUe 
Tom  Querschnitte  F^y  welcher  in  der  langs 
der  Gef  afimittellinie  gemessenen  Entf ernung  ^ 
Tom  Gleichgewichtsspiegel  der  ersten  Gef  afi- 
seite  liegen  moge^  betragt 

F^+F^  dt  •^•' 
und  daher  die  lebendige  Kraft  der  Scheibe  von  der  Dicke  ds 

^    ^9    \XF,  +  F;)F,dt]       2g{F,  +  F^yF,\dt)  ^^' 
Sie  vermehrt  sich,  wie  die  Differentiation  nach  t  lehrt,  in  der  Zeit  dt  nm 


g  (F,  +  F,yF,df 

Fflr  das  ganze  GefaB  ist  also  die  Arbeit  einerseits  nnd  die  Vermehrung 
der  lebendigen  Kraft  andererseits 


und  so  gilt 


^F.+  f/^^^  g  (F,  +  F,ydt'^^J  F, 

1 

^'^  g  ~F,  +  F,dt'J  F/ 


Hieraus  folgt,  wenn  man  das  fiber  den  wassererftillten  Ranm  zn  er- 
streckende  Integral 

(195)  fp^  -  i. 

setzty  also  das  System  durch  ein  Rohr  yon  der  Lange  {  nnd  dem  Qner- 

schnitt  F  ersetzt, 

IF^F^      d*z 


(195  a) 


—  j? — 


g  F{F,  +  F,)dV 
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Nunmehr  werde  angenommen,  daB  die  Endraume  Zylinder  bilden^  oder 
aber  bei  beliebiger  Gef&Bform,  dafi  die  Schwingungen  in  derart  engen 
Orenzen  bleiben^  dafi  man  dennoch  F^  und  F^  als  konstant  betrachten 
darf  (wobei  man  unter  F^  nnd  F^  die  Mittelwerte  im  Bereiche  der 
Schwingnng  yersteht).  Femer  sei  aucb  das  durcb  Gl.  (195)  eingef&hrte 
I:  F  konstant,  namlich^)  bei  zylindrischen  Endraumen  F^'^F^,  oder 
nahesfu  hmstant,  namlich  bei  nngleicben  zylindrischen  Endraumen,  jeder 

Zylinderqaerschnitt  viel  grofier  als  jener  des 
Yerbindungsrohres  oder  auch  bei  beL'ebi- 
ger  Oef  afiform  die  Schwingnng  recht  klein. 
Unter  diesen  Annahmen  lautet  die  Losung 
Yon  (195  a)  genau  bzw.  angenahert,  wenn 
zur  Zeit  ^  »  0  der  Spiegelunterschied  z  sein  Maximum  haben  und  »  Z 
sein  soil; 

(195b)  g  .  Z co^y g^^^^^-^t. 

Es  folgt  sofort  fiir  den  Ausschlag  des  Spiegels  der  ersten  Gefafiseite 

(195c)         i^i-gr^^-^^^cosyg     ,i-^^/^- 

Auch  im  betrachteten  Falle  befolgt,  wie  schon  Daniel  BemouJU*)  nach- 
wies,  das  Wasser  die  Pendelgesetze,  und  zwar  erfordert  die  ein&che 
Schwingnng  (Hdchst-  bis  TiefsUage  desselben  Spiegels)  die  Zeit 


(196)  ^"^V; 


IF,F, 


gF{F,  +  F,) 

98.  Sohwingangen  mit  der  G^schwindigkeit  proportionaler 
D&mpftmg.  Wenn  die  Bewegung  des  Wassers  Reibungswiderstande 
und  dadurch  einen  Druckhohenyerlust  hervorruft;  der  der  ersten  Poteng^) 
der  Geschwindigkeit  proportional,  also  durch 

ausdriickbar  ist,  tritt  zur  linken  Seite  yon  (195  a)  ein  Glied  hinzu  und 
verwandelt  letztere  in 

^^^^^  ■"■  ^  ""  ^  57       7  F{F,+  F,)  W 


1)  So  z.  B.  in  H,  de  Lagreni^  Cours  de  navigation  int^rieore,  Paria  1869,  8, 
S.  186. 

2)  Danidis  Bernoulli,  Hydrodynamica,  Argentorati  1788,  S.  118,  120. 

8)  Nach  P.  Stdckel  in  Ensykl.  d.  mathem.  Wissensch.  4.  Mechanik,  1.  Teil- 
band,  S.  622  gaben  die  Oszillationen  der  Magnetnadel  den  enten  Anlafi  xor 
Untersuchnng  ged&mpfiei  Schwingungen.  Ebenda  die  weitere  geBchichtliche  Ent- 
wicklong. 
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worin  IF^F^  •  ^(^i  +  -^s)  winter  denselben  Bedingungen  wie  in  (195  a) 
als  ganz  oder  nahezu  konstant  betrachtet  werden  darf.  Diese  Bedingangen 
seien  erfUlt,  womit  sich  mit  den  konstanten  Grofien 

(197  8^  m  -  ^^  ^(Z.  +  A)      „»  _  £  ^(^.  +  ^>) 

Vi»<8;  »»i-2Z       F,F,      '     ^        I       F,F, 

die  Differentiftlgleicbmig  (197)  in 

(197  b)  g  +  2mJ/^  +  n'0-O 

verwandelt.  Werden  alle  Grofien  in  m  and  sec  ausgedriickt^  so  ist  der 
Dmckyerlust  jEt  in  m^  ^  and  r  in  sec,  m^  in  sec~^  and  n  ebenfalls  in 
sec~^  za  messen.  Die  allgemeine  Losung  lautet 

(197  c)   i?  -  Zi  e'  "•> '  cos  Yn^  -  m  J  ^  +  Z,  e-  "•* '  sin  ")/w*'^~m  J  t . 
Yon  ihrer  Richtigkeit  kann  man  sich  tlberzeagen,  indem  man 

(197 d)   ^j  --Zie-«**(wi  cosVn^-mi^^  +  l/w»^^«sin)/n^"VO  + 

—  Z,c-'"»'(wi  sin  yn*—  w^* t  —  }/n'—  w^* cos)/n*—  Wj*^) , 


femer  (bei  abgektLrzter  Schreibweise  der  trigonometrischen  Fanktionen) 


(197 e)    ^  -  Zie-"x'[(2mi*- w*)  cos  +  2*ni  Yn^-m^^  sin]  + 


+  Z,c-™»'[(2»ii*— n*)  sin  —  2miy»'-»ii*cos] 

ableitet  and  diese  Ausdrucke  in  (197  b)  einsetzi 

Nacb  (197  c)  macbt  der  Spiegel,  wenn  Yn*—  m^  eine  reelle  Grofle 
ist,  Schwingangen  yon  standig  abnebmender  Weite,  aber  stets  gleicber 
einfacher  Scbwingungsdaaer 

Ist  n*<f»,'  Oder  x^gF{F^-\-  F^)>  AilF^F^,  so  empfiehit  es  sich,  die 
trigonometrischen  Fanktionen  darch  Exponentialfunktionen  zu  ersetzen, 
das  heifit 

(198)      z  -  -i-Zi6-'"i'[6^™>^^'  +  c-V'^^^^""*'] 


«-"■»'  [Z,  Co?  Vwi*-  n*t  +  Zt  Sin  l/wi*—  «*<] 


zu  schreiben.  Der  erste  Differentialqaotient  yerwandelt  sich  dabei  in 
(it 


(198  a)  1^ ZiC-"''  [»t,  6of  /»ii*-  n»  *  +  Vm,»-  n»  @in>/mi*-«»<]  - 

- Z,c-'"«'[mi(Sin|/mi*- w* t - |/V--«*  S"!  V'mi*-n»f] . 
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Da  der  absolute  Wert  der  Xang  stets  <  ]   ist,  kann  nur  dann  b  ^  0 

werdea,  wenn  dem  absoluten  Wert  nach  Z^  <  Z^  ist.  Aacli  andert  sich  js 

nicht  periodisch  und  die  Spiegel  schwingen  nicht, 
sondern  nahem  sich  allmahlich  der  Ruhelage.^)  Ist 
eine  Dampfang  vorhanden,  die  der  GescJiwindigJceU 
proportional  ist^^)  so  konnen  die  Spiegel  demnach 
entweder  in  gleichen  Zeitraumen  Schtmngungen 
voUfuhren  oder  auch  unter  Umstanden  mit  oder 
ohne  einmalige  Ereuzung  der  Gleiclie  sich  aUmah- 

Itch  letzterer  nahem  ^  bis  sie  sie  nach  unendlich  langer  Zeit  erreichen 

(Aperiodizitat). 

99.  Scliwingnngen  mit  dem  Gesohwindigkeitsquadrate  propor- 
tionaler  D&mpfang.  Tatsachlich  sind  die  Widerstande  uicht  der  ersten, 
sondern  wesentlich  der  sweiten  Potenz')  der  Geschwindigkeit  proportionaL 
Der  Druckyerlnst  ist  also^  wenn  bis  auf  das  neue  Zeichen  g^  die  frfiheren 
Bezeichnungen  beibehalten  werden^  durch 


Qi  \dt) 


auszndriicken^  worin  g^  die  Dimension  m  sec'  (wie  die  Beschlennigiing  g 
der  Schwere)  hat.  Zur  Erleichterung  der  Vorzeichenwahl  werde  jeder 
Gang  ftlr  sich  betrachtet^  namlich  die  Bewegong  von  einem  Umkehr- 
punkte  znm  nachstfolgenden.  Er  besteht  ans  der  Zureise,  von  der  aofier- 
sten  Lage  zur  Gleiche,  und  der  Ausreise,  d.  i.  die  Bewegung  von  der 
Gleiche  zur  nachsten  aufiersten  Lage.  Das  z  des  Gangbeginnes  werde 
als  positiv  angeseheu;  so  daB  nach  jedem  Gang  eine.  Yorzeichenumkehr 
stattfindet.  Zum  Unterschiede  vom  Gang  werde  unter  Schwingung  die 
Bew^ung  von  einer  Gleichenlage  zur  nachsten^  also  eine  Ausreise  mit 
der  folgenden  Zureise  verstanden.  Bei  der  gewahlten  Bezeichnung  tritt 
an  Stelle  von  (195  a)  und  (197) 

1 


1)  8.  D,  Poisson,  M^canique  2.  ^d.  (183S)  1,  S.  861,  C,  G.  Gaufi,  Werke  6, 
S.  894. 

2)  Die  Bewegung  bei  zur  Geschwindigkeit  proportionaler  D&mpfong  hat 
anch  0.  Lueger,  Waaserversorgung  der  St&dte,  Darmstadt  1890,  S.  114  behandelt 
£r  fafit  Fi  z  als  „treibende  Krafb^  anf  und  vergiBt,  dafi  dieser  Kraft  Gegendrficke 
der  Sohle  entgegenwirken.   Seine  Ergebnisse  sind  daher  unrichtig. 

8)  Schon  von  J,  Newton,  Frincipia  pars  2,  sectio  6  und  von  S»  D.  Poisson, 
M^canique  1,  1811,  S.  405  behandelt  Mit  quadratischer  D&mpfung  berechnet 
G.  Coriolis  die  Schwingung  in  einem  Ca2t^y  schen  Stofiheber,  Joum.  de  math. 
8  (1838),  8.  446  f. 
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worin  (wie  oben  ftlr  die  Integration  yon  (195  a)  vorausgesetzt  wurde) 
F^,  F^,  F  und  I  ganz  oder  nahezu  unveranderlicli  seien.  Dann  lafit  sich 

(199)  in  der  Form 

Bchreiben^  worin  m  und  n  Eonstante  bedeuten  und 

{IW  b;  ^      ^  9,   'IF^F,     '     ^  -       IF,F, 

isty  also  n  denselben  Wert  wie  oben  in  (197  a)  hat.  MiBt  man  in  Meter 
und  Sekunden,  so  bat  m  die  Dimension  m~^.  Die  Losung  yon  (199  a) 
lautet 

(1990      «-[d:)*--^'--:;]+c-o. 

In  der  Tat  liefert  die  Differentiation  yon  (199  c) 

«"'"1-  »*  U)  +  2»«*«  +  -«r  +  2  d,.  -  2  -J  ^  -  0 

oder  nach  Abkiirzung  die  zu  integrieren  gewesene  Gl.  (199  a).  Aus 
(199  c)  folgt  weiter 

(199  d)         ^^;-,±i/^"V^:^-r^ 

Fib*  ein  maximales  b  ^  Z  muB  ^r  ""  0  sein^  womit  zugleich  gesagt  ist, 

dafi;  wenn  die  Ausschlagweite  erreicbt  ist,  das  gesamte  Wasser  einen 
Augenblick  stillsteht.  Kennt  man  Z^  so  kann  man  fUr  den  einsetzenden 
Gang 

(200)  G--^^.'(mZ+l)c— ^ 
und  hiermit 


(200a)  ^{  -  ±l/^«-  [w^  +  1  -  (wZ+  l)e-('-^] 

angeben.  Aus  (200)  lafit  sicb  ein  Schlufi  auf  die  auf  Z  folgenden  Aus- 
schl^weiten  zieben.  Aus  (200)  folgt 

oder 

mZ  —  log  nat  (mZ  +  1)  •=  log nat  -^ , 

imd  hiermit  f&r  zwei  aufeinander  folgende  grofite  Spiegelunterschiede 
bei  Addition  der  Eonstanten  1  die  Gleichung^) 

(201)    (mZi  +  1)  -  lognat (mZi  +  1)  =  {mZ^  + 1) -  lognat(mZn+  1). 

1)  Schon  yon  F.  Prditl  abgeleitet,  Schweiz.  Banz.  62  (1908),  S.  384. 
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Die  Beziehung  (201)  liefert  fur  jedes  Zj  das  nachstfolgende  Z^,  nnd 
zwar  mit  negatiyein  Yorzeichen  and  kleinerem  absolutem  Wert  als  Z^, 
Fiir  den  nachsten  Gang  ist  zufolge  der  eingangs  getroffenen  Bestimmong 
dann  wieder  Z^j  als  positiy  zu  betracbten.  Es  findet  sich  f&r  die  Ver- 
baltniswerie 


mZj  =     oo 

10 

8 

6 

5 

4 

mZn—      1 

0,9998 

0,9989 

0,9936 

0,9849 

0,9651 

mZj  —      3 

2,5 

2 

1,5 

1 

toZii  -  0,9207 

0,8809 

0,8214 

0,7316 

0,5936 

FtLr  alle  grofien  mZ^  weicbt  demnacb  wZq  wenig  yon  1  ab.  Dnrch 
wiederbolte  Anwendung  der  Formel  (201)  erhalt  man  yon  irgend  einem 
mZ  ausgebend  eine  fortlaofende  Reibe  dieser  Proportionalzablen.  Nacb 
W.  Liebisch^)  baben  die  ersten  20  auf  den  Anfangsausscblag  cx>  folgen- 
den  mZ  die  nacbstebenden  absoluten  Werte 

1  0,5936    0,4240    0,3301     0,27035  0,2290 

0,1986    0,1753    0,1570    0,1420    0,1298    0,1194    0,1106 
0,1030    0,0964    0,0906    0,0854    0,0808    0,0767     0,0730 

Diese  Zablenreibe  ist  nur  anwendbar,  wenn  das  mZ,  mit  dem  die 
Scbwingung  einsetzt,  mit  einem  der  in  ibr  entbaltenen  Werte  zusammen- 
f  allt.  FQr  den  allgemeinen  Fall,  daB  die  Bewegnng  mit  einer  beliebigen 
Anslenknng  anfangt,  gilt>)  nocb  die  Naberungsformel 

die  sicb  anf  absoluie  Werte  yon  Zj  und  Zjj  beziebt.  Die  Formel  (202) 
ist  brancbbar,  wenn  mZj<  1  ist,  was,  wenn  es  nicbt  schon  f&r  den 
ersten  Gang,  docb  stets  bei  dem  zweiten  und  nmsomebr  bei  jedem  fol- 
genden  zutrifft.  Fflr  mZj »  0,1  bzw.  0,01  stimmen  die  Ergebnisse  yon 
(202)  mit  den  genauen  yon  (201)  in  den  ersten  4  bzw.  7  Stellen  tLber- 
ein.   Scbreibt  man  (202)  fiir  x  anfeinander  folgende  Gauge  mit  den 


1)  Z.  d.  Get.  L  u.  A.y.  63  (1911),  S.  280,  b.  anch  ebenda  S.  636  n.  B,  Grammd, 
ZeitBch.  f.  d.  gesamte  Turbinenwesen  10  (1913),  S.  129. 

2)  Die  Beihenentwickelnng   von  (201)   liefert,   wenn  Zj  nnd  Zjj   absolute 
Werte  bedenten, 

i-(Zi'-  Zi)  -  :J(Zi'+  Z,i)  «  ungefahr  f  (Z^*^  +  ^jZ^). 

HierauB  folgt  61.  (202).   EmpiriBch  hat  Marquia  A,  de  CaUgny  (BechercheB  but  lea 
OBcillationB  de  Tean,  1,  Venailles,  S.  20)  eine  9.hnliche  Gleichnng  gefnnden. 
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AusBchlagweiten  (Spiegeldifferenzen)  Zq,  Zj. , .  Z^  slu,  so  folgt^j  durch 
Addition 

Betrachtet  man  drei  aufeinander  folgende  grofite  Spiegelunterschiede 
Zj,  Zji  und  Zjjjy  so  gilt,  soweit  (202)  zutrifiFt^ 

(202  b)  -i-+v'-       ^ 


^1  ^ITl  ^TL 

Sind  alle  Widerstande,  ist  also  die  Dampfung  dem  Quadrat  der  Ge- 
schwindigkeit  proportional ,  so  gerat  das  Wasser  nach  dem  Gesagten 
in  nicht  aufhorende  Schwingungen,  die,  wie  sich  zeigen  wird,  schliefilich 
in  reine  Sinusschwingungen  tLbergehen.  Die  Dampfung  wird  eben  bei 
unendlich  kleiner  Geschwindigkeit  im  zweiten  Grade  unendlicb  klein. 
Sind  daneben  Widerstande  vorhanden,  die  der  ersten  Potenz  der  Ge- 
schwindigkeit proportional  sind,  so  werden  diese  schliefilich  fQr  den 
Gang  der  Erscheinung  mafigebend. 

Aus  Gl.  (200  a)  lafit  sich  leicht  ein  Schlufi  auf  die  Anderung  de» 
Spiegelunterschiedes  g  mit  der  Zeit  ziehen,  wenn  die  Bewegung  soweit 
fortgeschritten  ist,  dafi  e'»(*-^  sehr  klein  und  geht  (200  a)  in  die  Be- 
ziehung 

5f-±y TIT' (*»*+!) 

liber,  die  ftlr  die  Zeit  ^u,  welche  die  Verringerung  eines  kleinen  Spiegel- 
unterschiedes jBTj  auf  j?^  erfordert, 

(202 c)  'in  -  ^  [1/^^+1  -  V^i^^^'l] 

ergibt,  oder  wenn  man  m  und  n  gemafi  (199  b)  ausdrtickt, 

(202)d)      ^  n  -  2  [Vf  +  ii  ,i^ri  -  VS  +  iin^T^ ' 

1st  eine  Yernachlassigung  in  (200  a)  unstatthaft,  so  miifite  man,  um  t 
durch  me  auszudrdcken,  eine  Integration  ausfUhren,  die  recht  mdhsam 
ausfiele,  weil  das  Integral  sich  nicht  in  geschlosseuer  Form  anschreiben 
lafit.  Ftlr  den  Sonderfall,  dafi  das  Integral  zwischen  ir  -»  0  (der  Gleiche) 
und  einem  jener  oben  angegebenen  mZ  zu  nehmen  sei,  die  auf  eine  un- 
endlich grofie  Ausschlagweite  folgen,  hat  Lidnsch^)  die  Berechnung 
nntemommen.  Er  gibt  nachstehende  Tabelle,  deren  Integralwerte  x 
noch  durch  n  zu  dividieren  sind,  damit  man  die  Zeitdauer  einer  Zu- 
oder  Ausreise  erhalt. 


1)  Z.  d.  6flt.  L-  u.  A.-V.  68  (1911X  S.  280. 

2)  Ebenda  S.  280. 
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yer3.nderang  yon  mZ 

Integralwert  % 

Znieise 

Ausreise 

Zareise 

Aasreise 

Smnme      i 

1.  Gang 

2.  „ 

3.  „ 

i.      „ 
5.      „ 

00  bis  0 

1  „    0 
0,694    „    0 
0,424    „    0 
0,830    „    0 

0  bis  1 
0    „    0,594 
0    „    0,424 
0    „    0,330 
0    „    0,270 

00 

1,747 
1,673 
1,648 
1,627 

1,475 
1,502 
1,617 
1,627 

00 

3,222        { 
3,176 
3,160 
3,158 

Man  erkennt;  daS  sicli  die  Snmme  der  x  immer  der  Zahl  %y  also 
die  Zeitdauer  der  Gange  immer  mehr  der  GroSe 


n  Y    a 


F,F, 


<2^*)  n-'-'V    g   F(F,  +  F,) 

nahert.  Gleiches  gilt  fur  die  Daaer  der  sogen.  einfachen  Schwingungen 
(Ansreise  mit  anschliefiender  Zureise).  Die  berechneten  x  beziehen  sich 
auf  bestimmte  Werte  von  mZ,  dabei  zeigt  es  sich  nach  Liebisch,  daB  fClr 
fwZ<  1  die  Naherungsformel 

mZ        /I 


<203a) 


6 


mzy 

10  / 


zutrifiEt^  in  welcfaer  das  obere  Zeichen  fdr  die  Ausreise  nach  dem  maxi- 
malen  Spiegelonterschied  Z,  das  nntere  fQr  die  Zureise  von  Z  bis  zur 
Gleiche  gilt.  Endlich  gibt  der  Genannte  noch  nachstehende  TabeUe,  die 
guten  Einblick  in  den  Gang  der  Erscheinung  gewahrt. 


1 

mZ 

nfache  Zeitdauer 

von  der  H5chstlage 

eines  Spiegel  bis 

Elide  der  Be- 
schleunigung 

Spiegelausgleich 

Tiefstlage 

00 

0,0 

00 

00 

1               1000 

0,186 

48,36 

44,77 

200 

0,386 

18,71 

20,12 

I                  80 

0,460 

11,42 

12,84 

40 

0,576 

7,80 

9,21 

20 

0,700 

5,28 

6,70 

10 

0,864 

3,612 

6,026 

5 

1,020 

2,579 

3,998 

2 

1,221 

1,941 

3,383              > 

,                     1 

1,345 

1,747 

3,222 

'                    0 

1 

7C/2 

«/2 

% 

Hiemach  erreicht  das  Wasser  seine  groBte  Geschwindigkeit  stets, 
ehe  es  in  die  Gleiche  einspielt;  und  zwar  vergleichsweise  um  so  frOher, 
je  grofier  bei  gegebener  Behalter-  und  Rohrform,  also  gegebenem  m, 
die  Ausschlagweite  ist^  mit  der  es  seine  Bewegung  beginni  Eine  Zeit- 
dauer selbst  erhalt  man  aus  der  entsprechenden  Tabellenzahl^  indem 
man  letztere  durch  n  dividiert,  also  mit  yiF^F^:  g F{F^  + F^  multi- 
pliziert. 
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Zam  Sclilusse  sei  noch  erinnert,  dafi  man  aas  jedem  Spiegelunter- 
scliied  z  (oder  Z)  den  zngeliSrigen  Spiegelausschlag  e^  (bzw.  Z^  einer 
GefaBseite  ilber  der  Gleiche  leicht  berechnen  kann,  indem  gemafi  (194) 
and  (194a) 


(204) 


ist. 


jer, 


i^i 


z 


F.  +  F^' 


Z, 


+ 

F,  +  F- 


r^.f,-^. 


100.  Sohwingungen  in  einem  Wasserschlofi.  Ein  System  bestehe 
aus  einem  Stauweiher,  dessen  Spiegel  man  als  unendlich  groB  betrachten 
darf,  einem  StoUen  vom  Querschnitt  JP  und  einem  Wasserschlofi  yon  der 
Gmndflache  JF\,  die  betrachtlich  grofier  als  der  Stollenquerschnitt  sei. 
Die  Geschwindigkeiten  im  Wasserschlofi  sind  dann  yiel  geringer  als  im 
StoUen  and  da  fiberdies  die  Wassertiefe  des  Wasserschlosses  viel  kleiner 
als  die  Stollenlange  ist,  brancht 
man  die  Arbeit,  welche  die  Be- 
schleunigung  der  Masse  im  Wasser- 
schlofi yerarsacht,  nicht  zu  beriick- 
sichtigen.    Bei  Wiederholung  der 
friiheren  Betrachtung^)  hat  man, 

wenn  man  die  Geschwindigkeit  im  ~**  wasaerackhfl 

Stollen  mit  U  nnd  den  Wasserspiegelunterschied  yon  Weiher  und 
Wasserschlofi  mit  js  bezeichnet,  als  Menge,  die  im  Zeitteilchen  dt  aus 
dem  Raum  mit  hoherem  Spiegel  in  den  mit  niedrigerem  tritt,  yFU. 
Bei  dem  Ubertritt  yerrichtet  das  Wasser  also  eine  Arbeit 

yFUzdt. 

Dieselbe  wird  zum  Teil  durch  die  Reibung  im  Stollen  yerbraucht  und 
zwar  sei  der  Druckyerlust  bei  einer  Stollenlange  I  und  einem  Profil- 
radius  R 


5\ 


1)  Dieses  Problem  hat,  insbesondere  nnter  Annahme  eines  znz  Geschwin- 
•digkeit  pioportionalen  Dmckyerlastes,  F,  FraHl  eingehend  behandelt,  in  dei 
Schweiz.  Baaz.  62  (1908),  S.  271,  301,  317,  838.  Yorher  bertlhrt  ist  es  in  A.  Budau, 
Drackschwankungen  in  Turbinenzuleitnngen  (als  ManuRkiipt  gedrnckt),  Wien  1905, 
sowie  TOn  H.  Lorenz  in  „Schwingangen  von  Flassigkeiten  and  ihr  Elnflufi  anf 
den  Qang  Ton  Ereiselr&dem*%  Zeitsch.  f.  das  gesamte  Turbinenwesen  6  (1908), 
8. 437,  468,  478.  —  Siehe  auch  H.  Larefie,  Lehrbuch  d.  technischen  Phjsik,  3.  Bd., 
MtUicfaen-Berlin  1910,  S.  194f.  —  Yerwandt  ist  die  Frage  der  Ansspiegelong  von 
Schlensenkanunem ,  siehe  die  genannten  Anfs&tze  Liebischa^  Z.  d.  Ost.  L  n.  A.Y. 
^8  (1911),  S.  280,  636,  woselbst  weitere  Literatnrangabe. 

Forohhalmer:  Hydranllk  23 
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Daher  betragt  in  der  Zeit  dt  die  Beibungsarbeit 

yFU-J^TPdt. 

Ferner  findet  wahrenddem  eine  Bescbleunigung  der  im  Stollen  enthal- 
tenen  Masse  (yFl  U :  g)  statt  und  dadurch  eine  Anderung  der  lebendigen 
Kraft  derselben  um 

l(t^V')-yFV-i'£s,. 

Die  Arbeitsgleichung  lantet  in  diesem  Falle  also 
(205)  ,_^E7«-i-^-0. 

Da  die  Gescbwindigkeit  im  Wasserscblosse  —  -jr  betragt  und  die  Wasser- 

menge^  die  im  Wasserscblofi  anfsteigt  (oder  sinkt),  ans  dem  StoUen 
kommt  (oder  in  ibn  fliefit)^  gilt 

^  ~F   dt 

und  weiter 

dU      _  J\  d^z 

dt  ""        F  dt^' 

Diese  Werte  in  (205)  eingesetzt  geben  als  Differentialgleichung  der 
Bewegung 

^       c*R  F*  \dt)  "^  gF  dt*  "" 
oder 

oder 

(205b)  g_^(^y+n«.-0. 

wobei 

(205c)  m»|g„     ««.fj- 

ist.  Die  allgemeine  Losung  lautet  wie  zuYor  die  61.  (199d)  mit  einer 
Eonstanten  C 


(205d)  ^  -  ±  ]/^-(m^+l)-Ce«-. 

Es  werde  nunmehr  angenommen,  dafi  zunachst  der  Durcbflufi  Q  statt- 
finde,  der  zur  Speisung  einer  Turbine  Tom  Wasserscblofi  aus  diene* 
Dann  werde  zur  Zeit  ^ »  0  der  Abfiufi  aus  dem  Wasserscblofi  pldtzlich 
gebemmt,  wodurcb  das  Wasser  yermoge  seiner  Tragbeit  in  letzterem 
aufsteigen  wird.  Zur  Zeit  Null  berrscbt  dann  im  Wasserscblofi  die  Ge- 
scbwindigkeit ^ 
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und  im  Stollen  die  Geschwindigkeit 

80  dafi  hier  der  Druckhohenyerlnst 

betragt.  Da  in  diesem  Augenblick  der  Spiegelunterschied  noch  dem 
Drackhohenyerlost  gleich  ist^  ist  noch  keine  Beschleunigung  yorhanden, 
nnd  gilt  fOr  den  Zeitpunkt  t  -  0  gemafi  (205b) 

-?-|.  +  n«A  =  0    Oder    ^  -  ]/ ^ 
nnd  gemafi  (205  d) 

Au8  den  letzten  beiden  Qleichungen  folgt 

SO  dafi  die  allgemeine  Losung  (205  d)  fQr  den  ersten  Gbing  die  Form 


(206e)  g  -  ±  y^  [{m,  + 1)  -  «-(-*>] 

annimmt.  Man  kann  sicb  nun  yorstellen^  dafi  die  Bewegnng  nicht  mit 
dem  Ausschlag  h  und  der  Gescbwindigkeit  U  zur  Zeit  t^^O,  sondem 
etwas  frQher  mit  der  AusBcblagweite  Zj  und  der  Gescbwindigkeit  l^ull 
begonnen  babe.  Dann  ist  f^r  z  ^  Zj  und  desgleichen  ftlr  die  Ausscblag- 

weite  Zii ,  mit  welcher  der  erste  Gang  endigen  moge,  ji~Oy  so  dafi 

nacb  (205  e) 

mZj  +1—  e^(^i-*)  -  wZn  +  1  —  e"<^ii-*)  -=  0 
oder 

(205 f)   (iwZi  + 1)  —  log  nat  (mZj  +  1)  =  wZn  +  1  —  log  nat  (mZj^  +  1) 

=-  mh  +  1 

sein  mufi^).  Nacb  (205  f)  ist  es  leicbt,  die  bochste  Erbebung  —  Zjj  des 

Wasserscblofispiegels   tlber   den  gewobnlicben  Betriebsspiegel  zu  be- 

recbnen. 

Bei spiel.  Es  werde  ein  Beispiel  behaodelt,  das  K.  Pressel*)  vorgebracht 
hat.  Eb  sei  n&mlich  die  Geschwindigkeit  U^  im  Bebammgszasiande  ^  8  m  Bec\ 
der  StoUenquerscbnitt  F---  12,57  m^  die  WasserBcblofifl&cbe  F^  >=  60  JP,  die  Stollen- 


1)  F.  Praia,  Scbweiz.  Bauz.  62  (1908),  S.  884;  vgl.  Gl.  (201),  sowie  Gl.  (207  b). 

2)  Ebenda  68  (1909),  S.  67. 
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l^ge  I  — 4000m,  der  DntckhOheuverluet  im  Stollen  II/'.'C*i{=°-0,000190&II7\ 
Eb  findet  aich  die  Tiefe  h  des  WaBBerschloBspiegeU  outer  dem  Stanweiberspiegel 
im  BehuTongBziistande  IC,*:  c'B  —  0,0001905  -  iOOO  -  9  —  6.8b»m,  der  Wert 
m  —  19,68  0,0001906-60  =  0,1869  m-',  mh  +  l  —  8,282  imd  aos  deiGl.t206f) 
M^-l-1  — lognat(mZn+l)  =  !,38S,  m^  +  i=>0,ll4G  oder  die  hOchsU  Er- 
hebtiiig  des  WassenchloBBpiegels  — Zjj^=4,T4m. 

Bei  schrittweisem  Torgange,  voa  dem  aoch  S.  S6d  die  Rede  aein  witd,  hat 
miui  an  Stelle  dei  GleichDngen  (206)  nnd  (20Ga) 


=-i('+^^)' 


and    Az 


rUAt 


nnd  Itann  folgende  Tabelle  berechnen '),  deren  Ergebnii  —  ^n  ' 

=  4,62,  wie  man 

debt,  eiu  genagend  geuaues  ist 

Zeit 

At 

t 

A. 

« 

0'  00" 
10" 

ao" 

—  0,6000 

—  0.6971 

—  0.6916 

+  6,8690 
-1-  6,2690 
+  6,6619 

0,0000 
-0,0147 
—  0,0277 

-1-8,0000 
4-  2,9858 
-1-  2,9676 

a'oo" 

10- 
20" 

—  0.4478 

—  0,4288 

—  0,4088 

-1-  o,a9sa 

—  0,1648 

—  0,6829 

-  0,0948 

-  0.0976 

-  0,1002 

-  -  2,2392 

-  -  2,1417 

-  -  2,0416 

6' 00" 
10" 
80" 
80" 
40" 

—  0,0666 

—  0,0329 

—  0,0102 
-1-  0,0126 

—  4,5800 

—  4,6766 

—  4,6086 

—  4,6187 

—  4,6068 

—  0.1187 

—  0,1187 

—  0,1186 

—  0.1188 

+  0,2780 
-1-  0,1648 
-1-  0,0608 
-  0,0685 

W.S.iiii  Statute  Praktisch  Dicht  weniger  wich- 

tig  ale  die  Kenntnis  der  bSch- 

^  steD   Lage   des    WasserschloB- 

3  spiegels  bei  plotzlicher  Absper- 

I  rung  ist  die  der  tiefsten  Lege 

>tt  bei   plStzlichem   AnlasB^i  der 

■§  Turbinenleitung ').     AQgenom- 

I  men  werde,  dafi  nach  dem  0£F- 

^  nen  das  Eraftwerk  stSndig  so 

ntnimmt,  daB  nacb  AofhOren  der 

Qcuwingnngen  im  Stollen  vom  Querscboitt  F  die 

Geschwindigkeit  U^  betragt.    Wieder  bedeute  F^  die  Gnmdflache  des 

Wasserscblosses,  U  die  Teranderlicbe  Stollengescbwindigkeit,  i  —  -,-„ 

den  jeweiligen  DmckbobenTerlast,  t  die  Zeit   Dann  besteht  abermals 

die  Arbeitsgleicbimg 

1)  Z.  d.  V.  deutscb.  Ing.  66  (1918),  S.  1398. 

2)  Ph.  FonMeimer,  Z.  d.  T.  deatBcb.  lug.  67  (1913),  S.  645. 
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(205)  ^«_____=,0, 

worin,  weil  derTurbinenbedarf  jFUJ,  teils  vom  Weiher,  teils  vom  Wasser- 
sclilofi gedeckt  wird^ 

(206)  FU^^FU  +  F,^^ 
oder 

(206a)  ^^«^^_^!| 

gilt.  Durch  Einsetzen  der  Werte  von  U  und  -jf  ^^^  (206)  und  (206  a) 
in  (205)  erhalt  man 

(mb)  .-W.--  2§ i7.f; + §■©■] + ^5  r,-  - 0. 

Die  dieser  DifiPerentialgleichnng  entsprechende  Enrve  mufi  der  Natur 

der  Aufgabe  nach  einer  Sinnslinie  ahneln.  Wird  nnn  eine  solche  ange- 

nommen^  das  heifit 

0  ^  Z^sia  at 

gesetzt,  worin  Z^  das  gesuchte  groBte  z  bedeutet,  so  kann  man  Z^  und 
a  derart  bestimmen^  dafi  zwar  nicht  die  linke  Seite  Ton  (206  b)  in 
jedem  Augenblick^  aber  doch  deren  Integral  zwischen  den  Gh*enzlagen 

(also  zwischen  at^O  nnd  a^  »  yj  Null  ist.  Man  bat  zunachst,  weil  fiir 

die  Anfangslage^  bei  der  aUes  Wasser  aus  dem  Wasserschlofi  kommt^ 

sein  mufi^ 

(207)  «-^, 

daher 

dg  „  4       F  jj  ,       d^z  F*  U^^    .       . 

g^-aZ^cosa^-^[7oCOsa^,     ^  -  -  ^^ -^  sm  a^, 

dann,  wenn  man  die  Werte  fur  jsr,  j-  und  ^^  in  (206  b)  einfiihrt, 

Z^  sin  at y^  [1—2  cos  at  +  cos*  a^]  — -p,   ^   sin  at 

oder  nach  Integration  (bei  der  man  a^  als  Variable  betrachtet) 

-  Z^ cos  at  -  ^^[a^  —  2  sin  at  +      ^     ^ J  +  -^  ^   cos  at 

und  nach  Einfiihrung  der  Grenzen 
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Hiennit  erhalt  man  f&r  die  tiefste  Senkung 
(207  a)  Z,  -  0,178  -^^-  +  "[/(o^TS^^^y  +  f^^  v}. 

In  dem  oben  behandelten  Beispiel  findet  sicb 

Z^  «  1,22  +  }/l,49  +  4000  .  0,1  of 9^02^9  »  9,87  m , 

w&hrend  durcb  ein  acbrittweises  Yerfahren  Pressel  9,80  m  fand. 

Fiir  raschen  Scblufi  scbeint,  so  lange  h :  Z  aich  nicbt  za  sebr  von  1  ab- 
weichend  beraasstellt,  die  ^hnlich  wie  (207  a)  gebante  Gleicbung 


(207 b)  Z  =  ^  -  ]/^»+  1,20  -^  U^*   (worin  h  =  ~^^\ 

zn  gelten'),  welche  bequemer  als  (205  f)  anszurecbnen  ist. 

Der  yerwickeltere  Fall  einer  weohselnden  Entnabme  eignet  sich 
ohne  willkdrlicbe  Annahmexi;  wie  z.  B.  die  der  Proportionalitat  Ton 
DruckrerluBt  and  Stromungsgeschwindigkeit^  nicht  mehr  fQr  eine  alge- 
braische  Losung*).  Hier  fahrt  schrittweises  Vorgehen')  zum  Ziele. 
Wieder  sei  der  Weiher  dnrch  einen  Stollen  von  der  Lange  I  und  Quer- 
schnitt  F  mit  dem  Wasserschlofi  von  der  Grundflache  jP^  verbnnden, 
werde  dem  Wasserscblofi  durcb  eine  LeituDg  die  nunmebr  wechselnde 

Menge  Q  in  der  Zeiteinbeit  entnommen,  und 
betrage  die  Stromungsgescbwindigkeit  im  Stol- 
len U,  der  Druckbobenverlust  U^ig,  wabrend  z 

■I -J     '         '     die  Hobe  des  Wasserscblofispiegels  iiber  dem 

IJL     '       -"  Weiberspiegel  (der  Gleicbe)   bedeute.   Es  sei 

femer  aufier  der  Leitung  eine  tFberfall- 
^^  scbweUe  von  der  Ansdebnung  b  in  der 
Hobe  h  fiber  der  Gleicbe  im  WasserscbloB  vorgeseben^  tlber  die  sobald 
0  >  h  ist,  die  Menge  y^}/2^6(0  — A)*/*  in  der  Zeiteinbeit  iiberflieBe- 
Es  gilt  dann  zunacbst  die  Raumgleicbung 

(208)  FV-F,p^  +  Q  +  ^i,yrgbiz-hy'^ 

(in  der  fUr  js  <.h  allerdings  |li  »  0  zu  setzen  ist).   Die  lebendige  Erafb 
zur  Zeit  t  ist  im  Stollen  n:iTT% 

und  im  Wasserscblofi  vemacblassigbar.    In   der  Zeiteinbeit   tritt  die 
Menge  FU  aus  einem  Gebiet,  das  unter  dem  Druck  des  Weiberspi^els 

1)  Nacb  briefiicber  Mitteilnng  von  W.  Liebisch. 

2)  B.  Dubs  geht  in  seinem  Bucb:  Allgemeine  Tbeorie  fiber  die  yer&nder- 
licbe  Bewegang  des  Wassers  in  Leitungen  (Berlin  1909),  S.  278  sogar  bo  weit, 
die  Beibong  in  einem  nnendlicb  langen  Stollen  zn  Temachl&saigen. 

8)  So  K.  Pressel,  der  von  einem  t^berfall  absah,  Schweiz.  Banz.  68  (1909), 
S.  67,  210. 
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steht,  unter  gleichzeitiger  tberwindung  des  Reibungswiderstandes  U^ :  g^ 
ins  Wasserschlofi  ein.  Daher  besteht^  wenn  man  die  Ton  den  zu-  und 
auflstromenden  Wassermengen  mitgefiihrten  Energien  yemachlassigt, 
die  Arbeitsgleichung 

(208.)  !|:i7^__F£r(.  +  £--), 

deren  linke  Seite  den  Differentialqnotienten  der  lebendigen  Eraft  nach  der 
Zeit  darstellt  Daraas  folgt  nach  Abktlrzung  durch  FU 

wabrend  die  Ranmgleicbong  (206) 

dg^^^[FU-Q-^iLyTgh{z^hyi^'\dt 

ergibt.  Ersetzt  man  nun  die  Differentiale  durch  Differenzen,  betrachtet 
man  also  kleine,  aber  mefibare,  statt  unendlich  kleine  Zeitintervalle,  so 
hat  man  statt  dessen 

(208b)  Af7--^(;^+^-)A^ 

(208c)  A^»=^-[FD'-g-4iit)/2^6(ir-;0'/*]A^. 

Man  kann  also,  wenn  man  im  Zeitpunkte  t  sowohl  U  wie  e  kennt,  A  V 
und  Aj?  fQr  die  Zeit  berechnen  und  daher  U  +  AU  sowie  g  +  Ag,  das 
flind  die  Werte,  angeben^  welche  die  Stromungsgeschwindigkeit  im  Stollen 
und  die  Spiegelhohe  im  Wasserschlofi  im  Zeitpunkt  ^  +  A^  haben.  Dabei 
setze  man  in  (207)  und  (207  a)  fQr  Q  besser  nicht  den  Wert  ein,  den  es 
zur  Zeit  t  hat^  sondem  das  Mittel  seiner  Werte  zu  den  Zeiten  t  und 
/  +  A^.  Es  ist  kaum  notig  hinzuzufiigen;  dafi^  so  lange  jer  <  A  bleibt; 
ft  »  0  anzunehmen  ist 

Wichtig  ist  es^  dafi  in  den  Fallen  der  Praxis  die  Schliefizeit  der 
Leitung  yiel  kiirzer  als  die  Schwingungsdauer  zu  sein  pfiegt.  Dadurch 
fallen  die  Maxima  der  aufeinanderfolgenden  Stofie  nahe  zusammen  und 
zeigt  sich,  wie  F.  PrdsU^)  und  R. Dubs^)  durch Beispiele  erlautert  haben^ 
die  Wirkung  eines  Leitungsschlusses  derart^  als  ob  er  nicht  in  kurzer 
Zeit;  sondem  plotzlich  erfolgen  wUrde. 

101.  Kleine  Sohwineningen  bei  fortw&hrendemi  DurchfluB.  Wieder 
sei  ein  Stauweiher,  ein  Druckstollen  Ton  der  Lange  I  und  dem  Quer- 
schnitt  Ff  ein  Wasserschlofi  von  der  Grundflache  jp\  und  eine  Turbinen- 

1)  Schweiz.  Bauz.  52  (1908),  S.  271,  801,  317,  338. 

2)  AUgemeine  Theorie  dber  die  yeranderlicbe  Bewegung  des  Wassers  in 
Leitungen,  Berlin  1909,  S.  204. 
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leitung  Yorhanden,  welche  die  etwas  veranderliche  AufscUagmenge  Q 
in  der  Zeiteinheit  fUhre.  Der  Dmckyerlust  kann  bei  Einfiilinuig  einer 

Eonstanten  ^s  dnrch  --  ausgedriickt  werden,   worin  die  Stromungs- 

geschwindigkeit  im  Stollen 

(209)  u-(Q-F,^):F 

ist  und^  wenn  man  sich  anf  Jdeine  Schwankungen  beschrankt,  sich  daher 


(209a)    ^ 


zeigt,  womit  der  Drnckyerlust 

9%F*       gtF*  dt 

wird.  AuB  (209)  folgt  weiter  durch 
Differentiation 

dU      ±^__F^dle 

dt  " 


(209  b) 


H 


=^4^ 


F  dt        F  dt^ 

Wenn  man  nun  die  Turbine  mit  einem  solcben  Regler  yer- 

sieht,  dafi  die  Nutzleistung  sich  nicht  andert,  so  mufi  QH 

stets  =  QH  bleiben,  wobei  Q  die  mittlere  oder  fQr  den  Be- 

trieb  yorgeschriebene  Beaufschlagnng,  H  die  Hohe  des  Wasserschlofi- 

spiegels  Uber  dem  IJnterwasserspiegel  und  H  den  Mittelwert  yon  H 

bedeutet.  Der  Regler  hat  also  durch  Drosseln  oder  Cffiien  der  Leitung 

dafiir  zu  sorgen,  daB 

d{QH)  -  QdH+  HdQ Qde  +  HdQ  -  0 

bleibe^  oder 

sei.  Nun  lautet  die  Energiegleichung  (ygl.  etwa  (197)) 


oder 


^/        U*\       d /IFU*\ 


g        dt 


e  — 


El 

9f 


1  iE 

g  dt 


Werden  hier  die  Werte  aus  (209  a)  und  (209  b)  eingesetzt,  so  ergibt  sich 


Q^^F^Qdz 


g^F*  dt  '^'gF  dt        gF  d«*  ' 


und  bei  Berdeksichtigung  yon  (209  c) 

*       g^F^'^  g^F*  dt       gF  H  dt 


I     Q_di_lF,d^ 
gF  dt* 
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oder 

(209  d)       5^^  +  Urj^  -  F,  h)  dt  +  if;  y"  -  ^ ' 

Diese  Differentialgleichung  nimmt  die  Form  von  61.  (197  b)  an,  wenn 
man  Q  and  H  mit  ihren  Mittelwerten  Q  und  H  yertauscht  ^)  und  zugleich 

s ^^  dnrch  eine  nene  Variable  ersetzt.  die  sich  von  0  nnr  durch 

die  konstante  Lange  Q^ig^F*  nnterscheidet.  Das  Integral  enthalt  dann^ 
wie  man  aus  (197  c)  erkennen  kann^  einen  Faktor  e~^*,  in  welchem 
im  Yorliegenden  Falle 

(209.)  ^_|(i_-^) 

ist.  Je  nachdem  m^  positir  oder  negativ  ist^  nimmt  e'^*^*  mit  der  Zeit 
ab  oder  zu,  oder  werden  die  Schwingnngsweiten  allmahlich  kleiner 
oder  grofier.  Damit  eine  Dampfang  stattfinde^  mufi  also  die  Gmndflache 
des  Wasserschlosses 

(210)  F.  >  ^»-^ 

^       ^  ^       2gH 

sein.  Ist  das  Gegenteil  der  Fall,  so  erhdht  die  Tatigkeit  des  Reglers 
die  TJnregelmaBigkeiten  des  Turbinenganges  und  wachst  jede  noch  so 
kleine  Gleichgewichtsstorung  ohne  Schwingung  zu  einem  endlichen  Ans- 
schlage  an.  Wird  der  Druckverlnst  in  einem  kreisrunden  Stollen  vom 

Durchmesser  D  in  der  von  Weisbach  beliebten  Form  durch  t-yr  s—  a^s- 

gedrlickt,  also 

_L      J   L 
9t  "  ^9  ^ 

gesetzty  so  geht  die  Ungleicbung  (210)  in 

(210  a)  ^i>CT 

fiber.  2).  Thoma  beweist  femer,  dafi,  wenn  der  mittlere  DruckhShen- 
yerlust  im  StoUen  mit  z  bezeichnet  wird^  ffir 

(210  b)  j,<&fjri  +  '^-(^-2,)] 


_y[.+e,^'(^_2.)j'-x) 


angefachte,  also  zunebmende  Schwingungen  entstehen  und  daS  fQr 

1)  Diese  YertauBchmig  macht  den  Beweis  unstreng.  Den  strengen  Beweis 
der  von  D.  Thofma  herrdhrenden  Fonnel  (210)  fahit  derselbe  in  seiner  Disser- 
tation: Beitr&ge  snr  Tbeorie  des  Wasserschlosses,  MQnchen  19X0,  S.  10. 
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<210c)  J',>f.;|{[l  +  ^^?-'(^-2.-)] 

nach  jeder  kleinen  Stoning  der  neue  Beharrangszustand  ohne  Schwin- 
gnngen erreicht  wird.^) 

BeiBpiele.*)  HOhenunierschied  U-\-z  zwiachen  Stanweiher-  und  Unter- 
wasserspiegel  « 10  m,  StoUenl&nge  {b>801  m,  StoUenqaerschnitt  F»  12,57  m' 

<4  m  Dmr.),  —  =  0,0712  m-i  sec*    entsprechend    f=ca.  0,018,    Arbeit    5§  — 

9% 
250  m  t  B«c-  *.    Es  berechnet  sich  z  =  0,299  m  und  F^  =  4,2  m',    F^  =»  279  m", 

jp^as  17560  m*^  wenn  man  mit  F^,  F^  und  F^  die  zechten  Seiten  der  Qleichungen 

(210  a),  (210  b)  und  (210  c)  bezeichnet.  _ 

Sinkt  bei  Hochwasser  im  Untergraben  H-^-z  auf  6^8  m,   bo  mu£  man  die 

Beaufschlagung  erhOhen,  wodurch  z  auf  0,778  m  w9,chBt  und  sich  Fa^=  83,6  m% 

JPft«  450  m*,  2?;=  6040  m«  findet. 

Fflr   5+^=60  m,    Z  =  301m,    F=  2,53  m«    oder    D « 1,8  m,    — =« 

0,1535  m~*  Bee',    entsprechend    f  =  ca.  0,016,    H  Q  =^  250  mt  Bec~*,    woraus 
i  «  0,616  m,  folgt  Fa  =  0,0328  m*,  Ff,  ^  5,13  m»,  F^  =  812  m*. 

Filr  eine  Hochdruckanlage  mit  ^ -|- ? »  200  m,  /=  1300  m,  F«  19,6  m' 

Oder  D  «=s  5  m,  —  =  0,221  m"  *  sec*,   entsprechend  i:  =  ca.  0,013,    HQ=^  9000 

9i 
mtsec-*,  folgt  :p=1,18  m  und  F^^  0,088  m*,  F^=  29,6  m\  Fg=  9950  m«. 

102.  Schwankung  eines  TrogspiegelB.  Ans  irgend  einem  Grunde 
sei  in  einem  rechtwinkligen  Troge  der  Wasserspiegel  in  einem  be- 
stimmten  Augenblicke^  obwohl  in  Rube,  weder  eben  nocb  wagrecht, 
sondem  bilde  eine  Flacbe  mit  gewelltem  Langenschnitt,  derart,  dafi 
jeder  Erhebung  auf  der  einen  Seite  eine  ebenso  grofie  Senkung  auf  der 
andem  Seite  entsprecbe.  Der  Quere  nacb  seien  die  Spiegellinien  wag- 
recbt.  Es  mufi  sofort  nacb  dem  gegebenen  Augenblick  eine  Bewegung 
einsetzen^  und  zwar  erfolge  diese  derart^  daB  sicb  alle  Hebungen  und 
Senkungen  des  Spiegels  proportional  ibrer  eigenen  Orofie  vermindem, 
wodurcb  der  Spiegel  durcb  die  wagrecbte  Lage  durcbscbwingen  mufi^ 

1)  Ebenda  S.  21,  24.  Hier  werde  bzgl.  des  WidderstofieB  in  Bdhren  ver- 
wiesen  auf  Ph,  Forchheimer  in  Encykl.  d.  mathem.  Wissensch.,  4.  Bd.,  3.  Teilbd., 
8.  437,  R.  Ihibs  u.  F.  Bataillard^  Allgem.  Theorie  tib.  die  ver&nderliche  Bewegung, 
1.  Bohrleitungen  von  L.  AUievi,  Berlin  1909;  femer  bzgl.  des  hjdraulischen 
Widders  auf  M.  GrUbler  in  Encykl.  d.  mathem.  Wissensch.,  4.  Bd.,  3.  Teilbd.,  S.  514, 
jET.  Lorenz,  Lehrbuch  der  technischen  Physik,  3.  Bd.,  Munch.-BerL  1910,  S.  228. 
AUerlei  Versuche  fiber  Schwingnngen  machte  A.  de  CcUigny^  s.  dessen  Recherches 
th^oriques  et  experimentales  sur  les  oscillations  de  Teau,  1.  Teil  Yersailles,  2.  Teil 
Paris  1883. 

2)  Ebenda  S.  25. 
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bis  sich  jeder  AusscUag  in  einen  entgegengesetzten  verwandelt  hat. 
Die  Zeitdaner  einer  solchen  Schwingung  sei  unter  Vernachlassigung  der 
im  allgemeinen  geringen  Wirkung  der  Reibung  und  unter  Yerzicht  anf 
den  Beweis  der  Moglichkeit  der  betrachteten  Bewegung  zu  berecbnen. 
Es  sollen  bedeuten  h  die  Tiefe^  I  die  Troglange  bei  : 
ungestortem  Gleichgewicht^  JPdie  Flache  zwischen  ^, 
der  gebobenen  oder  gesenkten  Spiegelhalfte  und  t 
der  Gleiche;  |,  und  iy,  die  jeweiligen  Schwerpunkts-  ^ 
koordinaten  der  Gesamtmasse ,  bezogen  auf  ein  i. 
durch  ihren  Schwerpunkt  0  beim  Ruhezustand  | 

gelegtes  Achsenkreuz^  |  und  r^  die  Koordinaten  des  Schwerpunktes  der 
Flache  i^^  bezogen  auf  die  Spiegelmitte  M,  Die  Gesamtflache  besteht 
dann  aus  einem  Rechteck  hi  mit  dem  Moment  Null  beztiglich  0  und 
zwei  Flachen  entgegengesetzen  Sinnes  mit  dem  Moment  eines  Enlfte- 
paares  2F^  bzw.  2JPi^.   Es  gilt  daher  ftlr  die  halben  Gesamtmomente 


(211) 


y  2 

Nach  (211)  lafit  sich  rj^  als  Funktion  yon  |,  darstellen,  dann  die  Pendel- 
lange  der  schwingenden  Masse^  namlich  der  ErUmmungshalbmesser  des 
Schwerpunktsbogens 

aufsuchen^  woraus  sich  weiter  nach  dem  Pendelgesetze,  insoweit  die 
Masse  als  die  eines  mathematischen  Pendels  aufgefafit  werden  darf,  die 
Zeitdauer  einer  vollstandigen  HLn-  und  Herschwingung  (oder  die  soge- 
nannte  doppelte  Schwingungsdauer  des  Pendels) 


(211a)  2T-2a]/l:<7gj 

ergibt. 

Beispiel  1.  Far  einen  ebenen  Spiegel^)  mit  der  Ausscblagweite  z  des 
ftnfiersten  Pnnktes  ist 

odei 

1)  /.  Grffger,  Z.  d.  Sgt.  I.  u.  A.V.  68  (1901),  S.  728.  Die  Trogspiegelacbwan- 
knngen  kebren  im  grofien  in  der  Natur  in  den  ,,Seicbe8'^  der  Binnenseen  und 
mancber  Meere  wieder. 
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tcsc 
2.  Ffir  einen  nach  der  Gleichung  y^^zvin  -.-  gewellten  Spiegel  findet  man 

bei  Zeilegung  yon  F  in  lotrechte  Streifen 

i_ 


1  /  7CX   -  /I  f  J?  l^ 

—  J,AZ«=£r   f  X  Bin -y- arc  =  2?  ( a;co8-y-  +  --j 


Bin-.-)     — -i^, 

0 

—-ri.hl  '^^-^   I  Bin' -^  aa;  =  -—  (   = Bin  -.-  cos  -  ^  i     =-77- 


Oder 

^  -  4Z«  ^'   -^  *'*''*'        "^       162«^  '        di,*^  SI*  ' 
und  Bchliefilich 

2  r«  *  ^-   -i^  -  1,800  -L_  . 

Eine  Betrachtoog  J.  H  Merians^  welche  K.  von  der  MiihU^)  yon 
der  Gleichung  (16  c)  der  yeranderlichen  reibungslosen  Bewegong  ana- 
gehend  wiederholte^  lieferte  iHr  niedrige  Schwankungen  statt  dessen  die 
Formel 

(21 1  b^  2 T  «  2 ]/--  Sotang  "^ , 

2Z 

die  far  sehr  niedrige  Schwankungen  zu  2T-»  — .^  wird.  Dieselbe  Zeit 

ygh 

wiLrde  bei  ihrer  Geschwindigkeit  Ygh  eine  Einzelwelle  zum  Hin-  und 

Hergang  benotigen. 

Die  Schwingung  der  Gl.  (211b)  bietet  das  Beispiel  einer  freien 

Schwingungy  bei  welcher  die  aus  dem  Gleichgewicht  gebrachte  FlOssig- 

keit  wahrend  des  Schwingens  sich  selbst  dberlassen  bleibt.  Zum  Unter- 

schied  hiervon  wirken  bei  der  unfreien  oder  eretvungenen  Schwingung 

auBer  der  Schwere  noch  sonstige  storende  Erafte  fortgesetzt  auf  die 

Fliissigkeit  ein,  bei  der  hierher  gehorenden  Gezeitenbewegung  z.  B.  die 

Anziehung  yon  Mond  und  Sonne'). 
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103.  Entstehung  der  Wellen.  Zu  den  haufigsten  schwingenden 
Bewegungen  des  Wassers  gehoren  die  Wellen  im  engeren  Sinne  des 
Wortes  oder  oszillatorischen  Wellen.    Die  yerschiedensten  Ursachen^ 


1)  Math.  Ann.  27  (1886),  S.  676.    J.  E.  Merian,  Dber  die  Bewegong  tropf> 
barer  FlfiBsigkeiten  in  GefS.6«n,  Basel  1828. 

2)  Bzgl.  der  ansgedehnten  einachla.gigen  Arbeiten  sei  insbesondere  Terwiesen 
anf  ff.  Lamb  (dentsch  von  Friedel),  Lehrb.  d.  Hydrodjaamik,  S.  291  f. 
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wie  Entnahme  oder  Eingufi  Ton  Wasser^  Eintauchen  oder  HerauBziehen 
eiiies  Festkorpers,  Bewegung  eines  solchen  im  Wasser,  Erscliiitteniog, 
TVind^  geben  zu  ihrem  Entstehen  AnlaB,  ja  selbst  die  einfache  Stromung 
mit  freier  Oberflache  erfolgt  stets  unter  WeUenbildung.  Die  Wellen 
interessieren  daher  sowohl  den  Geophysiker  als  aucli  den  Seemann  und 
Schiffbauer  und  den  Bauingenieur.  Yom  Standpunkte  des  letzteren  aus 
seien  sie  hier  besproclien,  das  beiBt  nur  insoweit^  als  ihre  Kenntnis  fOi 
bauliche  Anlagen  von  Bedeutung  erscheint.  Da  ist  zunachst  zu  betonen^ 
daB  die  Wellen,  mit  denen  bei  Bauten  am  Meere  oder  Seen  zu  rechnen 
ist,  im  allgemeinen  von  der  Luftbewegung  herriihren.^)  Nur  wenn 
letztere  weniger  als  0^5  m  see*  ^  mifit,  aufiert  sie  namlich  keinen  Ein- 
fluB  aufs  Wasser.  Steigt  die  Geschwindigkeit  auf  dber  0,5  m  sec^,  so 
wird  die  Oberflache  dunkler,  indem  sie  sich,  soweit  sie  unmittelbar 
Tom  Luftzug  getroffen  wird  und  solange  derselbe  herrscht,  mit  ,,Krausel- 
wellen'^  bedeckt,  die  nur  wenige  Zentimeter  Lange  und  wenige  Milli- 
meter Hohe  haben  und  im  GrundriB  Bache  Bogen  bilden.  Wind  yon 
mehr  als  1  m  sec  ^  erzeugt  eine  See  oder  einen  Seegang,  namlich  Wellen, 
die  zwar  zunachst  nur  Wenige  Zoll  Lange  haben,  aber  mit  der  Wind- 
dauer  wachsen  {G,  B.  Airys  forced  waves),  bis  sie  in  der  „toten*'  oder 
„ausgewachsenen''  See  ihr  Maximum  erreicht  haben,  welches  sich  umso 
bedeutender  zeigt,  je  groBer  und  tiefer  das  betreffende  Meer  isi  Nach 
Aufhoren  des  Sturmes  andem  die  Wogen  ihre  Form,  die  Meeresober- 
fiache  wird  regelmaBiger  und  von  den  wirren  Bewegungen  bleibt  die 
Ddnung  oder  der  Schwall  (houle,  swell,  Airys  free  waves)  mit  annahernd 
geschlossenen  Bahnen  der  Wasserteilchen  zurtLck.  Durch  Wirkung 
leichter  Brisen  und  Reflexionen  treten  zur  eigentlichen  Dtinung  (un- 
derswell)  noch  andere  Wellensysteme  hinzu,  auch  kann  die  Interferenz 
die  Bildung  stehender  WeUen  (Platscherwellen,  clapotis)  bewirken. 

104.  Diinung  bei  unbegrenzter  Tiefe.  Von  einer  Wellentheorie^) 
verlangt  man  zunachst  nur,  daB  die  durch  sie  dargestellte  Bewegung 
moglich  sei,  das  heiBt,  daB  sie  die  Kontinuitatsbedingung  und  die  me- 
chanischen  Gesetze  erfiille.  Hierbei  wird  zwar  wie  bei  der  Betrachtung 
vollkommener  Flfissigkeiten  die  Beibung  vemachlassigt,  also  z.  B.  der 


1)  0.  Biefi,  Repert.  d.  Phys.  26  (1890),  S.  109;  /.  ScoU-Russdl,  Brit.  Asa. 
Report  14.  Meeting  held  at  York  1844,  London  1846,  S.  317,  318.  G,  B.  Airy, 
Tides  and  Waves  in  Encyclopaedia  Metropolitan  a  5,  London  1846. 

2)  Eine  Darstellung  der  Wellentheorien  gaben  B.  de  Saint -Venant  tmd 
A,  FlamoMt,  Ann.  d.  ponts  et  chauss.  (6)  18)  (1887),  S.  31;  (6)  16  (1888),  S.  706. 
Weiter  sei  verwiesen  anf  A.  E.  H.  Love  in  Encykl.  d.  Mathem.  Wissensch.  4.  Bd., 
3.  Teilbd.,  S.  130  nnd  Fh.  Forchheimer^  ebenda  S.  420.  J7.  Lanib  (dentsch  von 
J*  Friedel)^  Lehrbnch  der  Hydrodynamik,  Leipz.-Berl.  1907,  S.  424  f. 
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21 


AuBendruck   senkrecht   zur  Oberflache   angenommen,   aber   doch  aaf 
Wirbelfreiheit  im  HelmhoUjsscii&i  Sinn  (Quirlfreiheit)  verzichtet. 

Fur  unendlich  tiefes  Wasser  wird,  wie  gezeigt  werden  wird,  den 
genannten  Forderungen  die  Theorie  F,  Gerstners^)  gerecht,  nach  welcher 
jedes  Teilchen^  das  Yor  Eintritt  des  Wogens  in  der  Tiefe 

(212)  Z-llognat^-^p^^ 

unter  dem  Ruhespiegel  gelegen  war  und  die  Abszisse  X  hatte^  nach 
Eintritt  der  Dflnung  mit  der  Winkelgeschwindigkeit  ^ :  T  einen  Ereis 

IX  ^  X  +  r  BiiiTC  (-7JT A , 
J 
jer  =  Z  —  r  cos  :jc  ^^-  —  y j  — 

mit  dem  Halbmesser  r  beschreibt.  In  (213)  bedeutet  21  die  Wellenlange 

Ton  Scheitel  zu  Scbeitel,  2T  die  Zeitdauer  eines  yollstandigen  Umlaufes^ 

t  die  veranderliche  Zeit^ 

22  den  Halbmesser  des 

obersten   Kreises.     Die 

Fahrstrahlen  von  den  be- 

treffenden    Mittelpunk- 

ten  zu  den  ursprttnglich 

in  einer  Lotrechten  ge- 

legenen   Teilchen    blei- 

ben  nach  (213)  parallel; 

wahrend   ftlr   gleiche   Unterschiede   von  X   die  Fahrstrahlen  gleiche 

Winkel  miteinander  einschliefien.  Wahrend  in  der  Zeit  2  T  jedes  Teil- 

^  chen  einen  vollen  Ereis  durchlauft^ 

schreiten  die  Wellen  mit  der  Schnel- 

ligkeit 

(214)  (D  =  Z :  T 


2^ 


nm  eine  Wellenlange  21  vorwarts.  Je  grofier  R:  I  ist,  desto  ausgepragter 
ist  die  Wellenlinie,  die  fur  { » 7rl2  eine  gemeine  Zykloide  (Trochoide) 

mit  lotrechter  Spitze  bildet.  —  Es  sei  nun  zunachst 
nachgewiesen,  daB  bei  der  geschilderten  Bewegung  die 
Masse  ihren  yollstandigen  Zusammenhang  bewahri  Zu 
diesem  Zwecke  sei  bemerkt,  daB  ein  sehr  kleines  Drei- 
_  eck  Yon  der  urspriinglichen  Flache  ^  s^,  namlich  mit  den 
Eckpunkten 


I 


1)  Theorie  der  Wellen  f.  d.  Abhandluxigeii  der  k.  bdhm.  Ges.  d.  WisseiiBcli^ 
Prag  1804.    Gilberts  Ann.  d.  Phjsik  (2)  2  (1809),  S.  412. 


104.  DfinuDg  bei  unbegrenztei  Tiefe 


36T 


X,  Z;     X  +  €,  Z;     X,  Z  +  f , 
wahrend  der  Donung  die  Endpunkte 


dx 


dz 


dx 


dz 


und  daher^  Trie  die  Addition  der  Trapeze  zwischen  den  neuen  Ordinate^ 
ergibt,  den  Flacheninhalt 


/         f   dz\     dx        /         9   dz        B   dz\/     dx 


dx\ 

dz) 


t   dz\     dx        e'  /dx  dz  dz  dx\ 

^dxj^dx"  Y \dxFz  ■"  d'x'dz) 


besitzt.  Fdr 
(215) 


dx  dz        dz  dx 

'd~xdz~"dxdz 


- 1 


Ruhespkgel 


bleibt  also  die  Dreiecksflache  ungeandert,  oder  die  Kontinuitat  erhalten* 

Nun  ergibt  die  Differentiation  von  (213)  bzw.  (212),  weil  r  nur  von  Z 

abhangt, 

dx        ^       nr  ft        X\ 

'dz        -  /J_       X\     dr       ^r  dr 

—  -l  — cos3r|^^  -  i)'  ^z^TdZ' 

dz  «r    .        /t        X\ 

dX r"°*lT-TJ' 

dx         .        ft        X\     dr 

dr^^'dZ^l         nr' 

womit  die  linke  Seite  von  (215)  bei  abgektirzter  Schreibweise  der  tri> 
gonometrischen  Funktionen  zu 

1  — ,-  cos  +  T^  ( "~  cos  +  -y"  cos  — r  +  "~j«~  cos  +  -T-  smM  —  1 

wird  und  die  Kontinuitat  bewiesen  ist.  —  Fdr  den  Nachweis  der  Gtlltig- 
keit  der  mechanischen  Gesetze  werde  der  ganzen  Wassermasse  eine  der 
SchneUigkeit  entgegengesetzte  Geschwindigkeit  I :  T  erteilt,  wodurch 
sich  das  Wogen  in  ein  stationares  Stromen  mit  unveranderlichem  Umrift 
verwandelt.  Bei  der  wogenden  Bewegung  betragt  die  wagrechte  Ge- 
schwindigkeit, wie  die  Differentiation  von  x  in  (213)  nach  t  lehrt  (wenn 
man  zugleicb  den  Zeitanfang  so  wahlt,  dafi  X  und  t  gleichzeitig  Null 
werden), 

nr  nt 

"jT  COS  -^  J 
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beim  Stromen  betragt  sie  also 

(215a;  w=- -y  cos-^-  — y, 

wahrend  die  lotrechte  Oeschwindigkeit  in  beiden  Fallen 
(215b)  ^-=m;  =  ^- sin-^- 

ist.  Hiermit  zeigt  sich  die  Gescbwindigkeitshohe 

(216)  -^  -  27  (-T«- T«"-  ^^«  T-  +  5^) 

nnd  ihr  Wachstum  von  ^  =  0  bis  ^  =  ^  daher  gleich 

2^(--^T-C08-^-  +  -^j=P^(l-C08^j. 

Wahrend  dieser  Zeit  waebst  aber  die  Tiefenlage  e  des  Wasseiieilchens, 
ob  das  Wasser  wogt  oder  stromt,  gemaB  (213)  um 

(Z-rco8f-Yr)-(^-»--^*)=*-(l-cos^). 

Die  Fallbohe  verwandelt  sich  also  in  Gescbwindigkeitshohe ,  falls  die 
Umlanfzeit 

(217)  T-^y^tirg, 

somit  die  Schnelligkeit 

(217  a)  --4-y?" 

ist.  Unter  dieserV oraussetzong  andem  sich  also  die  Stromungsgeschwindig- 
keiten  langs  der  Zykloiden  derart,  als  ob  diese  Leitflachen  bilden  war- 
den und  die  Oberflaehen  der  Wasserbander  nnter  gleichmafiigem  Gas- 
druck  standen.  —  Es  ist  nun  noch  zu  zeigen,  daB  auch  die  Dmckande- 
rung  senkrecht  zu  den  Leitfaden  richtig  erfolgt^  mit  anderen  Worten^ 
daB  man  die  von  oben  und  unten  gleich  stark  gepreBten  Leitflachen 
entfemen  kann^  ohne  daB  sich  die  Str5mungsweise  andert.  Zu  diesem 
Zwecke  werde  erinnert,  daB,  da  x  und  e  Funktionen  derselben  Yerander- 
lichen  t  sind,  fQr  den  Ertimmungsradius  q  der  Zykloide 


X  f"  —  x" z'  uvf  —  tt'tr 


9  [(«')*+ (O']'^'       (u» +  «?«)*''• 

gilt.   Bei  einer  Schichtdicke  An  betragt  daher  filr  eine  Stromlange  1 
die  Fliehkraft 

y   uvf — u'tt?    , 

,.-  an 

g  (u«  +  w«)V. 

und  das  Gewicht  derselben  Masse 

ydn, 
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daher  die  zar  Stromung  senkrechte  Teilkraft  des  Gewichtes 

Hiermit  ist  dargelegt,  daB  auf  der  Strecke  dn  der  Druck  im  W^serband 
nach  unten  nm  die  absolute  GroSe 

(217  b)        dp--^^-^^"t/-^dn 

zunimmt.  Bezeichnet  nun  djs^  die  Breite  desselben 

Wasserbandes  unter  seinem  Scheitel  und  Uq  die 

daselbst   herrscbende   Stromungsgeschwindigkeit^ 

80  muB,  da  die  gleiche  Menge  durch  de^  und  dn  lauft  und  die  Ge- 

scliwindigkeiten  negatiy  sind, 

eeisL  Zugleicb  bestimmt  sich  aber  fiir  den  Scheitel  nach  (213)  und  (212) 

d0a  =  dZ  —  dr  —  ^dr  '^ ±j^ ^^ 

und  nach  (215  a) 

I  —  itr 
Wo"" T~~' 

Hieraus  folgt 

,  Z  +  JtrZ  —  nr  1  , 

und 

(217c)  — df>  =  —  '   -        ,  ,--7  -       -  rr    dr. 

Nun  ist  zufolge  (215  a)  und  (215  b) 

/  «*r    .    %i  ,      n*r         nt 

(217  d)     ^u  —  M«?  +  M  M?  =  ^^  cos  ^  —  ^ ^^  +  -^^  cos  Y , 


80  daB,  wenn  f&r  die  Umlaufszeit  T  wieder  der  Wert  y%l :  g  gemaB 
(217)  festgesetzt,  also  g  ^%li  T^  gesetzt  wird,  sich  die  rechte  Seite 
von  (217  d)  zu 

—  ^8  {P  —  2%rl  cos  Y  +  ^**"*) 
▼ereinfacht.  Da  nun 

w«  +  «;« -  ^  (i«  -  2;r r i  cos  ^  +  «*''') 

ist,  geht  schlieBlich  bei  Aufrechthaltung  Ton  (217) 
(217.)  -ap-y^l^-;^ir-r{};-',^ir 

hervor.  Nach  (217  e)  ist  dp  nur  yon  dr  abhangig,  also  ist,  da  r  langs 

Forohhaimer:  Hjdniilik  24 


370  Xm.  Wellenbewegong 

einer  Zykloide  Beinen  Wert  nicht  andert,  der  Druckzuwachs  dp  zwischeiL 
zwei  gegebenen  Zjkloiden  an  alien  Stellen  des  yon  ilinen  begrenzten 
Stromungsbandes  gleicli  groS.  Wenn  also  die  Oberflache  unter  gleich- 
formigem  Lufidruck  p^  steht^  mufi  auch  der  Druck  p  langs  jeder  Zy- 
kloide gleichformig  sein,  so  daB  man  eine  beliebige  derselben  znr  Ober- 
flache machen  konnte.  Die  Ghrofie  dieses  Druckes  ergibt  sicli  aus  (217e) 
dnrcb  Integration  zwischen  der  Oberflacbey  wo  der  RoUkreisbalbmesser 
"-  B  isty  und  der  Eurve  vom  RoUkreisbalbmesser  r  zu 

(217f)         p-|,,+  y(-^lognatf-?^(^^^)-j,o+yZ. 

Da  dorch  die  Yerwandlung  der  Diinang  in  Stromung,  namlich  dorck 
die  Erteilong  einer  allenthalben  gleicben  Zusatzgeschwindigkeit  —  o^ 
an  den  Driicken  nicbts  geandert  wird,  gilt  (217  f)  aucb  fiir  das  Wogen 
und  besagt,  dafi  wahrend  der  Diinang  der  Druck  aaf  ein  Teilcben  so 
grofi  bleibtj  wie  er  war,  als  das  Teilcken  sick  noch  in  seiner  Buhelage  in 
der  Tiefe  Z  unter  dem  Ruhespiegel  hefand.  Die  abgeleiteten  Beziehungen 
wxirden  es  sebr  wabrscbeinlicb  macben,  dafi  eine  Ddnung  wesentlicb  die 
Gerstnerschen  Gesetze  befolgt,  wenn  dem  niebt  nacbstehender  Umstand 
widerspracbe.  Die  Welle  wandert  beim  Wogen  in  der  Bicbtung  des  sie 
erzeugenden  Windes  (nacb  der  Annabme  von  links  nacb  recbts)  und 
ebenso^  soweit  die  wagrecbte  Gescbwindigkeit  in  Frage  kommt^  jedes 
(im  Sinne  des  Ubrzeigers)  kreisende  Teilcben  in  den  Wellenbergen. 
Dabei  dreben  sicb  die  Teilcben  nacb  Gerstner  im  entgegengesetzten 
Sinne  ibrer  Umlauf  kreise,  wenn  bei  dem  nunmebr  gewablten  Sinn  der 
Eoordinaten  der  Ausdruck  der  Gl.  (8) 

(«8)  If  -  i 

positiY  ist.  Da  die  Drebung  yon  Wogen  und  Stromen  identiscb  ist,  ist  es 
zulassig,  letzteres  zu  betracbten.  FQr  dasselbe  gilt,  wenn  wieder  x  und  i 
gleicbzeitig  Null  sein  soUen,  nacb  (212),  (213),  (215  a)  und  (215  b) 

a?  =  r8m^,      £f  —  —  lognat— —  r  cosy ^T' 

nr         %t        I  nr    .     «t 

Der  entscbeidende  Ausdruck  (218)  kann  fiir  die  betracbtete  stationare 
Stromung  nun  aucb  in  der  Form 

^ j^       _^        du     dt    ,^dr_ /dw  dt    .du)dr\ 

♦1   *   M  I 


du        du  dw        dw 

w  de         \     u     "'    dx 
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geschrieben  werden,  und  zeigt  sich  dann  bei  Ausrechnung  der  Einzel- 
werte  (bei  abgekiirzter  Schreibweise  der  trigonometrischen  Funktionen)  « 

—  -uri^  Bin  -=  cos  /         -^^r:  COB 


(218  a)         -s^-  +  -i 


r""  ---COB  V^COB-^ 


29r 


-=7C08  -7^ COS  i— i  4-  2  cos' 


hCOB  COB -^— i  — COB* 

nr  nr  «'r' 

Das  Yorzeichen  dieses  Bniches  hangt,  da  V  >  n}r^  sein  muS;  also  der 
Nenner  immer  positiv  bleibt^  Yom  Zahler  ab.  An  den  Scheiteln  {t »  0) 
ist  der  cos  »  1 ,  daher  der  Zahler  bier  unter  IJmstanden  positiy.  Das 
besagt^  daS  die  Teilchen  sich  in  den  Scheiteln  wenig  gestreckter  Wellen 
im  entgegengesetzten  Sinne  des  Uhrzeigers  drehen.  DaB  der  von  links 
nach  rechts  wehende  Wind  dem  Wasser  solche  Drehmomente  erteile, 
ist  nicht  recht  denkbar. 

Da  die  Zjkloiden  vergleichsweise  schmale  Berge  zwischen  weiten 
Talem  aufweisen,  liegt  der  Ruhespiegel  nicht  in  der  Mitte  yon  Scheitel 
und  Sohle,  sondem  —  wie  dies  auch  bereits  Gl.  (213)  angibt  —  tiefer, 
nnd  zwar  um  das  Stiick  nR^  :2l,  Demnach  liegen  die  Wellenscheitel 

hoher  als  der  Ruhespiegel  oder  bei  yoUstandig  ausgebildeter  Troglinie 
in  der  Hohe  '/,  H  fiber  letzterem. 

Eine  Wellentheorie^  bei  welcher  die  Fliissigkeit  sich  wirbelfrei  be- 
wegt,  also  eine  Wellenbewegung,  in  welche  eine  yollkommene  Fliissig- 
keit aus  dem  Ruhezustande  iLbergehen  konnte^  hat  G,  O,  StoJces^)  an- 
gegeben.  Die  Oberflache  ist  angenahert  trochoidal  mit  dem  wesentlichen 
TJnterschied  gegen  die  Gerstners,  dafi  in  der  Grenzform  dachartige 
Eamme  yon  120^  Flachenwinkel  statt  scharfer  Schneiden  entstehen. 
Auch  findet  nicht  ein  blofies  Schwingen  der  Teilchen  statt,  sondem 
auch  ein  langsames  nach  unten  rasch  abnehmendes  Fliefien  in  der  Rich- 
tung  der  Wellenbewegung.  Eine  solche  Welle  yon  der  Grenzform^  also 
Yon  moglichster  Hohe,  hat  auf  Ghnind  der  Stokes Bchen  Theorie  J.  H. 
MicheU^  berechnet  und  gezeichnet. 

H.  V.  HdmhoUz^  behandelte  die  Bildimg  yon  Wellen  fiber  unend- 

1)  Cambridge,  Trans.  8  (1847) »  Stokes,  Math,  and  Phys.  Papers  1,  S.  197, 814. 

2)  Phil.  Mag.  (6)  86  (1898),  S.  480. 

8)  Berlin,  Sitzangsberichte  d.  k.  preufi.  Akad.  d.  Wiss.  1889,  2.  Halbbd.^ 
S.  772  «  Wissenschaftl.  Abh.  8,  S.  888. 

24* 
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Welle  naoh  Wien. 


licher  Tiefe  durch  den  Wind  aLs  Siaromung  einer  reibungslosen  Fltlssig- 
keit  (der  Luft)  fiber  einer  anderen  (dem  Wasser),  wobei  er  allerdings 
die  Fordening  der  Gleichheit  der  beiderseitigen  Normaldrucke  aof  die  ge- 

^  J _^    meinschaftliche  Gh'enzflache 

nicht  Yollstandig  zn  erfallen 
vermochte.  W.  Wien^)  hat 
dann  nach  der  HdmhdUjs- 
schen  Methode  verscbiedene 
Wellen  bestimmt  und  ge- 
langte  bei  seinen  Ziffembeispielen  bei  sanftem  Wind  zu  spitzeren  Formen 
als  bei  hefbigem^  was  mit  der  WirUichkeit  kaum  in  Einklang  stehen 

dtlrfte. 

Eg  liegt  nun  die  Frage  nahe,  wie  weit  die  verscbiedenen  Tbeorien 
der  Beobacbtung  entsprechen,  allein  die  Antwort  ist  nicht  leicht  zu  er- 
teilen^  denn  die  Aufnahme  von  Wellen  im  freien  Meer  bietet  groBe 
Schwierigkeiten  and  die  SchluBfolgening  aus  einer  Aufnahme')  auf  die 
Giiltigkeit  einer  Theorie  wird  tiberdies  dadurch  erschwert,  dafi  die 
Meeresoberflache  zumeist  von  mehreren  sich  kreuzenden  Wellensjstemen 
bedeckt  wird.  Das  ist  auch  der  Grund,  warum  die  reinsten  Wellenformen 
nicht  wahrend  eines  Sturmes,  sondem  spater  erscheinen,  nachdem  die 
Zahl  der  Systeme  sich  durch  die  Dampfung  verringert  hat.  Einigen 
Anhalt  ftlr  die  Beurteilung  bietet  das  Yerhaltnis  der  WellenUnge  21 
(Entfemung  benachbarter  Scheitel)  zur  Wellenhohe  h  (HShenunterschied 
Yon  Scheitel  und  Sohle).  Dasselbe  betragt 


nach 
1  Beobachtong 

1          von 

Wind  nach  Beaufortskale 

Yerh&ltniB  21  :h 
Maximum    '    Minimum        Mittel    ; 

G.  Schotf)  . 

Qerstner,  .  .  . 
Stokes-Michell 

m&fiiffer  Wind »»  5 
starker  Wind  «  6  bis  7 
Stnrm            9u.mehr 

41 
19 
21 

ep 

00 

20           ^ 

18 

13 
3,14 
7,04 

38 

18 
17 

Nach  Proetds  Beobachtungen  entstehen  die  flachsten  Wellen  bei 
mittleren  Windgeschwindigkeiten  und  groBer  Landentfemung,  die  steil- 
sten  bei  groBen  Windgeschwindigkeiten  und  kurzer  Landentfemung.  Dem 


1)  Lehrbuch  der  Hydrodynamik,  Leipzig  1900,  S.  169  «»  Berlin,  Sitzungs- 
berichte  d.  Ak.  1894,  2.  Halbbd.,  S.  509. 

2)  Bin  Veifahren  zur  photogrammetrischen  Anfnahme  gibt  TF.  Laos,  der 
anch  einige  Anfahmen  beifugt,  in  der  Z.  d.  V.  dentsch.  Ing.  49  (t906),  S.  1889, 
1937, 1976  an;  aber  die  eigentliche  Yerdffentlichang  der  Ergebnisse  steht  nochaui. 

3)  t)ber  die  Dimensionen  der  Meeres wellen,  Berlin  1893. 
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Beschauer  erscheinen  auf  ilin  zulaufende  Wellen  yiel  steiler  als  sie  wirk- 
lich  sind^). 

Die  Energie  einer  Dfinnng  lafit  sich  unschwer  berechnen.  Die 
Winkelgeschwindigkeit  eines  kreisenden  Teilchens  von  Volum  d  V  und 

Eigengewicht  y  betragt   nach   (213)    rp,  und  daher  seine  kineidsclie 

Energie  bei  Berucksichtigung  von  (217) 

Die  Mittellage  des  Teilchens,  das  ist  der  Mittelpunkt  seiner  Ereisbahn, 

befindet  sich  nach  denselben  Grundgleichungen  ^f  ^^^^  seiner  Bube- 

lage.  Seine  potentielle  Energie  (die  zur  Erhebung  aufgewendete  Arbeit) 
ist  also  der  kinetischen  Energie  gleich.  Die  Wassersaule,  die  in  der 
Ruhelage  die  Ghmndfiache  Eins  besafi,  empfangt  also  (durch  den  Wind) 
bei  der  Diinung  die  Gesamtenergie  (siehe  (212)) 

r  =  0 

Auf  die  Breiteneinheit  einer  Welle  von  der  Lange  21  und  der  Hohe 
A  —  212  entfallt  also  bis  in  unendliche  Tiefe  die  Gesamtenergie 

105.  Diinung  bei  endlicher  Tiefe.  FiLr  endliche  Tiefe  H  kennt 
man  noch  keine  Losung^  welche  die  eingangs  genannten  Bedingungen 
(KontinuiiSt  und  mechanischen  Gesetze)  voUstandig  erfSllt,  doch  ist, 
wie  Boussinesq^  zeigt,  die  Annaherung  eine  groSe,  wenn  man  die  Ab- 
hangigkeit  der  Eoordinaten  eines  Teilchens  von  der  Zeit  t  durch 

[js^Z^  +  b  cosn\^^ ^-j 

1)  Z.  f.  Bauw.  62  (1912),  Sp.  690,  996  mit  Wellenbildem  Bl.  73. 

2)  Eanz  conrantes,  S.  334.  Photograpbien  aufeinander  folgender  Stadien  in 
einem  Troge  erzeugter  Wellen:  A  J.  Marey,  Paris,  C.  R.  116  (1893),  S.  913. 
P.  KeUand  Iftfit  8&mtlicbe  Teilchen  Ereise  beschreiben,  wodnrcb  der  Kontinnit&ts- 
bedingnng  nicbt  so  gut  entsprocben  wird,  Edinburgh  Roy.  Soc.  Trans.  14  (1840) 
u.  16  (1844). 
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ausdirlckt,  also  die  Teilchen  Ellipsen  beschreiben  lafit.  In  (220)  werden 
zum  Unterschiede  von  frUher  die  Ordinaten  yon  unten  nach  oben  ge- 

messen  and  bedeuten  x  und  z  die  Eoordinaten 
des  bewegten  Teilcbens,  X  und  Z^  die  seines 
Bahnmittelponkies,  t  wieder  die  Zeit,  T  die 
halbe  Umlaufzeit.  Die  Halbachsen  der  Ellipsen 
in  (220)  sind 


W^fO^wXSfWl 


(220  a)     a-JS 


Q^of 


©in 


%Z^ 


nH 


6tn 


nZi 


b^B 


@in 


H^ 


wobei  R  die  halbe  Wellenhohe  und  R  die  Hohe  der  obersten  Bahn- 
mittelpunkte  iiber  der  Sohle  bedeutet. 

Eine  Seichtwasserwelle  von  der  Lange  I  kann  man  gemafi  (220a) 

aus  einer  gleich  hoben  Tiefwasserwelle  von  der  Lange  I  Xang  -,—  oder 

der  halben  Umlaufzeit  1/  —  Xang  — ,—  ableiten,  indem  man  alle  Langen 

mit  Sotg  -  J-  multiplizieri  Dadurch  wachsen  alle  Entfemungen,  sobald 

man  vom  Wogen  zum  Stromen  libergeht,  nahezu  im  gleichen  Yerhali- 
nis,  wahrend  die  Hohen  und  daber  die  Gescbwindigkeiten  die  alien 
bleiben.   Es  wird  also  nunmehr  die  halbe  Umlaufzeit  ungefahr 

(221)        T -  ©otattfl -f  Yj^ni-f-  -  ■j/y^otong'f , 

femer,  wie  schon  Airy^)  gefunden  hatte  und  auch  aus  den  Arbeiten  Toa 
Laplace  und  Poisson  herrorgeht,  die  Schnelligkeit 

(222) 


a>  -  ^  =  j/^  lonfl  ^ , 


nH 


also  kleiner  als  bei  unendlicher  Tiefe.   In  (222)  hat  Zang  -j   oder  das 
Halbachsen verbaltnis  b  :  a  der  obersten  Bahnen  folgende  Werte: 

H:l~  1,0        0,75      0,5        0,25      0,1 

=  0,998    0,991    0,958    0,810    0,552. 


V 


lang  -f 


I 


Die  grofite  Umlaufgeschwindigkeit  erlangen  die  Teilchen  an  den  End- 
punkten  der  kleinen  Achse,  und  zwar  ist  sie  daselbst 


(dx\  na 


1)  Lamb,  Lehrbuch  der  HydrodyDamik,  dentsch  von  Friedd,  S.  430,  zitiert 
Tides  and  Waves  (1845),  §  160  f. 
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rr 

Oder  fdr  die  Oberflachenteilchen^  fQr  die  a  »  6  Sotang  n  y  ist, 


(222a)  „,_y?^.y«^. 

Bei  Beobachtong  yon  533  Wellen  yerscbiedenster  Grrofie  hat  2).  D.  GaU- 
la/rd^)  die  Formel  (222)  bestatigt  gefanden.  Bei  Abnahme  der  Tiefe  H 
yermindert  sich  die  Wellenlange  21,  nnd  dies  hat  ein  weiteres  Abnehmen 
der  Scbnelligkeit  zur  Folge,  so  dafi  bei  sanft  ansteigendem  Griind  die 
Abnahme  nach  dem  Genannten  der  empirischen  Formel 


00, 


gehorcht,  in  der  sich  o^  und  cd,  auf  dieselbe  Welle  beziehen^  die 
ans  der  Tiefe  H^  in  die  geringere  E^  gelangt.  Die  Abnahme  der 
Schnelligkeit  mit  der  Tiefe  H  bei  Wellen  gleicher  Lange  21  bewirkt, 
daB  sich  in  der  Nahe  des  Ufers  die  Wellenkamme  parallel  zu  ihm 
richten').  Denkt  man  sich  eine  Welle  nach  (220)  nnd  eine  Tiefseewelle 
nach  (213)  yon  gleicher  Lange  und  Hohe  derart  znsammengelegt,  daB 
die  Scheitel  und  die  Tiefstpunkte  sich  decken,  so  yerlauft  im  (ibrigen 
der  UmriB  der  erstgenannten  Welle  durchweg  tiefer  als  der  der  Tiefsee- 
welle. Je  seichter  das  Wasser  ist,  desto  hoher  liegt  also  zufolge  (220) 
bei  gegebener  Wellenhohe  und  Wellenlange  der  Scheitel  fiber  dem 
Ruhespiegel.  Die  Beobachtung  wirklicher  Wellen ,  die  in  Ufernahe 
keineswegs  auf  dieselben  Schwierigkeiten  stoBt  wie  im  offenen  Meere, 
zeigt'),  daB  tatsachlich  bei  gegebener  Wellenhohe  und  -lange  der  Um- 
riB noch  etwas  tiefer  yerlauft  als  nach  (222).  Dementsprechend  fand 
jD.  D.  GaiUard^)  bei  45  Wellen,  die  or  unmittelbar  yor  ihrem  Brechen 
beobachtete,  daB  deren  Eamm  in  der  Hohe  %,-»  0,67  bis  0,89  A  und  im 
Mittel  in  der  Hohe  0,76  h  fiber  dem 


:»► 


*■■■■ I 


Ruhespiegel  lag,  wobei  h  die  Wellen-  ^  JiuJtesp. 

hohe,  d.  i.  den  Hohenunterschied 

yon  Scheitel  und  Talsohle  bezeich- 

net.  Der  Eoef&zient  yon  h  wuchs 

bei  Gegenwind  und  Yerflachung  des  Grundes,  und  nahm  ab,  wenn  der 

Wind  in  der  WeUenrichtung  wehte  oder  der  Grund  steil  anstieg.  Der- 

1)  Professional  papers  of  the  Corps  of  Engineers,  U.  S.  Army;  31  =  D.  D. 
GaiUard,  Wave  Action,  Washington  1904,  S.  108. 

2)  Siehe  z.  B.  6r.  Hagen,  Handbach  der  Wasserbankunst,  S.  T.,  1.  Bd., 
Berlin  1863,  S.  21.  Dafi  Ausnahmen  yorkommen  k5nnen,  betont  A,  de  CcUigny, 
Paris  C.  B.  76  (1873)  S.  84. 

3)  GaiUard,  Wave  Action,  S.  68. 

4)  Ebenda,  S.  111. 
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selbe  Beobachter^)  nahm  auch  Wellen  auf,  die  nicht  brachen,  iind  ge- 
langte  znr  Meinung,  daB  ftir  solche  Wellen 

(223)  K-Y  +  <'^ 

sei^  wobei  c  eine  ftir  jeden  Beobachtungsort  verschiedene  Konstante  Tor- 
stellte.  Im  Schiffahrtskanal  yon  Dalnth  war  beispielsweise  bei  7,9  m 
mittlerer  Tiefe  c  »  2^0.  Erwabnenswert  ist,  dafi  unter  789  beobach* 
teten  Wogen  eine  mit  besonders  tiefem  Scheitel,  namlich  mit  %^— 0,35^ 
Yorkam,  und  zwei  von  abnorm  hoher  Lage.  Bei  einer  Welle  im  Duluth- 
Eanal  von  2,44  m  Hohe  and  45,7  m  Lange  lag  namlich  der  tiefste  Punkt 
0,15  m  iiber  dem  Ruhespiegel,  und  bei  einer  anderen  im  Oberen  See  von 
0,76  m  Hohe  nnd  18,3  m  Lange  0,06  m  uber  dem  RohespiegeL  Unter 
letzterer  WeUe  war  die  Ruhetiefe  f  —  1,4  m  und  die  Welle  brach 
spater  tlber  1,2  m  Tiefe.  Es  scheint  daher,  dafi  bei  Stfirmen  stets  einige 
abnorme  Wogen  das  Ufer  erreichen. 

Bei  Tiefseewellen  soil  der  staiische  Druck  nach  GiL  (21 7  f)  fQr  jedes 
Teilchen  so  grofi  wie  im  Ruhezustande  bleiben.  Bezdgliche  Messungen 
liegen  aber  nur  ftir  Seichtwasserwellen  yor.  D,  D.  GaiUard ')  brachte 
namlich  auf  einer  wi^rechten  Berme  der  einen  Mdndungsmole  des 
Schiffahrtskanal  yon  Duluth  30  cm  unter  dem  Ruhespiegel  ein  Dosen- 
manometer  an  und  fand,  dafi,  wenn  Wellen  langs  der  Mole  wanderten, 
die  Druckhohe  im  Mittel  auf  0,89  der  ursprdnglichen  Tiefenlage  sank 
und  dabei  durchschnittlich  0,71  der  Tiefenlage  unter  dem  Wellenscheitel 
betrug. 

Die  gesamte  Energie  yom  Spiegel  bis  zum  Grunde  einer  Welle  yon 
der  Lange  21  und  den  Halbachsen  a  und  b  der  Ellipsenbahnen  der 
Oberflachenteilchen  berechnet  D.  Z).  GaiUard^)  yon  der  Gl.  (220)  aus- 
gehend  zu 

(224)  y6n(l-?^'«^. 

106.  Gr5Ae  beobaohteter  Wellen.  Interferenz,  Spaltong,  Ver> 
st&rlmng.  Zwei  Fliissigkeiten.  Eine  nach  der  Wellenlange  geordnete 
Zusammenstellung  samtlicher  ihm  bekannten  Messungen  yon  Ozean- 
weUen  hat  D.  D.  GaiUard*)  yeroffentlicht.  Seine  TabeUe  beginnt  wie 
folgt: 

1)  Ebenda,  S.  113. 

2)  Ebenda,  S.  166. 
8)  Ebenda,  S.  46. 
4)  Ebenda,  S.  76. 


106.  Dflnung.    106.  GrCBe  dei  Wellen,  Interferenz  nsw. 
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Meer 

Wellen 
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22 

h 
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21 
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2T 
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m 

Sec 
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Atlantischer  Ozean 
Atlantischer  Ozean 

■Wick-Bai 
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W.  Scoresby 

„Normania'' 

Th.  Stevenson 

y.  Cornish 

a.  Schott 

Paris 

W.  Shield 

„Novara** 

Chaden 

Paris 
G.  Schott 

Anfierdem  berichtet  Gaillard,  dafi  eine  Yon  Z,  L,  Tanner  im  Stillen 
Ozean  unweit  der  amerikanischen  Kdste  photographierte  Welle  min- 
destens  15  m  hoch  gewesen  sein  mufi.  —  Auf  Meeren  geringerer  Aus- 
dehnung  und  auf  Seen  entstehen  nicht  so  gewaltige  Wogen,  die  Wellen- 
hohe  h  hangt  namlich  nicht  blofi  yon  der  Starke  des  Sturmes^  sondem 
ancli  Yom  Seeraum  (reach,  fetch)  d  ab,  d.  i.  von  der  Ausdehnung  der 
Wasserfiache  auf  die  Luyseite,  und  Th.  Stevenson^)  gibt  die  Erfahrungs- 
regel^  es  sei  fQr  h  und  d  in  Meter  gewohnlich 

(225)  h  -  0,0106  Yd 

bei  geringer  Luyweite  d  und  heftigen  Windst5fien  (violent  squalls)  je- 

doch 

(225  a)  A  -  0,0106  Yd  +  0,762  -  0,0465  Yd. 

Ein  genaues  Zutreffen  der  Formeln  ist  schon  wegen  der  Yerschieden- 
heit  der  Sttirme  nicht  zu  erwarten,  und  so  liegt  in  dem  Umstande,  dafi 
acht  Bestimmungen  von  2).  D.  Oaillard^)  fQr  Seeraume  von  0,7  bis 
3,6  km  das  0,56  bis  1,33  fache  h  der  61.  (225)  und  fUnf  Bestimmungen 
fiir  Seeraume  von  29  bis  479  km  das  0,93  bis  1,21  fache  h  der  61.  (225  a) 
ergaben,  eine  gentigende  Bestatigung  der  Aufstellungen  Stevenson^, 

Hintereinander  laufende  Wogen  brauchen  nicht  die  gleiche  Hohe 
zu  haben,  eher  zeigen  sie  einen  gewissen  Rhythmus,  so  daB  bei  den 


1)  The  Theory  and  Practice  of  Hydromechanics,  S.  166,  nach  Edinburgh, 
Boy.  Soc.  Proc.  4  (1867/62),  S.  200.  Th.  Stevenson,  Design  and  Construction  of 
Harboom,  8.  ed.,  Edinburgh  1886,  S.  29. 

2)  Wave  Action,  S.  67. 
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Romem  jeweils  die  zehnte  Woge  ale  die  hochste  galt.^)  Wahrend  der 
Begegnung  gegeneinanderlaufender  gleich  hoher  Wellen,  bei  welcher 
das  Wasser  auf  die  l,79faclie  Hohe  der  einfachen  Welle  stieg*),  be- 
obachteten  die  Brflder  Wfber  eine  kleine  Verzogerung.  Von  fasten 
Wanden  werden  die  Wellen  zurilckgeworfen,  wobei  nach  den  Versncben 
der  Brtlder  Weher  wahrend  des  Anprallens  die  Hohe  etwa  auf  das 
\,1  fache  wachst.')  Durch  Scheidewande^  die  nicht  bis  zur  Sohle  reichen, 
werden  die  Wellen  gespalten.^)  Addiert  man  die  Ausschlage  verschie- 
dener  Systeme,  so  entspricht  die  berechnete  Bewegung  zwar  noch  den 
Eontinoitatsbedingungen^  aber  nicht  mehr  Yollkommen  den  mechanischen 
Oesetzen.  Durchdringen  sich  die  Wellensysteme^  so  gehen  die  Wellen 
nach  der  Ereuznng  unverandert  weiter.  Auch  mit  Wirbeln  konnen  sich 
Wellen  nach  0.  Reynolds^)  in  der  Weise  verbinden,  daB  eine  Grenzflache 
den  wirbelnden  Teil  der  FIflssigkeit  vom  wogenden  scheidet. 

In  trichterformigen  Buchten  findet,  weil  das  gegen  die  Spitze 
schwingende  Wasser  infolge  der  abnehmenden  Breite  nach  oben  aus- 
weichen  muB^  eine  Yerstarkung  des  Seeganges  statt,  wahrend  eine 
Schwenkung  der  Kiistenlinie^)  bei  der  Tendenz  der  Wellen  tiber  an- 
steigenden  Gmnd  den  Eamm  parallel  zur  Ktlste  zu  richten,  eine  Aus- 
dehnnng  des  Wellenkammes  und  damit  eine  Schwachnng  des  Seeganges 
yerursachen  kann.  Eine  solche  findet  auch  im  Hafenbecken  statt,  in  die 
er  durch  eine  Ojffnung  eintritt.  Hierbei  erfolgt  eine  Beugung^  der 
Wogen.  Bedeutet  b  die  Offnungsweite,  so  bildet  in  der  Entfemung  y 
Yom  Eingang  die  Welle  einen  Bogen  vom  Halbmesser  y  (in  Metem) 
und  hat  dieser  Bogen  die  Lange  B,  so  betragt  nach  Th,  Stevenson^)  das 
Yerhaltnis  der  spateren  zur  urspriinglichen  WeUenh5he 

(226)  j/f  -  0,0269  (l  +  ]/ J)  W- 

Werden  Wellen  durch  eine  Mole  gebeugt  und  miBt  der  Ablenkungs- 
winkel  cfi,  so  veranlaBt  dies  eine  Abnahme  der  Wellenhohe  h^  auf  h^, 


1)  G,  V.  Bogu^lawski  n.  0.  Krwnmel,  Handb.  d.  Ozeanographie  2,  Stuttgart 
1887,  S.  62. 

2)  E.  H.  n.   W.  Weber,  WcUenlehre,  Leipzig  1826,  S.  216,  221. 

3)  £beiida,  S.  227. 

4)  Ebenda,  S.  236. 

6)  London  Royal  Inst.  Proc.  1893  =  0.  Reynolds  Papers  2,  Cambridge  1901, 
S.  683. 

6)  D.  2>.  Gaillard,  Wave  Action,  S.  66. 

7)  E,  H.  u.  W.  Weber,  Wellenlehre,  S.  246. 

8)  Design  and  Constmction  of  Harbours,  Edinburgh  1864,  S.  128;    3.  ed. 
1886,  S.  166.    Edinb.  Phil.  Joum.  64  (1858),  S.  878. 
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wobei  nach  einigen  Beobachtungen  yon  R  L.  Stevenson^),  falls  die  ge- 
beugten  Wellen  sicb  frei  ausdehnen^ 

(226a)  ]J|-=-l-0,06]/i^ 

sei.  Falls  jedocb  die  Wellen  nach  der  Beugung  an  der  nicht  yon  ibnen 
getroffenen  Molenseite  weiter  laufen^  gelte 

(226b)  |l«i_i^04>^. 

Eine  Welle  wird  auch  flacber^  wenn  sie  aus  seichtem  in  tiefes  Wasser 
tritt.*)  Endlich  kann  eine  FluBstromung  die  Wellen  zum  Brecben 
bringen  und  dadurch  die  binten  liegende  Flacbe  scbiitzen.') 

Lagert  eine  Fldssigkeit  auf  einer  anderen  kaum  dichteren,  so  yer- 
langt  ein  Andem  der  Grenzflache  wenig  Arbeit.  Deren  Wellen  konnen 
daher  die  der  Oberfiache  stark  tlbertreffen.  Dem  scbreibt  es  Ekman*')  zm, 
daB  in  einigen  norwegiscben  Fjordmiindungen,  wo  sicb  Siifiwasser  fiber 
Salzwasser  befindet,  die  Scbiffe  gelegentlicb  groBen  Widerstand  erfabren. 

107.  Das  Brandon  der  Wellen  nnd  deren  Stofikraft.  Yerscbiedene 
Ursacben,  yor  allem  starker  Wind,  konnen  bewirken^  daB  die  Berge  der 
Wellen  scbmaler  nnd  boher  werden^  bis  zum  Qberstflrzenden  Kamme. 
Man  sagt  dann^  dafi  die  Welle  brandet  oder  bricbt.  Fiir  die  Bauten  an 
der  Ktiste  ist  das  Brecben  der  Wellen  am  Strand  yon  wesentlicfaer  Be- 
dentung.  DieErscbeinung  beginnt  damit,  daB, wieVersuebe  yon  G.Hagen^) 
mit  rbytbmiscber  Bewegung  einer  geeigneten  Y orricbtung  dartaten^  bei 
geringer  Tiefe  ilbereinander  gelegene  Teilcben  infolge  der  Reibung  zwi- 
scben  den  Wasserscbicbten  merklicb  gleicbe  Gescbwindigkeit  annebmen 
(GrnndweUen^  gronnd-swell).  In  Yerbindung  mit  der  Reibung  an  der 
Soble  bewirkt  dies,  daB  nabe  an  der  EUste  die  Yorderflacbe  der  Welle 
sicb  steil  aufricbtet,  die  kreisende  Bewegung  der  Teilcben  in  eine  yor- 
scbreitende  dbergebt  imd  scblieBlicb  die  Welle  bricbt. 

Einscblagige  Yersucbe  in  Gerinnen  stellten,  wie  S.  175  erwabnt, 
J.  ScoU'BusseU  und  H,  Baein  an.  In  der  Natur  nabmen  Th,  Stevenson^) 


1)  Th.  Stevenson,  Design  and  Construction  of  Harbonis,  8.  ed.,  S.  163. 

2)  J.  SeoU'Etusdl,  Brit.  Ass.  Report,  7.  Meeting  held  at  Liverpool  1887, 
London  1888,  S.  461. 

8)  Th.  Stevenson,  Design  and  Conetraction  of  Harbours.  Edinb.  1864,  S.  61 ; 
d.  ed.,  S.  66. 

4)  Annalen  der  Hydrographie  82  (1904),  S.  662;  n&heres  siehe  Lamb-Friedei, 
8.  486,  481.    Siehe  auch  oben  S.  372:  Wellen  nach  v.  Helmholtz  nnd  Wien, 

6)  Handbnch  der  Wasserbaukanst  1,  8.  Teil,  Berlin  1868,  S.  66. 

6)  The  Theory  and  Practice  of  Hydromechanics,  Lectures  delivered  at  the 
Listitntion  of  Civil  Engineers,  London  1886,  S.  170.    Th.  Stevenson,  The  Design 
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und  namentlich  B.  D.  Gaillard  Messungen  vor,  nach  welchen  bei  Gegen- 
wind  oder  Windstille  die  Wellen  unter  Umstanden  erst  bei  einer  Tiefe  H 
nnter  dem  Ruhespiegel  brechen^  die  0,72  der  Wellenhohe  h  betragt, 
wahrend  bei  Wind  in  der  Wanderrichtung  der  Wellen  und  starker  ge- 
neigtem  Strand  das  genannte  Yerbaltnis  Hih  —  so  weit  die  Messungen 

_     ^ reichen  —  bis  auf  2,71  wachsen  kann.  Der 

'^    _..^r<_- 2\-^-^^   Scheitel  liegt,  wenn  die  WeUe  bricht,  etwa 

^^X^y^       H         _,-«-v9cv^  ^f^^  ^^^  0,85  A  liber  dem  RuhespiegeL   Die 
^^^^gj;^,K,3!Cf»w*''*'*'*^  ansttlrmende  Woge   macht   den  Eindruck, 

wasserreicher  als  die  riicklaufende  zu  sein. 
Das  kommt  zum  Teil  daher,  dafi  im  Achterteil  der  Woge  das  RtLck- 
fliefien  bereits  beginnt,  wahrend  der  Kopf  noch  vorschreitet.  Aber  auch 
ein  erhebliches  Versinken  von  Wasser  findet  nach  W.  H,  Wheeler  ^)  auf 
Eaesstrand  statt.  Hit  der  Brandung  ist  zugleich  eine  Rtlckstromung 
in  der  Tiefe  verbunden,  die  von  den  Strandbewohnem  der  Ostsee  der 
Sog  (undertow)  genannt  wird,  und  selbst  wieder  als  Gegenbewegung  das 
Branden  der  Wellen  fordert.  Der  Sog*)  veranlafit  vorzugsweise  die  Ge- 
fahr  beim  Baden  wahrend  eines  hohen  Seeganges,  indem  die  Fiifie  immer 
stark  seewarts  gezogen  werden.  Ein  steiles  Ufer  verursacht  zum  Teil 
ein  Brechen,  zum  Teil  ein  Zurdckwerfen  der  Welle,  so  daB  man  z.  B. 
in  einem  Beruhigungsbecken  (stilling  basin)  die  Einfassung  unter  1 : 3 
oder  noch  sanfter  boschen  soil'). 

Die  anstilrmeude  Welle  ist  tlbrigens  als  „EinzelweUe^'  aufzufassen, 
far  deren  SchneUigkeit  oben  die  Formel  ScoU-Russdh 


(88a)  (D  -  yg{H  +  h) 

gegeben  wurde,  in  der  H  die  ursprilngliche  Tiefe,  h  die  Scheitelerhebung 
liber  den  ursprtLaglichen  Spiegel  bedeutet.  Bricht  nach  (88  a)  eine  Welle 
uber  der  Tiefe  H=^h,  so  tut  sie  dies  bei  einer  SchneUigkeit  y2gh, 
die  sich  in  Geschwindigkeit  verwandelt.  Genauere  Messungen  liegen 
aber  nicht  vor;  man  weifi  nur,  dafi  die  Wellen,  die  aus  der  offenen  See 
kommen,  in  denselben  Zwischenzeiten  auf  den  Strand  auflaufen  und 
dafi  die  Scheitelentfemungen,  also  die  Wellenlangen,  sich  hierbei  ver- 
mindern. 

Den  dynamischen,  also  den  zum  statischen  Druck  hinzukommenden 
Stofidruck,  den  die  Brander  ausiiben,  wenn  sie  ein  Hindemis  treffen,  hat 


and  ConBtraction  of  Harbours,  3.  ed.,   Edinburgh  1866,   S.  78.     2>.  2).  Gaittard, 
Wave  Action,  S.  120,  172. 

1)  The  Sea-Coast  2,  impr.,  London  1903,  S.  37. 

2)  (t.  Hagen,  Handbuch  der  Wasserbauknnst,  3.  Teil,  1,  S.  87. 

3)  TK  Stevenson,  Design  and  Construction  of  Harbours,  8.  ed.,  S.  169. 
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Th.  Stevenson^)  gemessen.  Er  entsteht  dadurch^  dafi  die  Bahnen  der 
Wasserteilchen  eine  Ablenkung  erfahreii;  hangt  also  Yon  der  in  der  Zeit- 
einheit  abgelenkten  und  nicht  wie  beim  Stofi  fester  Eorper  von  der  ge- 
samten  stofienden  Masse  ab.  Zur  Drackaufaahme  yerwendete  Stevenson 
Scheiben  von  76  und  229  mm  Durchmesser,  aber  auf  den  Druck  auf 
die  Flacheneinheit  war  offenbar  nicht  die  Grofie  der  betreffenden  Scheibe, 
sondem  nnr  die  des  Gegenstandes  von  EinfluB,  an  den  sie  befestigt  war. 
Er  mafi  1843  und  1844  an  den  im  Westen  von  Schottland  im  atlanti- 
schen  Ozean  gelegenen  Klippen  von  Skerryvore  im  Sommer  durch- 
schnittlich  0,298,  im  Winter  darchschnittlicb  1,018  und  als  Maximum 
2,968  kg  cm~^  An  der  BeU-rock  genannten  Klippe  im  Osten  Schottlands 
in  der  Nordsee  war  das  Maximum  1,470,  an  der  schottischen  Nordsee- 
kQste  bei  Dunbar  3,826  und  an  der  schottischen  Nordkflste  bei  Buckie 
bei  mehrjahriger  Ablesung  3,279  kg  cm'.  Die  genannten  Zahlen  beziehen 
sich  auf  kleinere  flachen,  geben  also  an,  was  fQr  Wellenschlage  man 
bei  einzelnen  Mauerwerksteilen  gewartigen  mufi.  Im  Jahre  1858  be- 
festigte  Th.  Stevenson  seine  Vorrichtungen  im  Hafen  von  Dunbar  dber 
einem  2,1  bis  3,5  m  unter  Hochwasser  liegenden  Ghrund  an  eine  Mauer 
und  an  einzelstehende  Pf  able.  Wahrend  sich  bei  den  niedrigen  unge- 
brochenen  Wellen  von  1  bis  1,5  m  Hohe  der  Wellenschlag  an  der  Mauer 
8,27  mal  so  groS  wie  an  den  Pfahlen  zeigte,  auBerten  die  aus  2,1  bis 
3  m  hohen  Wellen  entstandenen  Brander  an  den  Mauerscheiben  nur 
einen  1,46  mal  so  starken  dynamischen  Druck  wie  an  den  Pfahlscheiben. 
Starker  war  der  Wellenschlag  an  einer  SteUe,  wo  zwei  Mauem  zusammen- 
stieBen.  Th.  Stevenson  untersuchte  auch,  wie  sich  der  Druck  mit  der 
Hohe  andert  und  erhielt  die  beistehend  an- 
gedeutete  Verteilungslinie,  die  zwar  eines 
Fehlers   in   den  Vorrichtungen  wegen  nur 

angenahert  gilt,  aber  iminerhinzeigt,daB  der  '  ^^  ^  ^"""'- 
Wellenschlag  in  Hochwasserhohe  am  heftig- 
stenist.  AnderdeutschenNordseekiistekann  ^^^^^^'^^^^^''''''''^^^ 
nach  L.Franzii4s  und  C.  Schilling^)  1,5  kg  cm"*  und  an  der  OstseekQste 
1  kg  cm"  *  als  groBter  Druck  gelten.  An  der  OzeankiisteFrankreichs  wurde 
nie  mehr  als  2kg  cm~*  beobachtet,  und  halt  sich  der  groBte  StoBdruck  an 
den  am  meisten  ausgesetzten  Stellen  im  allgemeinen  zwischen  1,5  und 
l,8kgcm~^ 

1)  Edinburgh  Boy.  Soc.  Trans.  16  (1849),  S.  23. 

2)  Handbuch  d.  IngenieurwissenBchaften  3,  Wasserban,  3.  Abt.,  3.  Anfl., 
Leipzig  1901,  S.  22.  Foitques-Duparc,  den  Hagen  den  eigentlichen  Erfinder  des 
nenen  Hafenbanes  nennt,  hat  nach  ihm,  Handb.  d.  Wasserbaukxmst,  8.  Teil,  2. 6d., 
8.  299,  301,  bei  einem  1829  fQr  Cherbourg  vorgelegten  Entwurf  den  Wellenstofi 
nnr  auf  3000  bis  4000kgm-*  »  0,3  bis  0,4  kg  cm"'  gesch&tzt. 
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In  der  North- Beach,  Florida,  hat  D.  D.  GaiTlard^)  Messongen  zur 
Auf  klarting  des  Zusammenhanges  zwischen  Wellengrofie  und  Stofidruck 
vorgenommen.  Die  Strandlinie  ist  daselbst  gerade,  der  Strand  eben  und 
die  Druck messer  wurden  an  20  cm  im  Oeriert  starken,  nach  hinten  rer- 
strebten  Saulen  so  angebracht,  dafi  sie  den  yollen  Wellenschlag  erhielten. 
Wird  der  zur  statischen  Pressung  hinzukommende  Stofidruck  auf  die 
Flacheneinheit 

(227)  P-^Vrg 

gesetzt,  worin  y  das  Eigengewicht  des  Seewassers  (1032  kg  m"^  und  u 
die  Wassergeschwindigkeit  bedeutet,  so  folgt  der  Eoeffizient 

2^p 


(227  a) 


t- 


yu* 


OaiUa/rd  ist  der  Ansicht,  dafi  u  »  gleich  der  Summe  aus  der  Wellen- 
schnelligkeit  co  und  der  Umlaufgeschwindigkeit  u^  der  Oberflachenteil- 
chen  sei,  setzt  also  gemafi  (222)  und  (222  a) 


(227  b) 


u 


(O 


+«.-l/f +/¥. 


worin  a  und  i  die  Halbachsen  der  Oberflachenbahn,  2 1  die  WeUenlange 
bezeichnety  und  erhalt  so  nachstehende  Tabelle,  zu  der  er  bemerkt,  dafi 
es  nicht  ausgeschlossen  ist,  dafi  9  ausnahmsweise  den  Wert  2  erreicht, 
den  es  aber  nach  den  Gesetzen  des  Stofies')  nie  tlberschreiten  kann. 


i          AbmesBungen 

Gemessene 

Siofidnick- 

der  grOBfcen  Welle 

Schnelligkeit 

09 

(berechnet) 

mazimaiu 
P 

Eoeffizient 

HOhe  2  a 

Lange  22 

m 

m 

m  see"* 

m  sec""* 

kgcm  ' 

0,61 

14,0 

2,66 

0,88 

0,072 

1,16 

0,76 

18,3 

1,87 

0,98 

0,112 

1,46 

0,91 

22,9 

3,57 

1,13 

0,167 

1,86 

1,22 

26,0 

8,72 

1,24 

0,198 

1,63 

1,52 

36,6 

4,63 

1,62 

0,228 

1,11 

1,88 

46,7 

6,65 

1,89 

0,825 

1,12 

Die  zerstorende  Arbeit ,  die  ein  Brander  verrichten  kann^  bewertet 
L.  d'Awria^)  wie  folgt.  Er  bemerkt,  dafi  ein  Brander  Yon  der  Hohe  hy 


\x 


der  Lange  21  und  der  Breite  Eins  bei  einer  Ge- 

.yM.M^^^M^.J^fXX^.    schwindigkeit  u  (die  ungef ahr  -  der  Schnellig- 

21 J  keit  CO   der  Wellen  ist)   die   lebendige  Kraft 


1)  Wave  Action,  S.  176,  192;  ebenda  S.  146  f.  Stevenson%  Messongen. 

2)  Siehe  xrnten  S.  386,  887. 

3)  Joum.  of  the  Franklin-lnstitnte  (8)  180  (1890),  S.  378;  (3)  IS  (1891),  S.49. 
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yhlu^:  2g  besitzt.  Da  nun  der  Anlauf  wahrend  der  Zeit  21 :  u  erfolgt^ 
mflsse  bei  einem  mittleren  Widerstande  ^p  nach  dem  Impulssatze,  wenn 
wahrend  der  Anlau&eit  die  ganze  Oeschwindigkeit  yerbrancht  wird, 

Y  —  =■  Masse  mal  Oeschwindigkeit  —  —  •  m 
oder  ,    , 

sein.  Den  grofiten  Widerstand  k5nne  man  etwa  doppelt  so  hoch^  also  zu 

(228)  p  -  '^f 

Bchatzen.  Dieser  verteile  sich^  wenn  er  von  einer  lotrechten  Mauer  ge- 
boten  wird,  anf  eine  Hohe  h  und  so  ergibt  sich  die  grofite  Pressung  auf 
die  Flacheneinheit  eines  Wellenbrechers  zu 

(228a)  -?^-. 

Diese  Erwagung  stimmt  in  ihrem  Ergebnis  mit  der  Betrachtung 
GaiUarda  therein  und  betrifft  so  wie  letztere  nur  die  StoBarbeit,  zu 
welcher  noch  die  geringe  Wirkung  des  statischen  Druckes  hinzutreten 
kann.  Sie  zeigt^  dafi  bedeutende  Lasten  vom  Wasser  yerschoben  und 
dabei  noch  gehoben  werden  konnen;  denn  bei  einer  Geschwindigkeit  u 
kann  die  Wassermasse  eine  Hohe  u* :  2g  bergauf  laufen,  also  z.  B.  bei  10 
bzw.  14  m  sec"^  Geschwindigkeit  5  bzw.  10  m  emporstiirnien.  Schnellig- 
keiten  yon  10  und  selbst  14  m  sec  ^  sind  aber  schon  beobachtet  worden  ^). 

Es  ist  also  erklarlich^  dafi  gewaltige  zerstorende  Wirkungen  bran- 
dender  Wellen  bekannt  sind.  So  ist  z.  B.  in')  Cherbourg  ein  Betonblock 
yon  40  m'  Inhalt  4  m  in  wagrechter  Richtung  und  4  m  aufwarts  yer- 
schoben worden.  In  Cette  wurde  ein  Betonblock  yon  70  m'  mit  nur 
7,5  m'  dem  Wellenstofi  zugekehrter  Flache  1  m  weit  eine  flache  Boschung 
hinaufgetrieben.  Auf  einer  der  Shetland-Inseln  wurde  ein  fast  8 1  schwerer 
Block  fiber  mehrere  Stufen  22  m  weit  bis  zu  6,1  m  uber  das  Hochwasser 
der  Springtiden  getrieben.  Es  ist  in  den  meisten  Fallen  schwierig,  aus 
den  Zerstorungen  einen  Schlufi  auf  die  ausgeiibte  Eraffc  zu  ziehen,  da 
einerseits  in  einer  entstandenen  LUcke  der  Angriff  sich  wie  in  einer 
trichterformigen  Bucht  steigem  kann  und  andererseits  ein  Bauteil  durch 


1)  Siehe  oben  die  Tabelle  S.  877. 

2)  Handb.  d.  Ingenieurwissenscbaften  3,  Wasserbau,  3.  Abt.,  8.  Aafl.,  1901, 
8.21;  D.D.OaiUard,  Wa^e-action,  S.  126;  G.  Hagen,  Handbuch  der  Wasaerbau- 
ktmst,  8.  Teil,  1,  S.  98.  —  Seltener  schadet  das  Wasser  durch  Saugen.  Doch 
wurde  z.  B.  im  Eddystone-Leuchtturm  nach  /.  Walker,  Min.  Proc.  Inst.  Ciy.  Eng.^ 
Bd.  1,  Session  1841,  S.  116,  einmai  eine  Tur  unter  Bruch  ihrer  starken  Riegel 
und  Angeln  nach  aufien  aufgerissen. 
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die  Nachbarteile  UnterstiitzuDg  erfahrt^  auch  die  Festigkeiten  schwer 
feststellbar  sind.  Bei  einer  auf  einer  langen  Strecke  verscliobenen 
Brustmauer  eines  Wellenbrechers  in  Genua  berechnet  0.  Bemardini^) 
1,5  kg  cm~ '  mittleren  Druck,  der  dadurch  entstand,  dafi  die  Wellen  eine 
45gradige  SchUttungsboschnng  hinauf liefen ;  dem  babe  es  entsprochen, 
dafi  das  Wasser  etwa  20  m  fiber  mittlerem  Meeresspiegel  hinaufgeschlen- 
dert  wnrde.  Die  grofiten  senkrecbten  Erbebungen  sind  an  isoliert  liegen- 
den,  auf  geneigten  Elippen  erbauten  Leuchttiirmen,  sowie  an  steilen 
Felswanden,  vorztiglicb  solchen,  Tor  denen  unter  Wasser  eine  Boscbung 
Yorhanden  ist,  beobacbtet  worden,  so  z.  B.  schlug  die  Brandong  am 
Leucbtturm  zu  Bellrock  bis  zu  32  m,  an  der  Mole  zu  Cherbourg  bis 
zu  36  ni;  ja  an  dem  den  Wogen  des  Atlantiscben  Ozeans  besonders  aus- 
gesetzten  Leucbtturm  von  Eddystone^)  bis  zu  50  m  Hohe  hinauf.  Im 
Jahre  1859  wurde  von  dem  auf  Bishop-Rock  (SciUy-Inseln)  stehenden 
Leucbtturm  eine  150  kg  schwere,  an  einem  Balken  hangende  Glocke  in 
einer  Hohe  von  uber  30  m  heruntergestofien.  An  der  dahinterliegenden 
Kiiste  vpn  Cornwall  sind  in  90  m,  an  der  norwegischen  Kiiste  bei  Was- 
bergen  sogar  in  120  m  Hohe  noch  zusammenhangende  Wassermassen 
durch  den  Sturm  hinaufgeschleudert  worden. 

XIV.  Ber  WasserstoB. 

Der  Stofi  einer  Fliissigkeit  gegen  einen  festen  Eorper  ist  von  dem 
gegenseitigen  Stofi  zweier  fester  Eorper  grundsatzlich  yerschieden^  weil 
bei  ersterem  nach  Eintritt  des  Beharrungszustandes  der  feste  Eorper 
fortdauemden  Druck  erleidet^  wahrend  bei  letzterem  der  Vorgang  sich 
rasch  abspielt^  also  bald  Entlastung  erfolgt.  Dabei  kann  es  sich  um  den 
Druck  eines  Strahles  handeln^  dessen  Querschnitt  kleiner  als  der  des 
gestofienen  Eorpers  ist^  oder  um  den  eines  Strom  es,  der  den  Eorper  all- 
seitig  umgibt  und  in  enger  Beziehung  zum  Widerstande  steht^  der  bei 
Bewegung  des  Eorpers  in  einer  Fliissigkeit  zu  liberwinden  ist.  Man  hat 
daher  den  Strahldruck  Yom  Stromungsdruck  und  yom  Bewegungswider- 
stand  zu  unterscheiden.  Ersterer  spielt  im  Bau  hydraulischer  Motoren, 
letztere  spielen  im  Schiffbau  —  ja,  soweit  es  sich  um  Yorgange  in  der 
Luft  statt  im  Wasser  handelt  —  in  der  Luftschiffabrt,  der  Flugtechnik 
und  der  Ballistik  sowie  als  Winddruck  auf  Bauwerke  eine  wichtige  RoUe. 
Da  die  genannten  Gebiete  ihre  eigene  selbstandige  und  grofie  Literatur 

1)  Giomale  del  Genio  civile  89  (1901),  S.  676.  Ober  Angriff  und  ZeratO- 
xnngen  siehe  femer:  Intemat.  stSjidig.  Yerband  der  Schiffahrts-CongreBse,  10.  Con- 
grefi  —  Mailand  —  1906;  2.  Abt.,  4.  Frage;  H.  M6nch  u.  P.  Hedde  im  Handb. 
d.  Ingenieurwissenscb.,  8.  Wasseibau,  4.  Aufl.^  11.  Bd.  H&fen,  1912,  S.  889. 

2)  Sadlich  von  Plymouth. 
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besitzeii;  sei  hier  der  Wasserstofi  nur  insofern  behandelt,  als  ihm  auch 
aufierhalb  jener  Gebiete  Bedeutung  zukommt. 

108.  Strahldruok  bei  senkreohter  StrahMohtung.  Die  ersten  Yer- 
sucbe  iiber  den  Wasserstofi  warden  unter  Gutheifiung  der  Pariser  Aka- 
demie  1679  yorgenommen  und  schienen  zu  beweisen^  dafi  der  Strahlstofi 
immer  dem  Gewichte  des  Wasserzylinders  gleich  sei,  der  die  Ausstro- 
mungsoffnung  des  Strahles  zur  Basis  hat  und  bis  zum  Spiegel  reicht. 
Obwohl  dies  nur  angenahert  bei  Ausflufi  des  Strahles  aus  dOnnerWand 
and  keineswegs  bei  Austritt  aus  abgerundeter  Offnung  zutrifft,  blieben 
die  yielen  spateren  Beobachter  zunachst  bei  der  nun  einmal  vorgefafiten 
Meinung.  I,  Newton^) y  der  erste,  der  eine  theoretische  Ableitung  des 
Strahldruckes  untemahm,  setzte  das  doppelte  Gewicht  an  Stelle  des  ein- 
fachen,  was  aber  auch  nicht  richtig  war,  und  erst  Daniel  BemotUU*)^ 
der  auf  ihn  folgte,  fand  durch  Einfiihrung  der  Bewegungsgrofie  die  Lo- 
sung  der  Frage  und  ist  dadurch  grundlegend  geblieben. 

Bei  dem  geraden  Stofi,  das  heifit  bei  einer  zur  getroffenen  Flache 
senkrechten  Strahlachse,  und  bei  gentigend  grofier  ebener  Ausdehnung 
dieser  Flache  mQssen  die  Wasserteilchen  ihre  Beweguug 
allmahlich  um  einen  rechten  Winkel  andem,  bis  die  ge- 
samte  Bewegungsgrofie  in  der  Strahlrichtung  durch  den 
Gegendruck  der  getroffenen  Platte  aufgehoben  wird.  In 
der  Zeiteinheit  betragt  bei  einer  Ausflufimenge  Q  die  aus- 

stromende  Masse  —  und  ihre  Bewegungsgrofie,  wenn  die  urspriingliche 

Geschwindigkeit  mit  v  bezeichnet  wird,  —  v,  so  dafi  fiir  den  Gegen- 
druck P  der  getroffenen  Platte  sofort 

<229)  P  «  X  g^  «  ^yF-f-  -  2yFh 

mf  if 

folgt,  worin  F  den  Strahlquerschnitt,  h  die  Geschwindigkeitshohe  be- 
zeichnet. Der  gerade  Wasserstofi  gegen  eine  ebene  Flache  ist  also  gleich 
dem  Gewichte  dn&r  Wassersdule,  die  den  StroMquerschniU  zur  Grund- 
fldche  und  die  doppelte  Geschtmndigkeitshohe  zwr  Hohe  hat.  Wenn  man 
von  der  Wirkung  der  Reibung  absieht,  mufi  iibrigens  nach  dem  Ber- 
ftouUiBchen  Theorem  die  absolute  Geschwindigkeit  der  ankommenden 
Teilchen  gleich  der  abfliefienden  sein,  weil  beide  unter  demselben  Druck 
stehen.   Dabei  ist  allerdings  Torausgesetzt,  dafi  ebenso  wie  im  Inneren 

1)  Philosophiae  naturalis  piincipia  mathematica  1687,  Propos.  86  Probl.  8 
Corrol.  2. 

2)  Petersburg,  Commentarii  academiae  scientiaram  imperialiB  Petropolitanae 
t.  8  ad  aDnum  1736  (erach.  1741),  S.  113  u.  f. 

FoTohheimer:  Hydraullk  25 
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des  ankommenden  Strahles  im  Inneren  der  abfliefienden  Wasserscheibe 
kein  hoherer  Dmck  als  der  aufiere  atmospharische  herrsche;  was  nichi 
genau  zutreffen  dUrfbe.  Anch  ist  angenommen,  dafi  die'Hohenlage  der 
Teilchen  sich  nicht  wesentlich  andert. 

Ist  die  Platte  rand  und  klein  and  liegt  ihr  Mittelpunkt  in  der  Strahl- 
achse,  so  dafi  alle  Wasserteilchen  unter  demselben  Winkel  fi  mit  der 
Strahlachse  abstromen,  so  yerbleibt  von  jeder  Geschwindigkeit  t;^;  wenn 

die  Abflufigescbwindigkeit  v^  betragt,  in  der  nrsprung- 
lichen  Ricbtang  eine  solche  v^  cos  ft,  wonach  nanmehr 

(230)  P  =  -J  <?(»!-  f,  cos  /3) 

gilt.  Da  aber  wie  frOher  v^  ~  Vj  sein  muB,  folgt  oboe  weiteres 


(230a) 


P=^QV0— COB  p). 


Aach  die  tTberlegang,  die  zu  (230a)  fiihrte,  riihrt  Ton  D. Bernoulli^)  her. 

Die  Gleichung  (230a)  lafit  sich  auch  auf  den  Fall  ausdehnen,  dafi 

man  das  Wasser  anf  eine  konvexe  Umdrehangsflache  stofien  lafit^  die 

es  unter  einem  Winkel  /)  mit  der  Strahlachse  ableitet.    Macht  man 


p  »  180  —  fii  zu  einem  stumpfen  Winkel,  indem  man  die  Hohlseite  einer 
Schale  oder  eine  Platte  mit  einem  erhohten  Leisten  (rebord,  border) 
versieht;  so  kann  man  61.  (230  a)  mit 


(231) 


Qv(l  +  cosfi^) 


TertauBchen,  in  der  /3,  wieder  einen  spitzen  Winkel  bezeicbnet  FQr  Tollige 
Strablumkebr  oder  /3j  —  0  gebt  bierauB  als  Maximum  des  Wasserstofiea 


(231a) 


P-i=«. 


hervor,  wie  schon  L,  Eider  bemerkt  hat*). 

Versache  von  Ch.  Bossut%  G,  T,  MichehUi  (dem  Sohn)*),  S.  Vince^), 


1)  Ebenda  S.  109,  124. 

2)  Euhlmann,  Hydromechanik,  S.  576  zitiert  tTbenetzang  Ton  JRabins  ^Gmiid- 
sfttze  der  Artillerie^^  1745,  Anmerknngen  8.  451,  458. 

3)  Hydrodynamique,  Paris  1772,  t.  2,  Nr.  856. 

4)  Hydranlifiche  VerBuche,  deutsch  yon  Eyieltcein,  Anhang  S.  251. 

5)  Philosophical  transactions  1798,  part.  I,  S.  8.  Experiments  upon  resistance 
of  bodies  moving  in  floids. 
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K,  Ch.  Langsdorf^),  G,  Morosi^)  und  G,  Bidone^),  welch  leizterer  mit 
Geschwindigkeiten  von  mindestens  8,7  m  an  Messingplatten  von  5^4  bis 
24,3  cm  Dnrchmesser  mafi,  haben  so  ziemlich  denselben  Druck  wie  (229) 
ergeben,  wenn  die  Plattenfiache  mindestens  6mal  so  groB  wie  der  Strahl- 
qnerschnitt  war  und  wenn  die  Platte  mindestens  um  die  doppelte  Strabl- 
dicke  von  der  AusfluBoffiinng  abstand.  War  die  gestoBene  Flache  der 
Miindung  ganz  nahe,  so  sank  bei  Bidone  P  auf  1,5  yFhj  und  besafi  die 
Platte  nur  den  Strahlquerschnitt  als  Flache,  so  wurde  das  Wasser  in 
spitzem  Winkel  abgelenkt  und  sank  P  sogar  auf  nur  yFh,  Ferner  fanden 
Bidone  und  andere,  daB  der  Stofi  im  ersten  Augenblicke  beinahe  noch 
einmal  so  groB  wie  spater  bei  andauemder  Stromung  ist.  Nach  den  6e- 
nannten  stellte  J.  Weisbach  genaue  Messungen  an,  bei  denen  allerdings 
die  AusfluBoffhungen,  aus  denen  der  Strahl  trat,  nur  1  bis  1,5  cm  Dmr. 
hatten.  Weisbach  wendete  sowohl  eine  ebene  Platte  von  10  cm  Dmr., 
als  auch  eine  nach  einem  Umdrehungshyperboloid  geformte  Schale  von 
ebensolchem  Dnrchmesser  an,  deren  Endtangenten  einen  Winkel  /3^  von 
46^  mit  der  Achse  einschlossen.  Er  fand  ftlr  die  ebene  Platte  mit 
h  -  0,55  bis  1  m  den  StoBdruck  im  Mittel  0,96  des  P  der  Formel  (229). 
Bedeutender  war  die  Abweichung  des  gemessenen  Druckes  P^  bei  der 
Hohlschale  vom  P  der  Formel  (231),  so  daB  sie  nicht  von  einer  unrich- 
tigen  Schatzung  des  AusfluBkoeffizienten  oder  Messungsfehlem  hernihren 
konnte,  sondem  zeigte,  dafi  die  AbfluBgeschwindigkeit  t;,  infolge  der 
Reibung  wesentlich  kleiner  als  die  Ankunftsgeschwindigkeit  war.  Das 
Ergebnis  der  Versuche  Weisbacha  faBt  F,  Grashof*')  wie  folgt  zusammen, 
wobei  er  unter  D :  d  das  Yerhaltnis  des  Durchmessers  der  gestoBenen 
Flache  zu  dem  des  Strahlenquerschnittes  versteht: 


r" 


Aasflufi  darch 


Bid 


^g 


p 


V, 


Ofinung  in  dinner  Wand 
Ofinung  in  dinner  Wand 
konoidiflches  Mundstiick. 


•       • 


12,6 
9 
10 


m 

8,66 
7,24 
1,91 


0,824 

0,881 


0,674 
0,837 


0,899     I     0,861 


L" 


Bemerkt  werde  noch,  daB,  wie  bei  einer  konkaven  Flache  die  Verzoge- 


1)  Lehrbnch  der  Hjdranlik,  Altenbnrg  1794,  S.  189. 

2)  Mailand,  Memorie  dell'  Imp.  B.  Istitnto  del  Regno  Lombardo-Veneto  1^ 
anni  1812  e  1818,  ersch.  1819. 

3)  Torin,  Memorie  11  (1888),  S.  180. 

4)  Z.  d.  y.  deutsch.  Ing.  7  (1863),  S.  242  und  Theoretische  Mascbinenlehre 
1,  S.  874.  Dafi  ein  plGtziicber  Strabl  nicbt  stS^rker  als  ein  fortdanemder  drflckt: 
D.  D.  GaiOard,  Wave  Action,  S.  188. 
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rung  des  Ausflusses  durch  die  Beibung  den  StoBdruck  yermindert,  sie 
ihn  bei  konyexer  gestofiener  Flache  erhoht. 

Mit  Yersuchen  bei  Strahlumkehr  befaBte  sich  G.  Morosi.  Bei  Ans- 
tritt  des  Strahles  aus  einer  konvergenten  Ddse  von  2,7  cm  Weite,  einem 

Mtlndungsabstand  der  gestofienen  Ebene  Ton  etwa  3mal 
dem  kleinsten  Strahldurcbmesser  und  einer  gestofienen 
Flache  von  tiber  8mal  dem  Strahlquerschnitt  fand  Mo- 
rosi, dafi  der  Stofi  mebr  als  doppelt  so  grofi  als  f ruber  wurde,  wenn  er 
den  Umfang  der  gestofienen  quadratischen  Platte  mit  einem  Leisten  von 

mindestens  13^6  mm  Hohe  yersah,  durcb  den  das  Wasser 
genau  entgegengesetzt  zur  Ankunftsrichtung  abflofi. 
Nocb  mebr  steigerte  sicb  der  Druck^)  bei  zweimaliger 
Strablumkebr  und  zwar  verbielt  sicb  der  Druck  auf  die 
ebene  Platte,  zu  dem  auf  die  eingefafite  und  zu  dem  auf 
die  Platte  mit  doppelten  Leisten  wie  1  :  1,8  :  3,32. 

109.  Strahldraok  bei  sohiefer  Strahlrichtxing.  Den  scbiefen  Wasser- 
stofi  berecbneten  die  alteren  Hydrauliker  derart,  dafi  sie  in  Anlebnung  an 
die  Stofigesetze  fester  Korper  die  grofite  Kraft  P^,  die  der  Strabl  aufiem 
konnte,  in  den  senkrecbt  zur  Platte  wirkenden  Normalstofi  N  und  eine 

zur  Platte  parallele  und  daber  unwirksame  Teil- 
krafk  zerlegten.  Mit  a  als  Winkel  zwiscben  Strabl- 
acbse  und  Platte  gilt  dann 


(232) 


N^  P.  sin  a  =  —  Ov  sin  a 

^  g  ^ 


und  fiir  die  zur  Strablricbtung  parallele  Eomponente  von  N  oder  den 
sogenannten  ParaUelstofi 


(233) 


P  —  3/"  sin  a  =«  —  Ot?  sin*  a . 

9  ^ 


Die  Beziebung  ^"-  P^  sin  a  bezeicbnet  scbon  D.  Bernoulli^)  als  die  ge- 
wSbnlicbe.  Abweicbend  bierron  finden  zwar  durcb  ziemlicb  willkUr- 
licbe  t^berlegungen 


(233  a) 


2  sin'  a 


Duchemin^)        N  ^  —  Qv  t— i — ^-=— , 


1)  Mailand,  Memoiie  dell'  I.  R.  Istitnto  1  =  1812  u.  1818,  S.  809. 

2)  Petenbnrg,  Commentari,  t.  8,  S.  126. 

3)  Becherches  ezp^rimentales  sur  lea  lois  de  la  resistance  des  fiuides,  1842 
==  Memorial  de  rartillerie  Nr.  5  »>  Expeximental-Untersuchungen  fiber  die  Ge- 
seize  des  Widerstandes  der  Fliissigkeiten ,  dentsch  von  Sthnuse,  Biaanschweig 
1844,  §  62  usw. 
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[  Weisbach^)         P^^Qv  ^4^-,- , 
(233  a)  ^  ^ 

[Broch^  p^^Qv{^^a)tga, 

aber  die  Galtigkeit  yon  (232)  und  (233)  steht  trotzdem  fest*).  R  WiUen- 
baner*')  beweist  sie  z.  B.,  indem  er  den  Schwerpunkt  der  Teilchen  be- 
trachtety  die  urspriinglich  ein  Strahlelement  bildeten.  Da  diese  Teilchen 
spater  sich  zu  einem  (ubrigens  nngleichmaBig  dicken)  Ring  zusammen- 
setzen,  der  sich  auf  der  Platte  liegend  ausdehnt,  so  bewegt  sich  ihr  ge- 
meinschaftlicher  Schwerpunkt  erst  im  Strahl^  spater 
parallel  zur  Platte.  Versteht  man  nnter  v  die  Strahl- 
geschwindigkeit;  also  die  Anfangsgeschwindigkeit  des  ^^—*' 
Schwerponktes,  nnter  v^  dessen  Endgeschwindigkeit 
und  unter  a  den  Winkel  zwischen  Strahlachse  nnd 
Platte^  BO  gilty  weil  man  sich  die  Massen  im  Schwerpunkt  vereinigt 
denken  kann^  nach  dem  Impulssatz  fur  den  ParaUelstofi  zunachst 

(234)  P  -  -^  ^(t;  -  v,  cos  a) . 

Zugleich  aber  mufi,  da  in  der  Plattenrichtung  keine  aufiere  Kraft  auf 
die  stromende  Flussigkeit  wirkt,  nach  dem  Prinzipe  der  Bewegung  des 
Schwerpunktes 

(234a)  -^  ^(t;,—  v  cos  a)  «  0 

if 

oder 


v,  =»  t?  cos  a 


sein^  woraus  in  Yerbindung  mit  01.  (234)  sofort  der  zu  beweisende 
Ausdruck 

(235)  P^^Qvsin^a 

hervorgeht. 

Um  die  Yerteilung  des  Abflusses  fiber  die  Platte  zu  ermitteln,  werde 
beachtet,  daB  jedes  Teilchen  von  seiner  Anfangsgeschwindigkeit  v  in- 
folge  des  Plattenwiderstandes  in  der  Richtung  der  Neigungslinie  der 
Plattenebene  nur  v  cos  a  behalt.  Zu  dieser  Geschwindigkeit  t;  cos  cc  tritt 
aber  noch  als  Folge  des  im  Kern  der  Wassermasse  herrschenden  Druckes 
eine  Radialgeschwindigkeit  v^  hinzu.  Wird  nun  vom  Punkte  0,  in  wel- 
chem  die  Strahlachse  die  Platte  trifft,  ein  Kreis  beschrieben,  dessen 

1)  Lehrbuch  1,  Braunschw   1846,  S.  525. 

2)  0.  J.  Brock,  Lehrbnch  der  Mecbanik,  Berlin  1849. 

8)  Nach  B.  de  Saint-Venant,  Paris,  M^moires  de  TAcad^mie  (2)  44  (1888), 
S.  28  gab  erst  B,  Clapeyron  einen  richtigen  Beweis  in  Ann.  des  mines  1883. 
4)  Zeitscb.  Matb.  Pbys.  46  (1901),  S.  182. 
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Halbmesser  q  so  grofi  ist,  dafi  alle  auf  den  Ereis  befindlichen  Teilchen 
sich  bereits  nahezu  parallel  zur  Platte  bewegen^  so  mufi^  wenn  man  Ton 
der  Wirkung  der  Reibung  absieht^  nach  dem  BemouUtBciieii  Theorem 
die  Abflufigeschwindigkeit  r,  aller  Teilchen  daselbst  gleich  der  urspriLng- 
lichen  Geschwindigkeit  v  sein. 

Man  kann  auch  annehmen,  dafi,  weil  q  grofi  im  Yergleich  zur  Strahl- 
dicke  ist^  die  Teilchen  den  betrachteten  Ereis  in  geraden  Linien  durch- 
queren,  die  yom  Punkt  0  ansgehen.  Wenn  nun  der  Winkel,  den  eine 
Neiou  u  '  solche  Gerade  mit  der  Neigungslinie  der  Platten- 
"      ^  ebene  einschliefit,  mit  q>  bezeichnet  wird,  gilt, 

wie   die   Zusammensetzung  der  Geschwindig- 
keiten  v^  und  v  cos  a  zn  v  lehrt, 

(236)    t?/  «  v'  +  t?*  cos*  a  —  2t;*  cos  a  cos  tp 
—  v^(l  +  cos*  a  —  2  cos  a  cos  g>). 

Da  nun  ein  und  derselbe  Druck  aUe  Geschwindigkeiten  erzeugt,  miissen 
die  Massen,  welchen  er  in  der  Zeiteinheit  die  Geschwindigkeiten  v^  er- 
teilt,  den  v^  verkehrt  proportional  sein.  Es  sind  dieselben  Massen,  welche 
unter  der  Mitwirknng  der  Geschwindigkeiten  v  cos  a  unter  den  Win- 
keln  9  mit  der  Neigungslinie  den  Ereis  durchqueren.  Es  gilt  daher, 
wenn  d  die  mit  <p  wechselnde  Dicke  der  Wasserschicht  im  Ejreis  und  k 
eine  Eonstante  bezeichnet,  dv^'^k:  v^  oder 

(236a)  *  =  A 


t;^*        r*(l  +  COB*  a  —  2  cob  a  cos  qp) 

Es  mufi  femer  wegen  der  Gleichheit  von  Zuflufi  und  Abflufi 


n  n 

(236b)  Q^Jgdvdq>~'^J\ 


dtp 


-j-  COS*  a  —  2  COB  a  cos  qp 
—  n  —71 

sein.  Die  allgemeine  Losung  des'Integrales  lautet 

(236  c)  ^^,~  arc  tang  [cotang*  ^  tang  |-] , 

wie  man  sich  durch  Differenzieren  iiberzeugen  kann,  indem  man  dabei 

1        1  +  COB  a  ^       *    2 


sin* a    1  —  cos  a   ^    ,    /l  +  coBa\* 


+  fl±^««)  tang«-?^ 
^\1  — cosa/         *     2 


.  qp     .  X.   .   •  <P  l  +  coa'a  —  2  cob  a  cos  op 

(1— C0Ba)»C08'-^  +  (1  +  C08a)*8m»  ;-  ^ 

2  ^ 
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«rhalt.  Durch  EinfQhrang  der  Grenzen  bekommt  man  also 
(237)  Q^^^  -4-  arctang  oo  «  -^^ 

^        ^  ^  V    sin*  a  ®  V8in*a 

oder 

und  als  Wasserschichtdicke  in  der  Entfemung  q  Yom  Treffpankte  0  des 
Strahles^) 

Q  sin' a 


<238) 


2nQV  l-\-  cos' a  —  2  cos  a  cos  9 


Mit  8  als  Funktion  Ton  (p  ist  bei  der  allgemeinen  Gleichheit  yon  v^  und  v 
die  AbfluBweise  nunmehr  bekannt. 

110.  Strahldruok  bei  behindertem  AbfluA^).  Da  mit  der  GL  (238) 
rings  im  Umkreis  die  wechselnde  Wasserschichtdicke  d,  sowie  die  un- 
yeranderliche  Geschwindigkeit  v  bekannt  sind,  kann  man  auch  den 
Wasserstofi  berechnen^  falls  die  Platte  mit  einem  Leisten  yersehen  ist^ 
der  den  AbfluB  auf  einem  Teil  der  Platte  behindert.  Wahrend  die  Ge- 
schwindigkeit t;^  des  gemeinschaftlichen  Schwerpunktes  jener  Teilchen^ 
die  nrsprdnglich  ein  Strahlelement  bildeten^  bisher  in  die  Neigangslinie 
der  Platte  fiel,  wird  ihre  Richtong  jetzt  durch  das  Hindemis  N^N^  be- 
einflufit  und  ist  fUr  die  Berechnung  des  Parallelstofies  nur  mehr  jener 
Teil  v^i  yon  v^  maBgebend,  der  jetzt  noch  in  die  Neigungslinie  fallt. 
GL  (234)  yerwandelt  sich  dadurch  in 

(239)  P  -  -^  g  (t?  -  i;,i  cos  a) . 

Um  Vg^  zu  finden,  bemerke  man^  daB  die  im  Sektor  dg)  in  der  Zeiteinheit 
«bflieBende  Menge 

-gdfp  '  d  *  V 

in  N  (Figur  S.  392)  an  die  Begrenzung  stoBt  und  daselbst  einen  Gegen- 
druck  dN  heryorruft,  der,  wenn  der  Winkel  unter  dem  ON  die  Leisten- 
knrye  in  N  schneidet,  mit  X  bezeichnet  wird,  die  GroBe  (ygl.  (238)) 

<239a)    dN^^QdvUmld(p^^Qv-,,y   '''f-'^'''^^ d<p 

^  /  g  ^  g  2«(l4-COS*a — 2  COS  a  COB  qp)     ^ 

1)  Die  GL  (238)  stammt  von  F.  Wittenbauer,  welchei  sie  in  der  Zeitsch. 
f.  Math.  a.  Phjs.  46  (1901),  S.  189  unter  der  Annabme  ableitete,  dafi  der  Zwang 
in  der  Richtong  der  Platte  allseitig  gleich  sei.  Dabei  gilt  nach  K,  F.  Gaufij  dafi 
wenn  im  Zeitelement  ein  Massenelement  dm  bei  gezwungener  Bewegnng  yon  M 
nach  Q  gelangt,  wS^brend  es  bei  freier  Bewegung  von  M  nach  N  gelangt  ware, 
dei  Zwang  ^^2  NQ^dm  ist. 

2)  F.  Wittenbauer,  ebenda  S.  191  f. 
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hat.  Bezeichnet  man  femer  mit  tff  die  Neignng  der  Earyennormalen  in  N 
gegen  die  zur  Plattenneigungslinie  OY  senkrechte  Gerade  OX,  so  ist 

y  A  ==  op  —  ^. 

•s^i  Vom  Gegendruek  dN  des  Leistens  beeinflufit  der  zn  OF  parallele 
1^!  Teil  sin  f  •  dN  die  Schwerpunktsgeschwindigkeit  v^^  in  der  Rich- 
|i  tung  OY,  derart,  daB  Gl.  (234a)  ubergeht  in 

(239b)    -^  ^(v,i  —  v  cos  a)  -  /  sin  i^  •  dN 

^^  (8tatt-0), 

worin  (p^  nnd  9^  ^^^  ^^^  Endpunkten  ^^ 
and  ^2  der  Begrenzung  entsprechenden  Werte  von  <p  sind,  oder  in 

y  rk/  \         y  ^    Bin* a    /  einXsini^  , 

^   ^^  *i  -^         g  ^       27C    J    l+cos'a  —  2cosaC0B9     ^ 

Es  ergibt  sich  also,  weil  t?  —  v^j  cos  a  mit  t?  sin*  a  —  (v,i  —  t?  cos  a)  cos  a 
identisch  ist,  der  Parallelstofi  nach  (239)  zu 

(240)    P~^Qv^m'a\l-^;"   T        -«^i«^^i^ dJ, 

^        ^  g   ^  L  2^  J    1+C08*a  —  2  cos  a  COB  9     ^J 

BeiBpieP).    Bildet  der  Leisten  einen  vom  Strahltreffpnnkt  alB  Mitielpunkt 
BUS  beBchriebenen  EreiBbogen,  bo  ist  1^  =c  90®-|-  9  und  l^^dO^  dahei 

Y  i  Bin  X  sin  tZ»  ,  /  —  cob  a  cob  qp  , 

I  COB  a  f   ■  —    -i—         — aw  =    I , — dtp 

j     «5:5^  J    1  +  COB*  a  —  2  COB  a  cob  9  ^    1  +  cob' a  —  2  cob  a  cob  9 

1  +  COB*  a 


I 
and 


_  i.   Tfl  _  ^+-'"'-"      —  )  d,f  (ygl.  (2360) 

2J    \         1+C08*a  — 2coBaco8  9/     ^^»     '         " 

-X    "=  Y \^\  ""  ^^  *^*°»  (cotang«  -^  tang  -^)  +  konat. 


i.-i«.dn..jl-[A-'±-~->U.,(cU...iu^i)]-|. 

Fur  einen  HalbkieiB,  der  von  qpj  «= —      bia  9,  =  —  reicht,  iat  hiemach  bei- 
spielsweiae 

P  =.  I  Ct;  Bin«a  j  I  +  i^^.^^'^  arc  te^^ 

111.  Strdmungsdruck  anf  eine  Platte  und  Widerstand  bei  Be- 
wegung  einer  solchen.  Mit  dem  Stromungsdruck  auf  eine  Platte,  nam- 
lich  der  Gegenkraft,  die  man  im  unbegrenzten,  fliefienden  Wasser  auf- 

1)  F.  Wiitenbauer,  ebenda  S.  194. 
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bieten  mufi^  damit  sie  nicht  fortgesclileppt  werde^  befafite  sich  als  erster 
E»  Mariotie^)y  der  eine  quadratische  Platte  von  bfg.  0^1  m'  Flache  6e- 
schwindigkeiten  von  0,4  bis  1,08  m  sec  ^  aussetzte.  Nacb  seinen  Ad- 
gaben  ware  in  moderner  Weise  ansgedrlickt  bei  einer  Flache  F  (in  m*) 
einer  Stromungsgeschwindigkeit  v  (in  m  sec~^)  nnd  einem  Eigengewicht  y 
(in  kg  m-  •)  der  Flfissigkeit  die  StoB-  oder  Schleppkraft  (in  kg) 

(241)  P  -  tyF{-  -  1,29  bis  1,31  y  F-^  - 

L.  G.  du  Buat^)  fand,  dafi  die  Kraft  P  daher  entspringt,  dafi  die 
Pressung  an  der  stromauf  gekehrten  Seite  grofier  und  an  der  stromab 
gekebrten  Seite  kleiner  ist,  als  der  Tiefenlage  unter  ruhigem  Wasser 
entsprache.  Filr  ahnliche  F  und  v  wie  die  Mariottes  hat  du  Btiat 

(241a)  P  =  (1,19 +  0,67)  yi^l^  =  l,86yF-^, 

wobei  die  Zahl  von  1,19  vom  tTberdruck  und  die  Zahl  0,67  vom  Unter- 
druck  stammt.  Mit  dem  Koeffizienten  1,86  stimmen  auch  die  Ergebnisse 
anderer  Experimentatoren'). 

Hat  man  es  nicht  mit  einer  festen  Scheibe  in  fliefiendem  Wasser, 
sondern  mit  einer  sich  bewegenden  in  ruhigem  Wasser  zu  tun,  so  ist^ 
wie  du  Buat  entdeckte,  der  Widerstand  des  Wassers  ein  anderer  und 
zwar  kleiner.  Nach  L.  Prandtl*)  besteht  der  erhohte  Widerstand  in  einer 
Zunahme  der  durch  Wirbel  verursachten  Druckabsenkung  auf  der  Achter- 
seite  der  Platte,  wenn  die  Fltlssigkeit  (bei  ihm  ist  es  Luft)  schon  mit  Wirbel 
ankommt.  Hier  sei  bemerkt,  daB  die  Platte  in  urspriinglich  ruhigem 
Wasser  dieses  in  einen  Umlauf  bringt,  der  den  spateren  Fortschritt  er- 
leichtert,  so  dafi  die  Platte  fortdauemd  giinstig  vorbewegtes  Wasser  vor- 
findet.  Wird  dieses  durch  die  Turbulenz  immer  wieder  entfemt,  so  mufi 
mehr  Arbeit  verrichtet  werden,  also  der  Widerstand  wachsen. 

Fiir  0,1  m*  Querschnitt  und  0,9  msec"^  Geschwindigkeit  der  Platte 
fand  du  Buat^)j  indem  er  ebenfalls  sowohl  den  tlberdruck  wie  den 
Unterdruck  mafi, 

(241  b)  P  -  trF{^  -  (1  +  0,433)  yF{l  • 

Der  Wert  1,433  stimmt  auch  mit  einer  Messung  des  Grafen  Pambour^) 


1)  Traits  du  mouvement  de  Teau,  Tail  2,  Gespr&ch  2,  Begel  5. 

2)  Principes  d'hydraulique  2,  nour.  ^d.  1816,  S.  177,  190. 

3)  Poneelety  Introduction  k  la  m^canique  industrielle,   Paris  18S9,  S.  585. 
Versuche  mit  herabfallendem  Wasser:  D.  D,  Gaillard,  Wave  Action,  S.  184. 

4)  ZeiUch.  f.  Flugtechnik  u.  Motorluftschififahrt  1  (1910),  S.  74. 

5)  Principes  d'hydraulique  2,  nouv.  ^d.  1816,  S.  215. 

6)  Gaudry,  Traits  des  machines  a  vapeur  1,  Paris  1856,  S.  70. 
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libereui,  wahrend  Poncelet^)  rat,  allgemein  g  »  1,30  zu  nebmen,  femer 
Jf.  Beaufoy^)  bei  eioer  Scbeibe  von  0,093  m*  Flacbe  g=«  1,12  fand;  und 
G,  Pioheri,  A.  J,  Morin  und  L  Didion^)  bei  Flachen  von  0,03  bis  0,25  m> 
den  Widerstand  offenbar  viel  zu  hocb  mit 

(241  c)  P  =  0,934F  +  2,81  yF  g- 

bewerteten. 

Den  Stromungsdruck  auf  feststehende  recbteckige  Flatten  tracbtete 
in  neuerer  Zeit  T.  E.  Stanton^)  festzustellen,  dessen  Oerinne  aber  im  Ver- 
gleicb  zu  den  Flatten  nicbt  grofi  genug  war.  So  war  bis  vor  kurzem 
UDser  Wissen  uber  den  Stromungsdruck  und  den  Widerstand  bei  Flatten 
recht  zweifelbafk,  bis  Yersucbe  von  Engels  und  Gebers  einige  Sicberbeit 
brachten. 

Es  sind  oben  die  Gleicbungen  (22  a  und  b)  nacbgewiesen  worden, 
nacb  welcben,  wenn  die  Zahigkeit  keine  RoUe  spielt,  die  Yorgange  eines 
Modells  sich  im  Original  wiederbolen,  wenn  man  sowobl  die  Druckhoben 
wie  die  Langen  im  Yerbaltnis  der  Gescbwindigkeitsquadrate  vergroBert. 
Die  Drucke  auf  die  abnlichen  Flacben  wacbsen  dann  wie  die  dritten 
Fotenzen  ibrer  Seiten.  Fiir  den  Widerstand  P,  welcben  reibungslos  ge- 
dacbtes  Wasser  bewegten,  einander  ahnlicben  Eorpem  entgegensetzt, 
lautet  dieses  Gesetz,  welcbes  f&r  diesen  Fall  bereits  L  Newton  kannte^), 
daB  im  Ausdruck  (241) 


S  sich  nicbt  andert,  wenn  man  t;' :  YF  konstant  bleiben  lafit.  Die  er- 
wabnten  Yersucbe  von  H,  Engels  und  Fr.  Gebers^),  die  mit  weit  voU- 
kommeneren  Mitteln  als  alle  frfiberen  gemacbt  wurden,  baben  nun  f&r 
lotrecht  gestellte  und  wagrecbt  bewegte  unter-  oder  austaucbende  Flatten 
das  Zutreffen  des  Gesetzes  nacbgewiesen  und  gute  Daten  fur  ^  geliefert. 
£s  war  z.  B.  filr  untertaucbende  Quadrate  von  0,1  m  Seitenlange,  wenn 
die  Oberkante  0,1  m  unter  den  Spiegel  getaacbt  war,  bei 

t;  in  msec- 1-0,5       1  1,5      2         2,5      3         3,5 

Pin  kg        =0,16    0,66     1,41     2,33    3,51     5,02    6,85 
e  -  1,26     1,29?  1,23     1,14     1,10     1,09     1,10 


1)  Introduction  a  la  m^caniqne  indoBtrielle,  S.  587. 

2)  Nautical  and  hydraulic  ezperiments  by  Colonel  Beaufoy^  1884. 

3)  Poncelet,  Introduction,  S.  582. 

4)  Institution  of  Naval  Architects,  Transactions  1909. 

5)  Philosophiae  naturalis  principia,  London  1687,  lib.  2,  sectio  7,  prop.  82, 
theor.  26. 

6)  Schiffbau  9  (1907/8),  S.  201  f;  Gebers,  ebenda  S.  435  f. 
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und  ftlr  austanchende,  also  zn  Stau  und  Wellen  Anlafi  gebende  Flatten^ 
Yon  denen  Quadrate  yon  0^  m  Seitenlaiige  ins  Wasser  reichten,  far 

v  in  m  sec"^  =-  0,5       1  1,5      2 

P  in  kg         =  0,16     0,78     1,71     2,87 
t  -1,26     1,53     1,49     1,41 

Fftr  untergetanchte  Quadrate  nahm  iibrigens  ^  ab,  wenn  die  Tauch- 
tiefe  wuchs,  so  zeigten  obige  Flatten  folgende  Zahlen: 

t;  Tauchung:     0,1       0,2       0,3 

Imsec-^        g-  1,28     1,24     1,28 

5msec-i         t^  1,21     1,19     1,15 

Dafi  im  Ausdruck  (241)  g  yeranderlich  ist,  haben  auch  Yersuche 
Ton  F.  Matthias^)  dargetan.  H.  Lang*)  folgert  aus  ihnen,  dafi  bei  unter- 
getauchten  Rechtecken  von  der  Flache  F  der  Widerstand  gegen  ihre 
Bewegung  am  geringsten  wird,  wenn  die  Oberkante  2]/F  unter  dem 
Spiegel  liegt,  und  dafi  dieser  Mindestwiderstand  fdr  metrisches  Mafi 

ist,  wofQr  bei  anderer  Tanchtiefe  (mit  P  in  kg,  F  in  m',  t;  in  m  sec"  ^) 

(241  e)  P  -  50,3  bis  56,9  (l  +  ^'l^^  Fv* 

tritt. 

Der  Ansatz  (241),  nach  welchem  der  Widerstand  P  dem  Quadrate 
der  Geschwindigkeit  proportional  ist,  bringt  zum  Ausdruck,  dafi  die 
Zahigkeit  in  ihm  keine  Rolle  spielt  und  wesentlich  Tragheitskrafte  zu 
dberwinden  sind.  Damit  wird  aber  zugleich  S  ^^^^  ^U^  Fldssigkeiten 
gleich  grofi,  so  dafi  man  Daten,  die  fiir  Scheiben  in  der  Luft  erhoben 
worden  sind,  allenfalls  auch  auf  solche  in  Wasser  anwenden  darf,  ob- 
schon  der  kinematische  Reibungskoeffizient  der  Luft  annabemd  14mal 
so  grofi  wie  der  des  Wassers  von  15®  C  ist').  Irrefdhrend  sind  aber 
vielfach  die  Zahlen,  welche,  wie  dies  haufig  bei  Luftyersuchen  geschah, 
an  umlaufenden  Scheiben  unter  Anwendung  eines  yergleichsweise  kleinen 
Lauf  kreises  ermittelt  wurden,  weil  bei  diesem  Vorgange  das  Verhaltnis 


8 


1)  Ebenda  18  (1911/12),  S.  249,  299,  851,  396. 

2)  Bisher  nnyerdffentlioht. 

8)  N&her  ansgefuhrt  in  F,  W,  Lanchester,  Aerodynamik  1 ,  deutsch  v.  C.  u. 
A.  Bunge,  Leipzig-Berlin  1909,  S.  47,  48.  Ober  die  Entwickelung  des  betreffenden 
Teiles  der  Aerodynamik  siehe  S,  Finstenoalder,  Encyklop&die  d.  math.  Wissenech., 
4.  Bd.,  8.  Teilband,  S.  160  u.  f.;  C.  Orane,  ebenda  S.  190  u.  f.  —  Aerodynamik  u. 
Balliitik. 
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des  Halbmessers  des  inneren  Umlauf  kreises  zn  dem  des  aufieren  das  Er- 
gebnis  beeinfluBt^)  und  die  Scheibe  immer  wieder  in  die  schon  fniher 
Yon  ihr  bewegte  Luft  kommt.  Endlich  ist  hervorzuheben^  dafi  aach  in 
der  Luft  der  Stromungsdruck  den  Widerstand  wesentlich  und  zwar  etwa 
urn  die  Halfte  aus  dem  S.  393  angegebenen  Grunde  libertriflFt^. 

Die  in  der  Luft  Yorgenommenen  Versuche  gestatten  einen  Einblick 
in  die  Abhangigkeit  des  senkrecht  zur  Platte  gerichteten  Widerstandes  N 
Yon  der  Bewegungsrichtung  der  Platte.  Nach  den  Versuchen  S,P.Langleys^ 
triflfk  hierfiir  Dachemina  Formel  (233  a) 

in  welcher  P^  den  Widerstand  bei  Bewegung  senkrecht  zur  Platte  be- 
deutet,  genau  zu,  obwohl  sie  nach  Duchemin  nur  filr  den  Strahldruck 
passen  und  fUr  den  Stromungsdruck  senkrecht  zur  Platte 

*  1  +  Bin*  a 

gelten  sollte^).  Vielleicht  kommt  dies  daher^  dafi  derselbe  bei  Ablei- 
tung  seiner  Formel  Yon  der  Verteilung  der  Wasserfaden  ausging,  die 
er  an  einer  in  stromendes  Wasser  getauchten  Platte  beobachtete.  tTber- 
raschend  war  auch^  dafi  W.  Dines^)  abweichehd  Yon  den  Vorgenannten 
den  grofiten  Normaldruck  nicht  fiir  a  «  90^,  sondern  ftir  a  «—  ungefahr 
35^  und  dann  starken  Druckabfall  zwischen  35®  und  40®  erhielt.  Ahn- 
liche  Hocker  der  Druckkunre  fand  Stanton  in  stromendem  Wasser  und 
0.  Fdppl^)  im  Luftstrom.  Dieser  wies  auch  mittels  Salmiaknebeln  nach, 
dafi  fiir  a  zwischen  38®  und  42®  zweierlei  Stromungsweisen  bestehen, 
deren  Widerstande  sich  wie  1  :  IVg  bis  1%  Yerhalten. 

Yersuche,  bei  welchen  kleine  rechteckige  Platten  an  einem  auf 
einem  Gleise  fahrbaren  Wagen  befestigt  waren,  nahm  F.  Fink'^  Yor, 
der  also  nicht  N,  sondern  die  Triebkraft  N  sin  a  ermittelte,  die  sich  mit 


1)  So  nach  R.  Knoller,  Flug-  u.  Motor-Technik  3  (1909),  Nr.  22  u.  23  =- 
Gesetze  des  Luftwiderstandes,  Wien  1909,  S.  6. 

2)  Siehe  ebenda  S.  4. 

3)  Smithsonian  Contributions  to  Knowledge  801  ^^  S,  P.  Langley,  Experi- 
ments in  Aerodynamics  1891,  auch  2.  ed.,  Washington  1902,  S.  24. 

4)  Duchemin,  Recherches  exp^rimentales,  S  148. 

5)  London  Proc.  Roy.  Soc.  48  ^1890),  S.  223.  Bildlicher  Vergleich  derFormeln: 
F.  W.  Lanehester,  Aerodynamik  1,  S.  172. 

6)  Z.  d.  V.  deutsch.  Ing.  66  (1912),  S.  1937. 

7)  Ciyilingenieur  (2)  38  (1892),  Sp.  213,  629,  636.  L,  Prandtl  zeigte  in  der 
Zeitsch.  f.  Flugtechnik  n.  Motorlnftschiffahrt  1  (1910),  S.  63,  dafi  far  praktische 
Fragen  der  Lnfttechnik  die  Luft  als  unzasammendriickbar  angesehen  werden  darf. 
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dem  Fiihrangsdrack  dee  Gleises  zu  N  zusammensetzt.  Zieht  man  yom 
Widerstande  den  Teil  ab^  der  auf  die  Reibung  entfallt^  so  fiihren  nach 
H,Lang^)  die  genannten  Versuche  auf  nachstebende  Anderung  der  Trieb- 
kraft  mit  dem  Winkel  a  zwiscben  Platte  und  Fabrtricbtung: 

0*  bis  80*  30*  bis  50*  60*  bis  90* 

f>^  fdrmige  Ober-     sin*'*  a ;  an  der  Ruck- 
gangslinie  wand  treten  Wirbel 

za  ihr  parallelen  Schich- 


a  =« 


-ATsin  a  :  Pj  =  1,8  sin' a;  der  Strom  le^t 

Bich  an  die  Bfickwand  m 


auf 


ten  an 


Abnlicbe  Yersucbe  von  F.  McMhias  gaben  etwas  abweicbend 

fur        a  -  15<>      30«      45«      60«      75<>      90« 
-Rr:Pj-0,90     0,95     0,99     1,01      1,01      1,00 

tJber  die  Lage  des  Angriffspunktes  nabm  als  erster  Q.Avanzini^)  Ver- 
sucbe  Yor,  bei  welcben  er  recbteckige  Flatten  ein  Gerinne  entlang  fiibrte. 
Eine  Betracbtung  seiner  Ergebnisse  lafit  im  Wasser  (zum  Unterschiede 
Yon  Luft)  keinen  wesentlicben  Einflufi  der  Plattenlange  oder  -breite  er- 
kennen,  wobl  aber  einen  solcben  der  Gescbwindigkeit.  Bezeicbnet  ip  den 
Winkel  zwiscben  Platte  und  Stromricbtung,  I  die  Plattenlange,  e  die 
Entfemung  des  Angriffspunktes  des  Stromungsdruckes  yen  der  stromauf 
befindlicben  Kante,  so  gibt  nacbstebende  Zusammenstellung  die  beob- 
acbteten  q)\ 


Gescbwin- 
digkeit 

m  sec~* 

Verhaltnis  e :  I 

GrundriB 

12 
24 

11 

24 

10 
24 

9 
24 

8 
24 

0,86 
1,09 
1,86 
1,71 
2,23 
2,70 

90* 
90* 
90* 
90* 
90* 
90* 

63*30' 

33*69' 
27*50' 

25*9' 
14*30' 

21*6' 
18*2' 
15* 
12*12' 
10*46' 
8*44' 

r 

Spater  gab  JoesseP)  auf  Grund  Yon  Versucben  in  der  Loire  die  Form  el 

c  «  (0,2 +  0,3  sin  9)  i, 

nach  welcber  die  Gescbwindigkeit  keinen  Einflufi  batte. 

Aucb  parallel  zur  Drebacbse,  also  senkrecbt  zur  oben  betracbteten 
Yerscbiebung,  erleidet  der  Angriffspunkt  eine  Yerscbiebung  und  zwar 


1)  Hfltte  1,  21.  Aufl.,  Berlin  1911,  S.  380. 

2)  R.  de  ViUamU:  Tbe  Laws  of  Ayanzini.  .London  1912  »  Aeronautical  Jour- 
nal 1912  nach  Memorie  deir  Istituto  Nazionale  Italiano  1.  Duchemin^  S.  49,  51 
zitiert  aucb:  Memorie  della  Academia  di  Padova  8. 

8)  FlamatU,  3.  Aufl.,  S.  689  zitiert:  Memorial  dn  G^nie  maritime  1873. 
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mit  der  Geschwindigkeit.  F.  Matthias'^)  ist  der  Ausichty  daB  fQr  t;  —  0 
der  Angrififspunkt  mit  dem  des  statisclien  Wasserdruckes  zusammenfalle, 
wahrend  er  bei  wachsendem  v  in  die  H5he  rfickt  und  nach  den  — 
Hbrigens  nicht  erschopfenden  —  Yersnchen  bei  einer  Plattenbohe  h  in 
der  Hohe  Op8  h  iiber  der  Rechteckmitte  liegen  kann. 

113.  Widerstand  und  Str&mnngsdruok  bei  einer  EugeL  Die  Be- 
trachtungen  ^ber  den  Widerstandy  den  ein  rings  Ton  einer  Fltissigkeit 
umgebener  Korper  bei  seiner  Fortbewegnng  erleidet,  nahmen  ihren  An- 
fang  mit  einer  Theorie  LNewUym^)^  nach  welcher  eine  Eugel  vom  Halb- 
messer  a,  die  sich  in  einem  Mittel  vom  Eigengewichte  y  mit  der  Ge- 
schwindigkeit V  bewegt;  einen  Widerstand 

(242;  P  -  ey«a»  ^  -  0,5  y «a»  ^ 

erleidet.  DrQckt  man  in  dieser  Formel  yj  a,  v  und  g  ia  m,  kg  und  sec 
BMBy  so  erbalt  man  auch  P  in  kg.  Newton  stellte  aucb  Versuche  an^ 
indem  er  Kugeln  in  Wasser  fallen  liefi^  und  er  erachtete  das  Ergebnis 
im  Einklang  mit  seiner  Theorie,  aber  Borda  ermittelte  %  »  0,56;  HuUon 
t  -*  0,594,  Beaufoy,  der  eine  Kugel  von  0,34  m  Durchmesser  oder  0,093  m 
Querschnitt  mit  0,6  bis  3,66  m  Geschwindigkeit  unter  Wasser  schleppte^ 
f  im  Mittel  =  0,383.  Du  Buat  kehrte  auf  Grand  seiner  Versuche  wieder 
zum  I  »  0,5  Newton^  zuriick.  Auch  f£Lr  die  Eugel  wachst  ^,  wenn  man 
sie  festhalt  und  dagegen  das  Wasser  stromt  Dementsprechend  erhielt 
J.  A,  Eytdwein^),  der  g  nicht  aus  Fallversuchen  ableitete,  sondern  aus 
der  Neigung  eines  Fadens,  der  durch  eine  Eugel  gespannt  wurde,  die 
er  ins  Wasser  tauchte,  t  ="  0,7886.  In  stillem  Wasser  erlangt  aus  dem 
oben  angegebenen  Grunde  eine  faUende  Eugel  eine  grofiere  Endgeschwin- 
digkeit  als  in  turbulentem. 

Bei  geniigend  langsamer  Bewegung  ist  der  Widerstand  nicht  mehr 
t?*,  sondern  v  proportional.  G,  G.  Stokes^)  leitet  namlich  bei  einem  Rei- 


1)  Schiffbau  18  (1911/12),  S.  800,  397. 

2)  PhiloBophiae  naturalis  principia  mathematica,  London  1726,  3.  Anfl.» 
2.  Buch,  7.  Abschnitt. 

3)  Er  zitiert  im  Handbuch  der  Mechanik,  2.  Anfl.,  Leipzig  1823,  S.  244 
Sammlnng  ntltzlicher  Anfs&tze  and  Nachrichten  die  Bankunst  betreffend  t 
(1799),  S.  52. 

4)  TranBactions  of  the  Cambridge  Philosophical  Society  9  (1850)  »»  G.  (r. 
Stokes,  Mathematical  and  Physical  Papers  8,  Cambridge  1901,  S.  60  Fl&ssige 
Kiigelchen  sinken  rascher  als  starre:  W.  Ryhczynski,  Anzeiger  der  Akad.  d. 
Wissensch.  in  Krakau,  A.  (1911),  S.  40.  Lftngs  einer  Wand  w&chst  der  Wider- 
stand:  J,  Stock,  ebenda  S.  18. 
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buDgskoeffizienten  rj  der  Flussigkeit  fiir  die  Endgeschwindigkeit  einer 
fallenden  Eugel  die  Gleichung 

ab,  wonach  das  urn  den  Auffcrieb  verminderte  Eugelgewicht 
(242a)  P  =«  ^(y,-y)a«-  Gxr^av 

sein  mufi.  Bemerkenswert  ist  es^  dafi  H.  S,  AUen^)  durch  Messung  der 
Geschwindigkeit  kleiner  aufsteigender  Gasblasen  und  kleiner  sinkender 
Eugein  gefunden  hat^  dafi  es  einen  Zwiscbenznstand  zwischen  der  Be- 
wegung  in  Schichten  und  jener  in  Schlieren  gibt,  fQr  den  die  Reibung 
proportional  mit  i;^»*  zunimmt. 

Auch  denVersuchen  J,  Thaulds^j  welcher  die  mittlere  Stromungs- 
geschwindigkeit  U  maB,  die  in  einer  Rohre  von  gegen  1  cm  Durch- 
messer  Eugein  schwebend  erhielt^  entspricht^  wie  eine  Nachrechnung 
durch  A.  SchoJditsck^)  ergab,  nicht  ein  Exponent  2,  sondem  etwa  1,84. 
Dabei  waren  die  Eugeldurchmesser  2a  =  0,17  bis  0,42  cm  und  wurde 
die  mittlere  Stromungsgeschwindigkeit  U  von  6  bis  67  cm  sec*"  ^  ge- 
steigert.  Zugleich  zeigte  sich  bei  Wiederholung  der  Versuche  jenes  U 
ganz  unabbangig  von  der  Temperatur,  also  von  der  Zabigkeit. 

H.  S.  Allen^)  bat  in  einfacber  Weise  einen  iibrigens  nicbt  auf  die 
Eugel  bescbrankten  Ausdruck  fiir  den  Widerstand  aufgesteUt.  Er  divi- 
diert  sowobl  den  Widerstand  P,  als  aucb  den  inneren  Reibungskoeffi- 
zienten  ri  durcb  die  Dicbte  und  nimmt  (wiUkiirlicb) 


(242b)  -y-="n{ 


9^      ^  (9nY^ 


tima^n 


y         "*  \y  / 
an,  worin  c^  eine  Eonstante,  a  eine  bestimmte  Lange,  also  ein  Bezugs- 

maB  —  bier  sei  es  der  Eugelbalbmesser  — ^  und  — -  den  scbon  im  §  15 

erwabnten  kinematiscben  Reibungskoeffizienten  bedeutet.    Gl.  (242  b) 

zeigt  die  Dimensionen 

Lange*  _  LB.nge»"^  ^  Lange« 

Teit^    "~     Zeit"^     ^^»®       Zeit»   ' 
wonacb 

4  =  2ny  +  W2  +  ^»     2  =^n^  +  n 


1)  Phil.  Mag.  (5)  60  (1900),  S.  823,  619.  Bez.  der  kritiachen  Geschwindig- 
keit Tgl.  oben  S.  60.  Eine  Begrundung  des  WachstumB  proportional  v^'^  gibi 
F,  W.  Lanchester,  Aerodynamik,  dentsch  von  C.  n.  A.  Eunge  1,  Leipz.  n.  BerL 
1909,  S.  48,  60. 

2)  Annales  des  mines  (8)  5  (1884^),  S.  612. 
8)  Bisher  anyerdffentlicht. 

4)  Phil.  Mag.  (6)  60  (1900),  S.  826. 
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oder 

sein  mufi,  und  das  allgemeine  Gesetz 


(242  c) 


P=-c 


"p* 


zu  lauten  hatte.  Diese  Formel  fdhrt  filr  n  =  1  bzw.  m  «  2  und  c^  «•  6;r 
bzw.  ^^  aaf  die  Gleichungen  (242  a)  und  (242)  yon  Stokes  and  Newton. 
Fiir  ein  Allensches  Kdgelchen  gibt  sie 


y7a»««, 


(242  d)  P-= 

wonach  dasselbe  bei  einem  Eigengewicht  y^  beim  Fallen  oder  Steigen 
eine  Endgescbwindigkeit 

«rlaiigen  miifite.  Darch  Yersnche  fand  AUen  ^) 

<242f )  »,  -  ungef ahr  {-  (y,-  y)V.  (A^-  (a  -  |-  o,) , 

worin  a^  den  kritischen  Radius  bezeichnet^  bei  dem  die  iS^Aressche  Glei- 
€hung  zu  gelten  auf  horte.  Ffir  Sand  in  Wasser  von  15  ^  C  sei  *) 

(242 g)  a;t=  0,0085  cm. 

Obwohl  bei  gleichmafiigem  Fortschritt  die  reibuugslose  FlOssig- 
keit  der  Bewegung  keinen  Widerstand  entgegensetzt,  tut  sie  solches  ia 
^rheblichem  Mafie,  wenn  die  Kugel  infolge  aufierer  Erafte  (z.  B.  der 
Z  Schwere)  eine   verzogerte   oder  beschlennigte 

Bewegung  ausfubrt.  Zui  einschlagigen  Berech- 
nung  werde  yon  der  Oleichung 

X 


(243)  0  = 

X  ausgegangen,  in  der 


-A 


die  Entfemung  eines  Punktes  yom  TTrsprung 
bedeute.  Da  die  Differentiation  yon  (243) 

1   a<p       r«— 8a;*  1  a*  Sxy  1   d^  8x# 


A 

dx 

r» 

'           A 

ay 

f6     } 

A 

dz 

1 
A 

a** 

'dx* 

«  = 

-9xr*+lbx* 

1 

A 

a**     - 

dy*^ 

-8xr*+  Ibxy* 

1  a"* 

-Sxr^ 

'+  Ibxz* 

A    dz* 

r' 

.«   f 


1)  Ebenda  S.  338,  584.  2)  Ebenda  S.  826.     Vgl.  nnten  S.  409. 
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lieferty  folgt 

nnd  kann  <2>  als  Gesohwindigkeitspotential  aufgefafit  werden.  Die  weitere 
Ableitung  fd£t  anf  der  allgemeinen  Bedeutnng  des  Doppelintegrales 


// 


in  dem  F  eine  geschlossene  Flache,  I  die  zu  ihr  normale  Bichtung  be- 
deniet  und  0  wieder  ein  Geschwindigkeitspotential^  somit  -^f  die  posi- 
tive oder  negative  Stromnngsgeschwindigkeit  senkrecht  zur  Flache  J^ 
bedentet^  femer  -^  von  innen  nach  anfien  zu  messen  nnd  die  Integration 

liber  den  von  F  umschlossenen  Raum  zn  erstrecken  sei.  Teilt  man  diesen 
Baum  in  zwei  andere,  1  und  2^  und  bildet  fdr  letztere  die  entsprechen- 
den  Integrale^  so  ist 

weil  for  die  Querflache  die  -jr-  in  den  beiden  Teilraumen  entgegenge- 

setztes  Yorzeichen  baben  nnd  sich  daher  die  AnsdrQcke  <D  -^r  dF  fur 

die  Querflache  auf  heben.  Die  Teilung  kann  man  derart  vomehmen  und 
fortsetzen^  dafi  man  den  ursprQnglichen  Raum  in  lauter  Stromf aden  von 
den  Querschnitten  dS  zerlegt.  Bezeichnet  n  die  langs  der  Faden  ge- 
messenen  Langen,  so  ist  dann,  weil  der  Durchflufi  sich  langs  eines  Fadens 

nicht  andert,  far  jeden  Faden  -^  dS  (worin  j—  die  Stromnngsgeschwin- 
digkeit) eine  konstante  GroBe^  und  besteht  daher,  wie  die  Differentiation 
lehrt,  die  Beziehung 

oder^  wenn  man  das  Volum  mit  V,  also  das  Volumelement  mit 

dV^^dndS 
bezeichnet,  die  Beziehung 


'[<'']-m^^- 


Wird  nun  Qber  den  ganzen  von  F  eingeschlossenen  Raum  integriert,  so 
hat  man,  weil  -x—  dS  zugleich  oi  dF  ist, 


m^^-ssj&r 


JPorohheimer:  Hydraolik  26 
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und  auch 

also  gleich  der  kinetischen  Energie  in  dem  von  F  begreneten  Raum^). 
Dabei  ist  allerdings  Bedingang,  daB  der  Raum  keine  Quelle  oder  Senke 

enthalte,  weil  an  diesen  Stellen  <&^     unendlich  grofi  wird  und  daher 

zu  beiden  Seiten  einer  Scheideebene  hier  die  absoluten  Werte  von  *  -5- 

dn 

um  einen  endlichen  Betrag  yerschieden  sein  konnen.  Dagegen  ist  es  zu- 
lassig;  dafi  der  begrenzte  Raum  F  als  Innenbegrenzung  besitzt  und 

sich  bis  ins  Unendliche  ausdehnt,  falls  nur  im  Unendlicben  O-^—  ver- 

'  en 

schwindet. 

Nunmehr  werde  zur  61.  (243)  zurUckgekebrt,  die  man  mit  Bezeich- 
nung  des  Winkels  zwischen  einem  Fahrstrahl  r  und  der  a;-Achse  mit  9 
auch 

(244)  a>  =  -^-^'- 

schreiben  kann.  Soil  die  durch  (244)  gegebene  FlQssigkeitsbewegung 
dem  Fortschritt  einer  Eugel  vom  Halbmesser  a  entsprechen,  so  mufi 
die  Bewegung  derart  vor  sich  gehen^  dafi  ein  FlQssigkeitsteilchen,  das 
sich  zu  beliebiger  Zeit  an  der  Kugeloberflache  befindet,  auch  spater  an 
der  inzwischen  fortgeschrittenen  Oberflache,  wenn 
auch  an  einer  anderen  Stelle  derselben  liegt.  Das 
ist,  da  die  Oeschwindigkeit  der  Fliissigkeit  in  der 

r-Richtung  ^     betiilgt,  der  Fall,  wenn  ftir  r  «  a  .^      ^. 

5-  =«  UcosO 
or 

ist,  wobei  U  die  Geschwindigkeit  des  Eugelmittelpunktes  bezeichnet. 
Die  Vereinigung  mit  (244)  gibt  also  als  notwendige  und,  wie  sich  zu- 
gleich  zeigt,  erfiillbare  Bedingung 


oder 

A^\-  Ua>, 

womit  (244)  in 

_^                                       ^ 

(244a) 

9--^V%cosd 

1)  W.  Thomson  u.  P.  G.  Taii,  Treatise  on  Natural  Philosophy,  §  808,  S.  288. 
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dbergeht^).  Ftlr  die  Eugelflache  vom  Halbmesser  a  hat  man  demzufolge 
*  =  1  [7 cos  e    und    i^)      =  (U-,  cos o)      ^UeosO 

und  da  fQr  eine  Zone  Tom  Zentriwinkel  dd  oder  fdr 

dF^2%a^wiede, 

ist^  hat  man  weiter  demnach,  wenn  man  die  Kugelilache  als  Flache  F 
Yon  (243  b)  nimmt^  womit  I  und  r  identisch  werden, 

n 

(245)   ^jj^  ^af  ^^  ="  -  7  ^  «'  C^*  /  co8»  e  sine  de^^^-a^  u\ 

0 

Die  kinetische  Energie  der  Eugel  betr&gt^  falls  sie  das  Eigengewicht  y^ 

besitzt;    —  —  a*  ?7*,  die  jeweilige  des  umgebenden  Mittels  -3-  —  «*  U^\ 

man  kann  also  die  Wirkung  der  AuBenkrafte  derart  berechnen^  als  ob 
keine  Fliissigkeit  yorhanden  ware  und  dafiir  die  Kugel  die  Masse 

(245a)  lja.Cr»(y.  +  X) 

hatte').  Im  Falle  einer  geradlinigen  Bewegung  der  Kugel  betragt  deren 

Beschleunigung  -^  ,  und  da  die  beschleunigende  Kraft  neben  der  Kugel- 

masse  noch  der  hinzugedachten  Masse  diese  Beschleunigung  erteilen 
mufi,  folgt,  dafi  der  Gegendruck  der  Fliissigkeit 

2«y     %dU 

L   n9 

3^         di 

betragty  und^  soweit  die  t3l)erlegung  zutrifft,  fQr  eine  gleichformige  Be- 
wegung yerschwindet.  Das  eben  entwickelte  Gesetz  (245  a)  hat  zuerst 
du  Buat  experimentell  entdeckt^  als  er  ein  Pendel  im  Wasser  schwingen 
liefi  und  er  drtickte  es  in  den  Worten  aus^  dafi  das  Pendel  einen  Bug 
und  ein  Heck  aus  Wasser  mitschleppe^  die  zusammen  ungefahr  den 
halben  Bauminhalt  des  Pendels  haben*).  tbngens  hat  der  Geuannte 
auch  mit  Korpem  anderer  Form,  wie  z.  B.  Wfirfeln  oder  Zylindern, 
zahlreiche  Pendelyersuche  yorgenommen^). 

1)  G.  Stokes,  Transactions  of  the  Cambridge  Philosophical  Society  8  (1843), 
S.  119  =»  Math,  and  Phjs.  Papers  1,  S.  17;  X.  DirieMet,  Berlin,  Ber.  flb.  d.  z. 
Bekanntmachung  geeigneten  Yerhandlungen  d.  k.  preufi.  Akad.  d.  Wise.  1852,  S.  13 
«  Werke  2,  Berlin  1889—97,  S.  115. 

2)  Zuerst  von  Grreen  fox  unendlich  kleine  Geschwindigkeiten  nachgewiesen, 
Transactions  of  the  Royal  Society  of  Edinburgh  13  (1886),  S.  54  =»  Math.  Papers, 
S.  315. 

3)  Principes  d*hydraulique  2,  nouv.  ^d.  1816,  S.  233. 

4)  Ebenda  S.  240. 
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113.  Widerstand  and  StrSmungsdiraok  bei  beliebiger  Form.  Die 
Erforschung  des  Widerstandes  und  Stromungsdrackes  bei  Eorpem  be- 
liebiger Form  nahm  ihren  Anfang  mit  Yersucben  von  J.  Ch.  Borda, 
welcber  einen  und  denselben  Eorper  in  verschiedenen  Bicbtongen  dorch 
mbendes  Wasser  scbleppte  nnd  das  Yerbaltnis  bestimmte^  in  welcben 
die  yerscbiedenen  Widerstande  zueinander  standen.  Aus  diesen  nnd 
spatereD  Yersucben  stellte  J,  V.  Foncdd^)  nacbstebende  Tabelle  fiber 
das  Yerbaltnis  der  Widerstande  bei  verscbiedener  Stellung  zosammen: 


Forscher                   EOrper 

Wider- 
SteUnng  derart,  dafi  Bug          stands- 

▼erh&ltnis 

■ 
Borda 

Keil  mit  ebenen  Sei-   g^o 
ten,  Winkel  an  der   ^^o 
Spitze  =            ^ 

Keil 

"■  I    — 

rechteck.  Basis        J'J^^ 

1 

1  Borda 

1 

Borda 

Borda 

Borda 
Borda 
Hutton 

Borda 
I  Hutton 

,  Vince 

1 

Keil    mit    SeitenflSx^hen 
aus  BOgen  von  60 '^ 

Keil 

1 

rechteck.  Basis        0,390 

Halbzylinder,  deasc 
linie  Halbellipse  be 
ben  um  gleichschei 
Dreieck 

Halbzylinder,  dessc 
linie  Halbkre 

mLeit- 
Bchrie- 
ikligei 

Rundung 

rechteck.  Basis  ,      0,430 

1 

mLeit- 
is 

1                             1 
Rundung       rechteck.  Basis        0,670 

1 

Kegel  nut  Winkel 
an  der  Spitze  =■ 

90« 

eO""  ,       Spitze 
61*24  I 

1 

0,691 
Kreisfl&che            0,643 

0,433 

0,406 
Halbkugel                  Halbkugel         Kreisfl&che     i      0,418 

1                              1       0,406 

Derselbe  ftlbrt  aucb  an^  dafi  das  Widerstands yerbaltnis  der  Halb- 
kugel zur  ganzen  Kugel  nacb  Borda  und  Hutton  0,990  betrage.  Fdr  die 
absolute  Grdfie  des  Widerstandes  P,  den  ein  Parallelepiped  vom  Quer- 
scbnitt  F  und  der  Lange  I  zu  Hberwinden  bat,  wenn  es  mit  einer  Gescbwin- 
digkeit  v  im  rubenden  Wasser  fortscbreitet,  liegen  folgende  Angaben 
von  du  Bt/uxt  und  Ihxhemin  yot,  die  allerdings  etwas  auseinander  geben: 

IiYF=^  0,0         1,0         2,0        3,0 

»   nacb  du  Buat^)      1,433     1,172       —       1,102 


PiyF 


^g  nacb  Dttcfeemtn*)    1,254     1,282     1,306     1,330 


1)  Introduction  a  la  m^canique  industrielle.  C^.  Hutton  liefi  ilbrigens  die 
KOrper  nicht  in  Wasser,  sondem  in  Luft  umlaufen;  siehe  dessen  Tracts  on 
mathematical  and  philosophical  subjects,  Bd.  3,  London  1812,  S.  163f.  Poneeiet 
benutzte  die  daseibst  S.  189  angegebenen  Zahlen. 

2)  Principes  d'hydraulique  2,  1816,  S.  216. 

3)  Recherches  exp^rimentales,  1842,  S.  129. 
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6r56er  ist  jedenfalls  der  Strdmungsdruck  P^  den  flieBendes  Wasser 
Yon  der  Geschwindigkeit  TJ  auf  den  rahenden  Korper  ausiibt^  denn  ffir 
dieselben  Parallelepipede  fand  du  Buat^)  far 

Z:)/F-    0,0         1,0         3,0 
P:yF^-^  1,856     1,457     1,339 

J.  F.  Poncdet^)  hat  getrachtet,  fdr  den  Stromungsdnick  auf  einen 
tintergetauchten  Korper  beliebiger  Form  ein  Gesetz  abzuleiten,  wobei 
er  Yon  der  BordaBcheR  Formel  ausging.  Fande  die  Umstrdmung  des 
Kdrpers  ohne  DmckYerlust  statt,  so  wdrde  Yor  nnd  hinter  dem  Korper 
der  gleiche  Dmck  herrschen.  An  der  Stelle,  wo  das  Wasser  aus  dem 
Yerengten  Raum  wieder  in  den  weiten  tritt,  gibt  es  ^^^y^^^^fj^^^^jf^gifi^^mf^, 
bei  einem  Yerengten  Qnerschnitt  JFj  und  einem  nr-  p^         t 

sprClnglieheni^j  ent8prechend(123)  einen  DmckYerlust         WliW^   Ft 

^"  r^«  -  iV  i„, 

worin  TJ  die  Stifomungsgeschwindigkeit  im  unYerengten  bedeutet.  Da 
dieser  DmckYerlust  auf  den  grofiten  Korperquerschnitt  F  wirkt,  habe 
der  WasserstoB  die  Grofie 

(,46)  P-,P-fJ(fi-l)' 

oder,  weil  der  engste  Stromungsquerschnitt  mF^  noch  etwas  kleiner  als 
der  engste  Wasserquerschnitt  i^,  •—  i^  sein  kann,  die  Grofie 

(246a)  ^->'^-^'[l«(FfiF)-ir' 

worin  m  eine  Beiziffer  bezeichnei,  die  Yon  der  Korperform  abhangt  und 
etwas  <  1  ist. 

In  den  angefQhrten  Untersuchungen  erscheint  derWiderstand  nicht 
naher  zergliedert,  sondem  dem  Geschwindigkeitsquadrate  t;^  proportional 
gedacht.  Das  erscheint  zulassig,  wenn  man  wie  bei  querbewegten  Flatten 
es  nur  mit  kleinen  Reibflachen  zu  tun  hat,  oder  wenn  man  bei  lang- 
gestreckten  Korpem  zwar  mit  L,  Euler  den  Yerdrangungswiderstand 
Yom  Reibungswiderstand  unterscheidet,  aber  wie  Etder  beide  als  pro- 
portional mit  v^  ansieht.  In  beiden  Fallen  mu£  man  das  Ahnlichkeits- 
gesetz')  als  giiltig  betrachten,  nach  welchem,  wenn  ein  Korper  bei  der 
Geschwindigkeit  v  den  Widerstand  P  henrorruft,  ein  ahnlicher  Korper 

1)  Pzincipes  d'hydiaulique  2,  1816,  S.  211. 

2)  Introduction  ik  la  m^caniqne  indastrielle,  appendice  1839. 

3)  Ygl.  8.  33  n.  899. 


406  XIV.  Der  WassergtoB 

yon  nmal  so  grofien  LaDgenabmessimgen  einen  Widerstand  n^V  erfabrt, 
falls  er  mit der  Geschwindigkeit  v^n  geschleppt  wird.  Ausged6liiiteyl795 
begonnene  Yersuche  von  Oberst  Jf.  Beaufoy^)  zeigten  non^  daB  der  Oe- 
samt widerstand  nicht  so  stark  steigt^  und  neue  Yersuche  von  W.Froude^) 
lehrten^  daB  bei  Schiffsform  der  Oberfldchenwiderstand  nahezu  darch 

(247)  kySv'^^ 
oder  genauer  dnrch 

(247  a)  JcySif 

ausgedrdckt  werden  konne,  worin  S  die  benetzte  Oberflache  und  k  sowie  x 
Koeffizienten  bedeuten^  die,  wie  folgende  Tabelle')  zeigt^  von  der  Lange 
und  der  Oberflachenbeschaffenheit  abhangen: 

L&nge  der  Fl&che       Fimifianstrich  Paraffin 

in  m  k  X  k  x 

0,61  0,210  2,00  0,209  1,96 

2,44  0,184  1,86  0,161  1,94 

6,10  0,161  1,86  0,146  1,93 

16,24  0,162  1,88  —  — 

K  E,  Fronde,  der  Sobn  des  Yorigen,  kehrte  spater  zu  einem  einheit- 
lichen  Wert  x  —  1,825  zurUck.  —  W.  Froude  zerlegte  also  den  Schiffe- 
widerstand  in  den  Oberflachenwiderstand  (skin -resistance),  den  Kiel- 
wasserwiderstand  (eddy-making-resistance)  und  den  Wellenwiderstand 
(wave -making -resistance),  welch  letzterer  bei  gendgend  tief  unterge- 
tauchten  Eorpern  entf  aUt. 

Die  Reibung  befindet  sich  u.  a.  in  ^.  cie  SaintrVenanU*")  Ausbau 
der  Poncdet^hen  Theorie  beriicksichtigt.  Er  entwickelte  namlich  mit 
Benutzung  einschlagiger  Yersuche  von  du  BucU  und  Beaufay^)  die  Formel 

(248)  P-y,^'jl,7^'[^^/l^^  -lJ+0,0031S), 

in  welcher  fOr  Prismen  (i  zwischen  0,75  und  0,8  liegt  und  S  die  Ober- 
flache des  untergetauchten  Korpers  bedeutet,  an  der  eine  Reibung  statt- 
findet.  Fiir  ein  Parallelepiped  von  der  Lange  I  setzt  er*) 

1)  YoUst&ndig  yerOffentlicht  erst  von  seinem  Sohn  H.  Beaufoy:  Nautical 
and  hydraulic  experiments,  London  1834. 

2)  Report  of  the  42.  meeting  of  the  British  Association  held  ad  Brighton 
1872,  London  1873,  S.  118  f. 

3)  NeuereWerte  siehe  z.  B.  F.  Meyer  in  der  Hatte,  21.  Aufl.,  2.  Bd.,  Berlin 
1911,  S.  746;  F.  Gebers,  Schiffban  9  (1907/8),  Nr.  12,  13.  Bei  der  Schiffahrt  in 
EanUen  tritt  auch  eine  Reibung  an  den  Bettfi&chen  auf. 

4)  Paris,  M^moires  de  lacad^mie  des  sciences  (2)  44  (1887),  N.  6,  S.  174, 176. 
6)  De  Saint 'Venant  zitiert:   Nautical  and  hydraulic  experiments  1,  1834, 

S.  239. 

6)  Paris,  Mdmoires  N.  6,  S.  177. 
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(248a)  5  =  4F(^^.-2), 

fUr  einen  Zjlinder  von  der  LaDge  I  und  dem  Durchmesser  d 
(248  b)  S-4F(-^--2). 

Pflr  eine  Halbkugel^)  ware  iS  —  2jP,  fiir  eine  dUnne  senkrecht  zur  Stro- 
mung  bewegte  Platte  /S  »  0.  Endlich  gelte  fQr  eine  dUnne  Platte ,  die 
einen  Winkel  ip  zwischen  45®  nnd  90*^  mit  der  Bewegungsrichtung  ein- 
schliefit^  ohne  dafi  /t  eine  Anderung  erleide, 

(248c)  P  =  y^-  1,7  jf-,^-^-^—  -  iT. 

Fiir  9?  <  45®  nehme  die  Einschntirnng  ab  und  bore  scbliefilich  auf; 
dabei  wacbse  fi  nnd  werde  zuletzt  »  1. 

Zuverlassige  Yersuche  mit  Prismen;  die  sie  in  einem  geranmigen 
Becken  schleppten,  haben  H,  Engels  nnd  F,  Gebers  yorgenommen  und 
gefunden')^  daB  der  Gesamtwiderstand  eines  untergetanchten  Prismas  von 
qnadratischem  Qnerschnitt  den  einer  mit  diesem  Querscbnitte  dberein- 
stimmenden  Platte  erst  erreicht,  wenn  das  Prisma  annabemd  30mal  so 
lang  wie  die  Plattenkanten  ist.  Etirzere  Prismen  leisten  geringeren 
Widerstand^  und  zwar  den  geringsten  bei  einer  Lange^  die  der  doppelten 
Quadratseitenlange  gleieh  ist.  Zum  Beispiel  zeigte  sich  fiir  einen  Quer- 
schnitt  Yon  0,1  auf  0,1  m  bei  0,1  m  Tauchung  in  der  Formel 

far 

Lange:  0,1m  0,2  m  0,5  m  Im  2  m  3  m 

r-lmsec-i     g-  0,89     1,00  1,07  0,92  1,20  1,29 

t;-2m8ec-i     t=  1,01     0,82  0,97  0,97  1,08  1,20 

t)=.5mBec-i     g-  0,98     0,75  0,81  0,86  0,96  1,16 

• 

Fiir  untergetaucbte,  symmetrisch  gebaute  Eeilkorper  fand  JF'.jFVnA;') 
bei  Fahrt  in  Richtung  der  Sjmmetrieebene  nacbstehenden  Verdrangungs- 
widerstand,  zu  dem  also  noch  ein  Reibungswiderstand  hinzukame: 

a)  wenn  nur  zwei  lotrechte  rechteckige  Tafeln  vorbanden  sind,  die 
den  Winkel  2  a  miteinander  einschliefien, 

fiir  a  -  0«  bis  90^  Pa  -  1,8  sinaPgoo,  >--► 

1)  Flamant,  Hydranliqae,  8.  ^d.,  S.  687. 

2)  Schiffbftu  9  (1907/8),  S.  201,  243  f.;  Gebers,  ebenda  S.  435  f. 

3)  Civilingenieui  (2)  38  (1892),  S.  665  f. 
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fiir  a  =  90®  bis  150®,       Pa  derart  wachsend,  dafi  bei  Auftragung  die 
<->  Kurve  bei  a-  120®  bis  130®  einen  Hochel^ 

wert  von  ungef  ahr  1,2  P900  zeigt, 

fflr  a  =  150®  bis  180®,     Pa  =  ungef  ahr  P900,  well  der  Wasserkorper 
<  —>  im  Keil  wie  eine  Platte  wirkt, 

b)  wenn  aufier  den  Seitenfiachen  ein  wagrechter  Boden  und  eine 
wagrechte  Decke  yorhanden  sind, 

fUr  a®=  0®  bis  90®,  P«  =  sinaPgoo. 

Hierbei  ist  nnter  P900  der  Widerstand  verstanden,  den  eine  Platte 
Yon  der  OroBe  des  Eeilrtlckens  (also  von  der  Grofie  der  Projektion  des 
Keils  anf  eine  znr  Fahrrichtung  senkrechte  Flache)  bietet,  wenn  sie 
senkrecht  zu  sich  selbst  verschoben  wird. 

Auf  die  zahlreichen  Versuche  verschiedener  Forscher  mit  anstau- 
chenden  Eorpem  werde,  weil  sie  ins  6ebiet  des  Schiffbanes  geboren,. 
hier  nicht  eingegangen^).  Dagegen  werde  der  Znsammenliang  zwischen 
Widerstand  und  Robrreibung  beleuchtet  und  an  Aliens  Formel  (242  c) 
erinnert.  Den  Widerstand  P  kann  man  in  ibr  auch  als  Produkt  aus  einer 
Druckhohe  (Fliissigkeitssaule)  h  und  einer  mit  a'  proportionalen  Flache 
ausdrtlcken  und  hat  dann  bei  Anderung  der  Konstanten 

(249)       yfea«=c^?^^i?«-«a«t;»   oder    ^^  =  ~li (-—)*"*«'". 

if  if 

Wird  nun  noch  h  als  Drnckhohenyerlust  auf  einem  Rohrtrum  von 
Durchmesserlange  D  aufgefafit  und  als  BezugsmaS  a  der  Durchmesser  2> 
gewahlt,  so  geht  (249)  in  die  Gefallsgleichung^) 

9 


(249.)  j_-«__^(i)-^-l 


iiber.   Ftir  n^l  stimmt  (249  a)  mit  PaiseuUles  Ausdruck  (siehe  S.  26)^ 
far  n  =  V4  mit  Blasms'  Ausdruck  (siehe  S.  55)  tiberein. 

Analog  der  kritischen  Geschwindigkeit  (vgl.  (34  b))  in  Rohren  mu& 
fiir  das  Widerstandsgesetz  bei  Eugeln  das  Verhaltnis  yaV  irjg  entschei- 


1)  Yermesen  werde  anf  ^.  KrUoff  n.  C.  A,  MUller  in  Encyklop&die  d.  matbem. 
Wissensch.,  4.  Bd.,  8.  Teilband,  Theorie  des  Schiffes;  H.Lang  in  Hutte,  21.  Aufi., 
1.  Bd.,  1911,  S.  828f.;  E.  Sonne  im  Handb.  d.  IngenieurwiBsensch.  8,  Wasserban, 
5.Bd.,  4.Aufl.,  1906,  S.  61  f.  Fallyersuche  mit  Zylindem  in  Luft:  G.  Eiffel,  Re- 
cherches  ezp^rimentaleB  but  la  resistance  de  Tail,  Paris  1907;  X.  PrandU,  Zeitsch. 
f.  Flugtechnik  n.  Motorluft»chiffahrt  1  (1910),  S.  74.  Strdmnngsbilder:  F,  Ahibamy, 
Jahrb.  d.  Schiffbautechn.  Gesellsch.  5  (1904),  S.417;  6  (1905),  8.97;  10  (1909),  S.  870. 

2)  Unmittelbar  abgeleitet  von  W.  Nufielt,  Mitteilnngen  tlb.  Forschnngs* 
arbeiten.  Heft  89  (1910),  S.  5.  —  Bei  Gerinnen  erscheint  die  Tiefe  statt  D. 
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dend  sein.  J.  Zeleny  und  Z.  W,  McKeehan^)  fanden  nun  bei  annahernd 
kugelformigen  Sporen  bei  ibrem  Fall  in  Luft  nachstehende  Werte: 

Halbmesser  a  cm  0,00021  0,00048  0,0016 

yaU'.fig  0,00007  0,0007  0,02 

i7berechnet  nach  (Gl.  242a)  cm  sec"*  0,072  0,40  8,40 

U  gemessen  cm  sec'  0,047  0,28  1,76 

wahrend  genaue  Kilgelchen  von  etwa  yaU:  rjg  =^  0,1  an  der  Formel 
(242  a)  geborchten. 

114.  Wirbelbewegong  hinter  einem  Hindemis.  Bei  den  Betracb- 
tungen  Ponceleis  und  de  Saint-Venants  wurde  angenommen,  dafi  der 
Raum  zwiscben  dem  eingescbntirten  Wasserquerscbnitt  und  dem  festen 
Eorper  durcb  wirbelndes  Wasser  ausgefOllt  sei^  obne  dafi  die  Genannten 
aber  diese  Wirbel  naber  betracbtet  batten.  Erst  neuerdings  baben 
Th,  V.  Kdrmdn  und  ff.  Rubadi^  durcb  naberes  Eingeben  auf  die  ent- 
stebenden  Wirbel  eine  Metbode  zur  Berecbnung  des  Widerstandes  an- 
gewendet^  die  sebr  frucbtbar  zu  werden  verspricbt.  Der  Grundgedanke^ 
Yon  dem  dieVerfasser  ausgeben^  stammt  yon  L.Prandtl^,  welcber  aus- 
spracb^  dafi  die  Teilcben  der  Grenzscbicbt  an  der  Eorperoberflacbe^  die 
durcb  die  Wirkung  der  Reibung  einen  Teil  ibrer  lebendigen  Kraft  ein- 
gebfifit  baben,  eber  zur  Umkebr  gezwungen  werden  als  die  Teilcben  in 
der  freien  Fltlssigkeit.  Anders  ausgedr^ckt  bedeutet  dies,  dafi  bei  Vor- 
bandensein  einer  Stromung  zwar  in  nacbster  Nabe  eines  festen  Eorpers, 
die  Reibung  eine  Drebung  der  Fldssigkeitsteilcben  bervorruft,  aber  in 
einiger  Entfernung  Yom  Festkorper,  weil  die  Stromung  stets  neue  Teil- 
cben berbeiscbafft,  die  geringe  Fltissigkeitsreibung  keine  Drebung  zu 
yerursacben  yermag,  so  dafi  bier  nur  Bewegungen  wie  in  einer  yollkom- 
menen  Flussigkeit,  also  z.  B.  Ereisbewegungen,  obne  Drebung  auftreten. 

Wenn  man  zunacbst  nur  einen  Wirbel^)  mit  den  Mittelpunkts- 
koordinaten  x^,  y^  als  yorbanden  yoraussetzt,  so  mufi,  wenn  keine  Stro- 
mung der  Gesamtmasse  erfolgt,  jedes  Teilcben  die  Wirbelacbse  um- 
kreisen,  so  dafi,  wenn  die  Potentialfunktion  der  Bewegung  mit  9  be- 
zeicbnet  wird,  fQr  die  Gescbwindigkeiten  u  und  v  in  der  x-  und  y-Ricbtung 
(ygL  oben  (10  b))  ^^  ^^ 
ex  '  dy 


1)  PhyHikalische  Zeitschrift  11  (1910),  S.  78.  Die  theoretische  Begriindung^ 
gab  F.  Ndther,  Zeitsch.  Math.  Phys.  62  (1918),  S.  If.    Vgl.  oben  S.  400. 

2)  Pbysikalische  ZeitBchrifb  18  (1912),  S.  49. 

3)  YerfaandliiDgen  dee  intemationalen  MathematLker-KongiesBes  in  Heidel- 
berg 1904,  S.  484.    Zeitsch.  f.  Flogtechnik  a.  Motorloftschiffahrt  1  (1910),  S.  74. 

4)  Diese  Bewegnng  wurde  zuerst  von  H.  v.  HehnhoUz  nntersucht,  Crelles 
Journal  66  (1868),  S.  26  »  Qeg.  Abb.  Bd.  1,  S.  101.  Bis  auf  seinen  innersten 
Faden  ist  jeder  Wirbel  qnirlfrei,  vgl.  oben  S.  18. 
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gelten  mufi.  Zugleich  muB  aber  die  Differentialgleicliung  (10a) 

«rfiillt  sein.  Beiden  Forderangen  wird  mit  der  Konstanten  ^  als  ;,Wirbel- 

fltarke"  —  von  der  Dimension 

(Lange)' 

~Zeit    " 
der  Ansatz 

<250)  « /-arc  tang  J-I-^; 

gerecht^  der  also  (mit  einem  von  der  Definition  der  Wirbelstarke  ab- 
hangigen  konstanten  Faktor)  die  Losung  bildet.   In  der  Tat  zeigt  sich 


<250a)  u  - 

(250b)  V  = 

und  hiemach 


dx        ^nix  —  x.y+iy-^y^y 
d^  ?  x  —  x. 


oder 


^u  _  ^r  ^   t     2(a;  — gt)(y  — yj 
cx'^  dy  ^  2«  (a;  — a:i)*+(y  — yj* 

dx^  dy  ^ 


Aas  (250  a  und  b)  geht  eine  Umlaufgeschwindigkeit 

(250 c)  V^^+V^  -  I V^^^^^y^y  =  ,„r 

hervor,  wobei  r  die  Fabrstrahllange  vom  Wirbelmittelpunkt  bis  zum 
betreffenden  Teilchen  x,  y  bezeichnet.  Sind  mehrere  Wirbel  vorhanden, 
so  erteilt  jeder  derselben  den  Wasserteilcben  Geschwindigkeiten  u^^  v^ 
bzw.  U2,  t;^  nsw.y  die  sich  zn  Geschwindigkeiten 

M  =  Mj  +  Wj  4-  Wj  H ,    t?  —  Vi  +  t?,  +  Vs  H 

addieren,  zu  welchen  Qberdies  die  Geschwindigkeiten  einer  Stromnng 
hinzntreten  konnen.  Hieraos  folgt,  daB  Wirbel  voneinander  nicht  nnab- 
hangig  sind,  sondem  daB  jeder  Wirbel  den  anderen  scheinbar  eine  Be- 
wegung  erteilt.  Dieselben  Krafte,  welche  die  Wirbel  hervorrufen,  Uben 
ihren  EinfluB  eben  auf  die  ganze  Wassermasse  aus.  Dabei  stimmt  die 
Bewegnng  der  Wirbel  mit  der  der  Teilchen  therein,  indem  der  innere  um 
seine  Achse  rotierende  ^^Wirbelfaden^'  stets  aus  denselben  Teilchen  besteht. 
Auch  der  Bestand  einer  unendlichen  Wirbelmenge  kann  mathema- 
tisch  ausgedruckt  werden.  So  stellt  der  Ansatz 

^.    2«f/    .    ^nx 

(251)  0 « —  ,—  arc  tang         —  -  „ 

^        ^  43t  ®   .        «.  f2«y        2:ra; 

1  — ©of-    -COB-  — 
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eine  unendliche  geradlinige  Reihe  von  Wirbeln  yon  der  Starke  g  dar, 
die  je  im  Abstande^  der  ^^Teilnng'',  I  aufeinander  folgen.  Zanacbst  erfiillt 
namlicb  0  die  Differentialgleichung  (10a),  denn  es  zeigt  sicb^),  wenn 
man  die  byperboliscben  nnd  trigonometrischen  Fonktionen  in  abge- 
kdrzter  Weise  nur  &,  ^,  s  und  c  schreibt, 


2/((J*  — 1)(1  — c*)  +  l-.2(5:c+(£^ 

t    ©(c-(£)         t      @ 
21   (c— (£)•    ""  21(1  — c 

Oder 

(251  a)                        I* -I 

©in  —  ^- 
27cy               2-xx 

I-    <=«"  r 

und  bei  einer  ahnlicben  Entwickelung 

y 

1 

.     27rx 

(251b) 


^- 


ay 


1 

2^ 


sin 


(£o{ 


23ry 


cos 


2:rx 


-^ — /^  -  -.(^  -  ~(^ X  daber  wie  erforderlicb 


^'  H  -^7 


©m     7     sin  - 


—  cos 


2?rx 


)• 


Ferner  kebrt  ftir  jede  Ordinate  y  dieselbe  Erscbeinnng  gemafi  01.  (251) 
wieder,  bo  oft  die  Abszisse  x  nm  2yt  wachst  oder  abnimmt,  endlicb 
gehen  fQr  x  naheza  »  0,  2yt,  An,  . . .  und  y  nabezu  »  0  nacb  (251a) 
und  (251b)  die  Geschwindigkeiten  ilber  in 

2«y 


(251c) 


dx 


1 
21 


2  It  x*  +  y 


S7 


2nx 


"  (. + ^,r-)  -  (.  -  ^:;f ) 


in  x*'+y*' 


wonach  an  den  angegebenen  Stellen  die  gleicbe  Bewegung  berrscht  wie 
nacb  (250a)  und  (250b)  in  der  Nabe  eines  Einzelwirbels.  QL  (251)  er- 
fQllt  also  aUe  zu  stellenden  Forderungen  und  die  Gl.  (251a)  und  (251b) 


1)  Siehe  z.  B.  TT.  Ligowski,   Tafeln  der  Hyberbelfunktionen,   Berlin  1890, 
S.  100  f. 
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geben  die  Geschwiiidigkeiteii  an^  wenn  man  unter  x  und  y  die  auf  einen 
Wirbel  als  Ursprang  bezogenen  Koordinaten  yersteht. 

Fallfl  ein  sjmmetriseh  gebautes  Hindemis  die  Ursache  der  Wirbel 
ist,  indem  es  mit  seinen  Vorspr^ngen  yoraberstromendes  Wasser  in 
Drehting  yersetzt^  entstehen  offenbar  zwei  Reiben  Wirbel  entgegen- 
gesetzten  Sinnes^  welcbe  Reiben  einander  entweder  gegeniiberliegen  oder 
so  yerschrankt  sind^  daB  sich  Wirbel  und  Teilnngsmitten  gegendber- 
stehen.  Es  werde  nun  untersncbt^  ob  nur  einer  der  Yerbande  oder  beide 
moglicb  sind^  sowie  ob  die  Moglichkeit  nocb  an  bestimmte  Bedingungen 
gekniipft  ist*).  Dabei  werde  yorausgesetzt,  daB  die  Wirbel,  weil  sie  yon 
der  Stromung  fortgefuhrt  werden,  Parallelreiben  bilden  mQssen.  Diese 
Voranssetzung  bedentet  zugleicb,  daB  dasYerbalten  der  Wirbel  ein  boI- 
ches  ist,  als  ob  die  Reiben  nicht  nur  nach  einer  a:-Richtnng,  sondem 
nacb  der  positiyen  nnd  negatiyen  a:-Richtung  endlos  waren,  also  mit 
anderen  Worten,  daB  das  Hindemis  in  seiner  Wirkung  die  stromanf 
fehlenden  Wirbel  ersetzt.  Das  Hindemis  laBt  alle  Wirbel  auch  bei 
Scbwankungen  in  der  Stromnngsgescbwindigkeit  mit  der  richtigen  Or- 
dinate entsteben,  wahrend  die  Ablosung  des  Wirbels  yom  Hindemis 
nicbt  in  ganz  regelmafiiger  Folge  stattfinden  wird.  Soil  dies  die  Er- 
scheinung  nicht  storen,  so  miissen  die  Wirbel  trotzdem  in  der  Stromungs- 
richtung  wandem.  Es  kommt  also  darauf  an,  nachzusehen,  unter  welcfaer 
Bedingung  fiir  einen  Wirbel  t?  —  0  bleibt,  falls  dieser  yom  yorhergehen- 

,  ,  den  statt  um  I  um  Z  —  A  abstebt,  wobei  I 

•  o        m        (o      i6        lo,  ©ill®  sehr  kleine  Strecke  bedentet.  Fflr  einen 

!  Punkt  in  der  Reihe  im  Abstande  X  yom  Ur- 

sprunge,  also  fUr  x  ^  I,  .V  =  0  ist  nach 
(251b),  wenn  X  zwar  klein  ist,  aber  die  Abkiirzung  doch  nicht  so  weit 
yorgenommen  werden  darf  wie  in  (251  c),  wenn  der  Wirbelsinn  negativ 
ist,  zunachst 


dy^H         23r«I«  'IniV  ^l*)' 

I* 

Ist  der  betrachtete  Punkt  der  Mittelpunkt  des  abnormalen  Wirbels,  so 
ersetzt  femer  der  neue  Wirbel  den  des  Ursprungs  und  entf  allt  letzterer^). 
Dadurch  andert  sich  die  Greschwindigkeit  senkrecht  zur  Reihe  im  be- 
trachteten  Punkt  nach  (250  c)  noch  um 

27cV 


1)  Die  Entwickelung  weicht  yon  hiei  an  yon  der  Hi.  v.  KdrnuxHS  ab. 

2)  Sich  Bolbst  erteilt  der  nene  Wirbel  keine  GeBchwindigkeit. 


114.  Wirbelbewegung  hinter  einem  HiDdernis  413 

womit  sie  zu 

wird.   Fiir  die  regelmafiige  Reihe  ist  t;  »  0;  ftlr  die  Folge 

.     ,     ,      Vf     Vf     V     "f*     iCa      fr      •""     A>.      Vy      Va      •     •     • 

hat  der  abnormale  Wirbel  nach  (252)  die  Geschwindigkeit  —  ^^ ;    fQr 
die  Folire  i   i   i      i    j   j 

^-^  «     •     •     fry      Vy     l>    —~'     At  y     l/y%fjm»    •; 

welche  einer  ungeanderten  Wirkang  des  Festkorpers  entspricht,  ist  daher 
die  Geschwindigkeit  senkrecht  zur  Reihe 

(252a)  «i---6l'' 

denn  die  Yergrofierung  der  einen  Entfemung  2  um  A  und  die  Verkleine- 
Tung  der  anderen  um  A  mufi  offenbar  die  doppelte  Wirkung  einer  ein- 
zigen  Andemng  X  haben.   Liegt  nun  der  ersten  Reihe  eine  zweite  yon 
pasitivem  Wirbelsinn  im  Abstand  —  &  gegen- 
iiber,  so  erteilt  letztere  dem  abnormalen  Wir- 
bel, fiir  den  nunmehr  in  (251b)  a?  -»  A,  y  =  &  . 
zu  setzen  ist,  ebenfalls  eine  negative  Geschwin-    ^°               ;     '  T"' 
digkeit  senkrecht  zur  Reihe.    Bei  gegenfiber- 

liegenden  Reihen  ist  also  nach  dem  frdher  Gesagten  ein  regelmafiiger 
Yerlauf  der  Erscheinung  nicht  moglich. 

Anders  bei  verschrankten  Reihen.  Hier  gilt  wieder  (252  a)  fur  die 
Wirkung  der  eigenen  Reihe;  die  mit  ihr  verschrankte  liefert  aber  nach 


«  21  ^  ,2nb  nl  +  27tX        2l„,27cb    ,  2«i' 

HO]    --      — COB (£0|  ---       +COB      - 

wonach  angenahert 

^^1+^2'=^  2/«     "    2'^6   ,    ^  6V 

©of  — .-  +  1 

wird.   Hier  ist  die  Forderung  t;  =  Vj  +  t;^  —  0  erftillbar  und  gibt 

eof^f-5,    6of^  =  y3,    ^^^=1,147 

und 

<253)  6-0,3652. 

Nur  f£lr  yerschrankte  Reihen  mit  dem  Yerhaltnis  0,365  ihres  Ab- 
standes  zur  Teilung  sind  also  die  Wirbel  stabiP).   Tatsachlich  fanden 

1)  Dasselbe  Yerh&ltniB  berechnete  Th.  v.  Kdrmdn,  als  er  sBintliche  Wirbel 
bis  anf  ein  Wirbelpaar  feBthielt  nnd  letzteres  schwingen  liefi;  GK^ttingeo,  Nach- 
richten  d  GeselL  d.  WisBenschaften  1911,  S.  518. 
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V.  Karmdn  und  Rubach,  als  sie  die  Erscheinung  experimentell  unter- 
suchten  fiir  die  ersten  Wirbel  hinter  dem  Korper  b  «  etwa  0,35 1,  wah- 
rend  in  grofierem  Abstand  hinter  einem  Kreiszylinder  b  »  0^8  I  und 
hinter  einer  Platte  =»  0,305  I  war.  Dieser  kleinere  Wert  erklart  sich 
dadurch,  dafi  fdr  eine  Storung,  die  sich  wellenartig  Qber  die  Reifae  ans- 
dehnt,  wie  die  Genannten  nachweisen,  Stabilitat  fQr 

oder 

(254)  b  -  0,283 1 
ergibt. 

In  der  rc-Richtung  erhalten  die  Wirbel  von  denen  der  eigenen 
Reibe  keine  Geschwindigkeit,  wahrend  sie  yon  der  verscbrankten  Reibe 
nach  Gl.  (251a),  in  welcber  a;  ^  ^Z,  y  =  &  za  setzen  ist,  die  Gescbwin- 

©m     — 

(255)  «o=,'i^-«^/";  =  |jXai.9';* 

©Of  -y-  +  1 

bekommen.  Im  Unendlicben  hebt  sich  die  Wirknng  der  beiden  Reihen, 
weil  sie  aas  Wirbeln  gleicher  Starke,  aber  entgegengesetzten  Sinnes  be- 
steben,  auf.  Mit  dieser  Scbnelligkeit  warden  die  Wirbel  in  sonst  ruhi- 
gem  Wasser  fortscbreiten.  Stromt  aber  das  Wasser  mit  der  Geschwin- 
digkeit —  Uf  mufi  also  im  Unendlicben  dieses  —  U  herrscben,  so  stellt 
y  Uo  nur  eine  Relativbewegung  dar,  wahrend  u^-^V  die 
i        wahre  Geschwindigkeit  ist. 

**i5  r /— -r  Fiir  die  Geschwindigkeiten  u  und  v 

^  !  ^  ^ f       an  beliebiger  Stelle  in  nichtstromen- 

A^  ^^^""-^  dem  Wasser  bat  man   endlich,  wenn 

(9,  !  (o  (^ J       man  die  a;-Achse  in  die  Mitte  der  bei- 

-J-  U- 
^  i        den  verscbrankten  Reihen  legt  und  die  y-Achse  derart^ 

'        daB  ihr  Abstand  vom  nachsten  Wirbel  jeder  Reibe  ±\l 

betragt,  zufolge  (251  a)  und  (251b) 


(255  a)     w=     ^ 


21 


(255b)  «  =  -|-^ 


6in — -p—  -  ©m — ^^ \ 

^.2jcyA-7cb  ^nx-\-nl  ^,2ny—-nb  ^nx — w/  / 

(£of      yj       -cos— -^-  eo|-^^j '^--  tl      J 

,    4nx4-nl  .    ^nx  —  Ttl 

Bin  -  Bin 

2/  _  21 

_  ,2ny-\-  nb  ^nx-^-nl  -  r  2«t/  —  nb  ^itx  —  Ttl 

(5of--»-T       -C08       J--  M      ^j         -CO.— ^-j-    J 


worin  die  Nenner  sich  auch  Sof  -""p       -^  sin-"'     schreiben  lieBea. 
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115.  8tr5mung8druck  infolge  der  Wirbelbildtmg.  Der  Umstand,. 
daB  die  Ausdriicke  (255  a  nnd  b)  fUr  Wasser  gelten,  das  im  Uneudlichen 
ruht^  gestattet  aus  ihnen  ohne  weiteres  die  DruckYeranderung  nach  dem 
BemoulliBchen  Gesetz  zu  berechneiiy  bei  welchem  es  nur  axif  die  Relatiy- 
bewegung  zwischen  den  Fliissigkeitsteilchen  und  der  Begreozung  an- 
kommt.  Hat  im  Unendlichen  der  Spiegel  die  Hohe  h  fiber  der  Sohle^ 
welche  wagrecht  sein  moge,  so  betragt  an  beliebiger  Stelle  die  Spiegelhohe 


(256)  h  - 


2^ 


und  zwar  aucb  dann,  wenn  man  bei  der  ganzen  Masse  einschliefilicb 
ihrer  Grenzen  eine  Str5muDgsgeschwindigkeit  -  V  hinzuf Qgt.  Sieht  man 
von  letzterer  ab^  so  zerf allt  die  Masse  in  die  mit  Wirbeln  yersehene  und 
bewegte  auf  der  einen  Seite  des  Hindernisses  und  die  ruhende  auf  der 
anderen.  Wabrend  die  Wirbel  gemaB  Gl.  (255)  mit  Uq  fortschreiten,  eili 
das  Hindemis  selbst  mit  der  Gescbwindigkeit  +  U  den  Wirbeln  voran. 
Der  Widerstand,  den  bei  der  Stromung  —  U  das  Hindemis  dem  stro- 
menden  Wasser  bietet  (also  etwa  die  wagrechte  Kraft,  die  es  auf  die- 
Sohle  iibertragt),  wird  bei  einerseits  ruhigem  Wasser  zu  einer  AuBen- 
krafty  mit  der  das  Hindernis  geschleppt  wird.  Betrachtet  man  in  diesem 
Falle  einen  parallel  zur  y-Acbse  von  y  =  —  oo  bis  j^  »  oo  reichenden 
Wasserstreifen,  der  sich  zu  beiden  Sei-     \  ^  ^ 

ten  des  Hindernisses  ausdehnt,  so  sind     ^       ^        i^        ^  ®     ^    "  ^ 
an  AuBenkraften  die  Drflcke  •  L- .^—J 


00 


(256a)     /X  (k  -  --};-)%  -  angenahert/C*'  -  yk  ?^-^')  <ly 

—  00  —OS. 

auf  der  Wirbelseite,  ferner  die  DrUcke 

00 

(256b)  -f'-T^y 


—  00 


auf  der  Ruheseite,  sowie  der  Widerstand 

(256  c)  P 

Yorhanden.  Diese  Erafte  erteilen  dem  ruhenden  Wasser  Bewegungs- 
groBen  und  die  positiven  werden  dadurch  unterstiitzt,  daB  in  der  Zeit  dt 
die  aus  dem  Bezirke  x  ^  —  oo  stammende,  liberall  gleicb  tief  angenom- 
mene  Masse 


oo 

(j-Jhudy)dt 


—  30 
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-den  Impuls 


«0 


—  00 


^ufQhrt.   Dieser  Impuls  auf  die  Teilchen  einer  dbrigens  frei  wahlbaren 
Ordinate  und  die  Wirkung  der  unter  (256  a)  genannten  Drttcke  auf  die- 

selben  Teilchen  addieren  sich  zu 


(/'t"*  +  'iS"-^^yy'. 


jrST' 


— eo 


—  00 


worin  u  und  v  durch  (255  a  und  b)  ge- 
geben  sind.  Wahlt  man  ale  Ordinate  die 
Gerade  a;  »-  0,  so  hat  man  demnach 


(266  d) 


**  =  |j  L^""8        t ^""9  -~i J , 


'—h 


und 


(Sof 


2ny-{'  nb 


+ 


(Sof 


2ny  —  7tb 


I 


<256e)u*-^, 


2 ^. 


(Sof 


(256  f) 


also 


V 


8^ 


42' 


^27(y-\-nh 
I 

1 


(Sof 


+ 


,23ry — Tcb 


-2 


©of    ,- +(5of  ~^-  . 


+ 


;r6  h 


(257)  u^-v*- 


<lann  weiter 


-S' 


2nb\  "^ 


+ 


+ 


2(l-M-^) 


«^"     L(£0|«.^^+^        ®0r^^        (£0fi-p+M*J 


2«6     ' 


00 


<257a)    f(u'-v-)dy^-^; 


—  00 


lang  ^^^'^^  +  XaxtQ  '-*  ^'^^ 


1  — s:of 


29r& 


+ 


@in 


27tb 


^.    2«6  4jry 


Day  on,  dafi  (257  a)  tatsachlich  das  Integral  yon  (257)  darstellt^ 
kann  man  sich  leicht  durch  die  Differentiation  ilberzeugen,  bei  welcher 
z.  B.  das  letzte  Cflied  in  der  Klammer  bei  abgekQrzter  Schreibweise  seiner 
hyperbolischen  Funktionen 
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4«    1  — ©6 


I    Sy  +  Sft 

liefert.    Die  EinfQlirang  der  Orenzen  in  (257  a)  gibt  den  von  x  unab- 
hangigen  AuBdruck 

7ch  Ar    ^         /^        29r&> 


2» 


-^  [- 1  - 1  +  long  -*/  at  long  (Sang'-f*)] 


and  daher 


flO 


(267b)    fL^ay  +  rhp-^l-ay 


—  to 


—00 


—  00 

Zieht  man  bier  die  unter  (256  b)  erwahnten  GegendrQcke  auf  der  Rohe- 
seite  ab;  so  behalt  man 


^ 


(^ 


V2. 


^i.-^ 
4   ^ 


tlbrig.  —  Da  der  Eorper  mit  der  Oescbwindigkeit 
U—Uq  den  Wirbeln  Torauseilt^  entstehen  in  der  Zeit 


(P 


(258) 


T- 


U-^u. 


zwei  nene  Wirbel  und  wacbst  die  BewegungsgroSe  anf 
der  Wirbelseite  in  dieser  Zeit  genau  nm  die  eines 
StreifenSy  der  sicb  von  y  »  —  cx)  bis  y  »  oo  erstreckt  und  die  Breite  I 
hat;  also  z.  B.  von  x^  —  ^lhisx'^il  reicbt.  Die  Bewegungsgrofie  eines 
imendlich  langen  Streifens  yon  der  Breite  dx  ist 


—dx  f  udy 


oder,  wie  die  Integration  von  (255  a)  zeigt, 


g   ^n 


das  ist  identiscb  mit 


log  nat 


--2«y  +  3r6  Anx  +  nV 

^o\  — W COB  ^ 


2 


22 


^  e^ny  —  nb  ^%x  +  xl 


y»oo 


|f  =  -( 


?-  ^rfa:[lognat  e^''*^'-  log  nat  c-«''*=']  ^l^^^dx, 


9 

Torehheimer:  Hydnnlik 
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wonach  der  Zuwachs  an  BewegungsgroBe  in  der  Zeit  T 

(258a)  yj-fl^^^^r^tb 

-i' 

betragt.  Die  Zusammenfassung  Toa  (256  c),  (257  c)  and  (258  a)  gibt  die 
Impulsgleichung 

oder^  wenn  man  T  nach  (258)  ausdriickt,  als  Dmckkraft  zwischen 
Wasser  und  Hindemis 

and  auch 
(259  a)      P  = 


yh        2U*l 

h  u^ 

26                1 

< 

9          r»             ^^ 

^     Jang  -y- 

I    U 

> 

\            n^ZaxiQ  ^  J 

U^ 

Diese  Gleichung,  welche  unter  der  Annahme  entwickelt  wurde,  dafi  man 
den  Korper,  der  bis  znr  Sohle  reicht^  durch  das  Wasser  zieht^  daB  also 
P  einen  Widerstand  darstellt,  bleibt  ungeandert,  wenn  man  eine  Stro- 
muDg  —  U  hinzufugt,  also  wenn  der  Eorper  stiUsteht  and  eine  Stromung 
von  der  Gescbwindigkeit  U  ihn  triffk,  in  welchem  Falle  P  zum  Wasser- 
stoB  wird.  Nach  (259  a)  yermag  man  diesen  also  anf  Grund  von  Langen- 
nnd  Geschwindigkeitsmessungen  anzugeben.  FQr  b  » 0^365  I  (siehe 
Gl.  (253))  hat  man  beispielsweise 

P^Th.  jo,894^  -  0,833  (-^)' j  VH, 

wahrend  ffir  b  =-  0,283 1 

P  -  ^-  J0,799  -^  -  0,323  (^^)')  UH, 
herauskommt. 

Der  Wert  dieser  Gleichungen  besteht  darin,  daB  man  bei  gegebener 
Tiefe  h  ohne  schwierige  Kraftmessangen  durch  Bestimmnng  yon  Uq,  U 
und  I  den  Klammerwert  ij;^  und  damit  den  Widerstand  P  berechnen 
kann.  Hat  man  nun  fiir  eineu  Eorper  im  yoraus  P  anzugeben,  so  erhebt 
man  Mq,  Uxind  I  an  einem  kleinen  Modell.  Denn  da  bei  ahnlicher  Ver- 
groBerung  des  Eorpergrundrisses  alle  Stromungslinien  sich  ebenfaUa 
ahnlich  yergroBem,  muB,  wenn  d  eine  charakteristische  Abmessung  dea 
Korpers  —  ein  „Bezugsma6*'  —  ist,  soweit  die  entwickelte  Theorie 
liberhaupt  zutrifft, 

(260)  P-'\''-Kd 
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gelten.   Bei  einigen  Messungen  haben  v.  Ka/rman  und  MvJibcich  dieses 
quadratische  Ahnlichkeitsgesetz  bestatigt  gefunden,  und  sie  erhoben  fQr 

Flatten  von  der  Breite  d     0,80     0,20     5,5 

Zylinder  vom  Durchmesser  d     0,46     0,14    4,3 

Yon  Interesse  ist  der  Yergleich  dieser  Angaben  mit  denen  alterer 
Forscher.  Bezeichnet  man  wie  oben  in  Gl.  (241)  u.  f.  den  grofiten  Korper- 
querschnitt  hd  mit  F,  so  ware  nach  den  angegebenen  ^^ 

El 


far  Flatten       P-    IfiyF 
ftr  Zylinder     P  -:  0,92  yF 


2g^ 


wahrend  nach  61.  (241)  bis  (241b),  wenn  das  Wasser  den  Korper  cUl- 
seitig  umgab,  fQr  Flatten  P=*  1,29  bis  1,86  yF—-  und  nach  Engels  und 

GAers  far  Farallelepipede  -=  0,9  bis  l^SyF^r-  war. 


Die  Heranziehung  des  BemouUiBchen  Oesetzes  (ygl.  (256  a))  konnte 
auch,  wie  hier  beigefUgt  werde,  zu  einem  Riickschlufi  auf  den  Stau  fiihren, 
den  ein  Ffeiler  in  einem  hreiien  Strom  verursacht  ^).  In  der  Mitte  zwischen 
den  beiden  Wirbelreihen  schlangelt  sich  offenbar  eine  Stromlinie,  fQr 
deren  Wendepunkt  x^y^O  ist,  so  dafi  hier  nach  (256 e  und  f) 

2nb' 


u«  =  -f 


t?^ 


4V 
J 


oder 


2 ^ 2 - 

^0\*    ,  1  +  ®0f  — y-j 


u'+v'-^ 


gilt,  wonach  der  Spiegelunterschied  zwischen  den  Wendepunkten  und 
dem  Strom  vor  dem  Ffeiler  (s.  Gl.  (255)) 


(261) 


0  == 


^9 


2Wo> 


gXaxiQ 


,  %h 


betragen  mfifite,  welcher  Ausdruck  fiir  das  oben  (253)  ausgerechnete 
Yerhaltnis  yon  b:h  za 

(261a)  ^  = 

wird. 


3  Mo' 


1)  Bisher  unyerOffentlicht. 


27* 
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XV.  Gnmdwasserbewegnng 


XT.  Orandwasserbewegnng. 

1 16.  Das  FiltergesetE.  Man  kann  als  Ausgangspunkt  fCLr  die  Lehre 
Yon  der  Grundwasserbewegimg  Cotdombs  Betrachtung  fiber  den  Wider- 
stand,  den  bewegte  Korper  im  Wasser  erleiden  und  die  hierauf  fafiende 
Formel  (s.  oben  61.  (25))  12.  de  Pronys  ansehen.  Einen  weiteren  Schritt 
bildeten  die  Javier schen  Gleichungen  und  PoiseuiUea^)  experimenteller 
Nachweis  (s.  oben  Gl.  (14)  bis  (14h));  dafi  in  Haarrohrchen  der  Druck- 
yerlust  der  Geschwindigkeit  und  dem  inneren  Reibungskoeffizienten  pro- 
portional ist.  Auf  die  Sickening  durch  Sand  sind  PoiseuiUeB  Formeln 
nicht  ohne  weiteres  ttbertragbar,  denn  hier  sind  die  gewnndenen  Poren 
Yon  wechselnder  Weite  und  offenbar  langer  als  das  Filter  dick  ist  und 
statt  der  wahren  mittleren  Stromungsgeschwindigkeit  in  .den  Poren  kann 
man  bier  nur  die  FUtergeschtvindigkeU  u  angeben,  namlich  die  Raum- 
menge  Fliissigkeit,  die  in  der  Zeiteinheit  durch  die  Flacbeneinheit  des 
Filters  sickert.  Da  Porenlange  und  Filterdicke,  sowie  Stromungsgeschwin- 
digkeit und  Filtergeschwindigkeit  proportional  sind,  ist  freilich  anzu- 
nehmen,  dafi  Filtergeschwindigkeit  und  DruckhdheuYerlust  oder  Gef  alle 
bei  einem  Filter  proportional  sind  und  das  fand  H.  Darcy*)  in  der  Tat. 
Dabei  ist  unter  dem  DruckhohenYerlust  der  Hohenunterschied  h  der 

Spiegel  zu  Yerstehen,  die  das  Was- 


• 

1 i 

— 

h 

1 

r 

• 

> 

• 

t.. 

— 

••  •  ••  •••  .  .• 

".  •  ^ .. . •  .■ 

r 


J  beliebig 


\     ser  zu  beiden  Seiten  eines  Filters 
[     ^ixmnt,  und  unter  dem  GeTdUe  J 
dessen  Y  erhaltnis  zur  Filterdicke  I, 
also    h :  I.     Auf  den   Genannten 
folgte  Th.  Tf«/8»),  der  sich  durch 
•^>  1  Versuche  Yon  der  Proportionalitat 

tiberzeugte,  obwohl  sie  seinen  theoretischen  Ansichten  widersprach. 
G.Hagen*)  ermittelte,  aUerdings  nicht  einwandfrei,  dafi  man  bei  Sand, 
aus  dessen  TJnterflache  das  Wasser  frei  austritt,  als  Druckhohenyerlust  h 
die  um  die  kapillare  Saughohe  Yerminderte  Hohe  des  Oberwasserspi^els 
liber  der  Sandunterfiache  anzusehen  babe.  E.  DtuHaux^)  zeigte  unter  an- 
derem,  dafi  auch  bei  Sickening  durch  porige  Flatten,  und  J.  B.Bostalski^)^ 
dafi  bei  solcher  durch  Yerzweigte  Haarrohrchen  das  Yerhaltnis  der  Filter- 


1)  Ann.  chim.  ph jb.  (3)  7  (1848),  S.  62. 

2)  Les  fontaines  publiques  de  la  yille  de  Dgon  1856,  S.  690  u.  f. 

3)  Cinlingenieur  (2)  11  (1865),  Sp.  199,  202. 

4)  Handbuch  d.  WaBBerbankunst,  1.  Teil,  1.  Bd.,  8.  Aufl.,  1869,  S.  268. 
6)  Ann.  chim.  phys.  (4)  26  (1872),  S.  458. 

6)  Beibl&tter  zu  den  Ann.  d.  Phys.  u.  Chem.,  Bd.  2,  1878,  S.  677. 
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geschwindigkeit  zum  6ef alle  nnyeranderlich  sei,  nnd  darauf  fQhrten  auch 
die  Beobachtungen  Havrejss^)  bei  deren  graphischer  Darstellung  durch 
Ph.  ForcMieimer^).  Aus  Versuchen  von  F.  Sedheim^)  mit  sorgfaltig  von 
alien  fremden  Bestandteilen^  anch  den  loslichen  Silikaten^  befreitem  Quarz- 
sand  geht  ftir  letzteren  hervor,  dafi^  wenn  d  den  Dnrcbmesser  des  in  eine 
Eugel  omgeformt  gedacbten  Eomes  von  mittlerem  Gewicht  in  cm  be- 
deutet,  bei  12^  C  die  Filtergeschwindigkeit 

(262)  u  =  37,6  cPJcm  sec-^ 

ist.  Dabei  sei  nacfa  Sedheim  bei  Berechnung  des  Gef  alles  (0,58 :  d)  cm 
von  der  Dmckhohe  abzuziehen,  wenn  der  Wasserspiegel  innerhalb  der 
Sandschicht  liegt.  Ton  oder  Kreide  fange  erst  an  dnrchznlassen,  wenn 
der  Druck  eine  von  der  Scbicbtdicke  abhangige  GroBe  erreicht;  so  seien 
0,15  cm  dicke  Lagen  von  3  oder  4  Gewichtsteilen  Ton  auf  1  Wasser  fur 
150  cm  Druck  noch  undurchdringlich.  Femer  folgt  aus  Sedheims  Ar- 
beit*), daB  in  einem  Gemenge  von  TRaumteilen  Ton  (Eigengewicht  2,22) 
von  der  Zusammensetzung  Al^O,*  2Si03-f-  2,3  H^O  und  W  Raumteilen 
Wasser  fOr  T :  TT  zwischen  1%  und  2  bei  12®  C 

(262a)  u  -  0,0000013  j^j^rrTj"^^^  ^®^"  ^ 

und  daB  fiir  reinen  kohlensauren  Kalk  in  Form  geschlemmter  Ereide 
bei  12®  C,  wenn  K  deren  Raumteile  bedeutet,  ungefahr 

(262b)  u -  0,0000026  xiWT'K)'^^^ ®®^' 

gilt.  SchlieBlich  sei  fiir  ein  Gemenge  von  Ton,  Ealk  und  Sand  (S  Raum- 
teile), welch  letzterer  den  Querschnitt  im  Verhaltnis  von  W  +  T  +  K 
zu  W+  T  +  K+  S  verkleinert, 

(9({9   ^  (0,0000013  T  +  0,0000027  K)  TT*  j 


1-1 


cm  sec"* 


Umfasseudere  Versuche  mit  sehr  quarzreichem  Sand,  den  er  durch 
Siebe  in  sechs  Sorten  zerlegte,  nahm  C,  Krober^)  vor,  nach  welchem  f&r  d 
in  cm  bei  nicht  zu  diinner  Schicht 


0,8 +  cl 


(263)  «  =  173(^J)<'' 


,8+ 2d  _i 

cm  sec   * 


1)  ReYue  aoivenelle  des  mines  35  (1874),  S.  469  a.  f. 

2)  Z.  d.  Arch.-  u.  Ingen  -Ver.  zu  Hannover  32  (1886),  Sp.  689. 

3)  Zeitschr.  f.  analytische  Chemie  19  (1880),  S.  387  n.  f. 

4)  Ph.  Farchheimer,  Z.  d.Y.  deutsch.  Ing.  46  (1901),  S.  1787.  Seelkeim  aelbst 
hAt  sein  bezflgliches  Ergebnis  nicht  mathematisch  richtig  ausgedruckt. 

5)  Z.  d.  Ver.  deutsch  Ing.  28  (1884),  S.  593,  617. 
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sein  soil.  Gl.  (263)  besagt^  dafi  ftLr  feines  Eom  der  Druckhohenverlast 
so  wie  in  Haarrohrchen  mit  d^r  ersten,  und  fflr  selir  grobes  Eorn  so  wie 
in  weiten  Bohren  mit  der  zweiten  Potenz  der  Filtergeschwindigkeit  u 
wachst^  bringt  aber  nur  unyollkommen  zam  Ansdmck,  dafi  die  6e- 
schwindigkeit  bei  gegebenem  Oefalle  in  Haarrohrchen  der  zweiten  Po- 
tenz und  in  weiten  Rohren  ungef  ahr  der  Warzel  aus  dem  Rohrdurch- 
messer  proportional  ist.  Die  yerschiedenen  Beobachter^)  —  bis  auf 
Darcy,  der  ungewaschenen  Sand  benutzte  —  stimmen  in  ihren  Angaben 
ilbrigens  ziemlich  iiberein,  was  um  so  bemerkenswerter  ist;  als  sie  an- 
scheinend  nichts  voneinander  wufiten  und  nur  Darcys  Arbeit  allgemeiner 
bekannt  war.  Zum  besonderen  Yergleich  werde  der  Begriff  der  Durch- 
IdssigJceit  Jc  eingefiihrt,  namlich 
(264)  u^kJ 

gesetzt.  Die  ZusammensteUung  ergibt  mit  (2  in  cm  und  k  in  cm  see  ^ 


Yersuche  von 


Havrez 


Seelheim  'Hagen 


Seelh. 


ErOb.   Seelh. 


i_ 


EiOber 


1000(2 
k:d* 


8     15 
128     90 


16     23 
37     86 


28 
86 


48 
38 


64 
42 


68 
38 


70  90  186  810 
41  49     36     41 


In  Einklang  mit  diesen  Zahlen  steht  auch  das  Ergebnis  der  soi^- 
faltigen  IJntersuchungen  A.  Hazen^^),  der  bis  zu  Gef alien  J^  2  vor- 
schritt  und  bei  losester  SchUttung  in  reinem  Feinsand  bei  10^  C 

(265)  u  -  116 d^cm  sec"* 

fand.  Hier  erscheint  der  mittlere  Eorndurchmesser  d  durch  den  tvirk- 
samen  Komdurchmesser  (effective  size  of  grain)  d^  ersetzt^  den  Hasem 
einfQhrte,  weil  es  fiir  die  Porengrofie,  also  f Qr  die  Stromung,  mehr  auf 
die  kleinen  Eomer,  die  sich  vielfach  zwischen  grofiere  einlagem,  als  auf 
letztere  ankommt.   Er  kennzeichnet  d^  dabei  durch  die  Yorschnfb,  dafi 

samtliche  Eomer,  deren  Yolumen  kleiner  als  der  Kugelinhalt  -r-dj  ist, 

zusammen  Yi^  des  gesamten  Sandgewichtes  wiegen  sollen.  Wenn  alle 
Eomer  in  Kugeln  verwandelt  werden,  scheidet  d^  also  den  Sand  in 
Vio  kleinere  und  y^^  grofiere  Komer.  Ubrigens')  kann  bei  gleichmafiigem 

1)  Veisuche  nahmen  anch  Tor  v.  WelitschkoiDski  (Archi?  f.  Hygiene  2  (1884), 
S.  498),  E,  WoUny,  ForBchongen  auf  dem  Gebiete  der  AgrikaltarphyBik  (14  (1891), 
Si  1)  und  die  kgl.  Kandlkommissian  in  Mdnster  {H.  Lang,  Taschenbuch  HtLtie, 
16.  Anfl.  (1896),  S.  254).  Sieh  diesbez.  auch  Iii,Forckheifner,  Z.  d.Y.  deutsch.  Ing. 
46  (1901),  S.  1737,  1784,  1787. 

2)  24^  Annual  Report  of  the  State  Board  of  Health  of  MasBachusetts  for 
1892,  A.  ffazen,  The  Filtration  of  Public  Water-Supplies,  New- York  1896. 

3)  Z.  d.  V.  deutsch.  Ing.  46  (1901),  S.  1788. 
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Sand  nach  Hazen  u  bis  zu  150  d^  J  ansteigen  und  bei  ungleichmafiigem, 
dicht  gelagertem  bis  auf  60  d^  J  sinken.  Die  Gleichformigkeit  ist  also 
Ton  Belang  und  fQr  ihre  Bemessung  dividiert  der  Oenannte  den  Durcb- 
messer  des  KomeS;  welcbes  den  Sand  in  kleinere  Komer  scheidet,  die 
zusammen  0^6^  und  grofiere^  die  zasammen  0,4  des  Gewicbtes  der  ganzen 
Masse  ausmacben,  durcb  d^.  Diese  Yerbaltniszabl,  welche  er  ,,unifor- 
mity  coefficient'^  nennt,  bezeicbnet  man  wobl  zutreffender  als  Ungleich- 
fonnigkeU,  Die  deutscben  Filtersande  baben  nacb  seinen  Messungen  eine 
Ungleicbformigkeit  von  1^5  bis  2,5.  Hagen  sagt,  daB  die  durcb  Gl.  (265) 
ausgesprocbene  Proportionalitat  von  Filtergescbwindigkeit  u  und  Ge- 
f alle  J  aufbort;  wenn  d^  >  0,3  cm  ist.  F(ir  grobere  Sande  nebme,  wie 
dies  ja  aucb  Krober  bebauptet,  die  Durcblassigkeit  k  ab,  wenn  die  Ge- 
flcbwindigkeit  wacbst.  Das  ist  zweifellos  der  Fall  und  Yersucbe  yon 
U.  Masoni^)  mit  Yulkaniscben  Feinsanden  von  d^='  0,037  bis  0,055  cm 
baben  sogar  gezeigt,  dafi  aucb  bei  so  feinem  Eom  die  Gescbwindigkeit 
weniger  als  das  Gef  alle  wacbst,  wenn  man  dieses  nur  genug  groB  macbt. 
Er  erbielt  z.  B.  far  d^  -  0,055  und 

er-0,46  3,94  7,62  19,66  35,54  107,3 
t«  in  cm  sec-i  -  0,19  1,29  2,43  4,80  7,64  14,6 
iin  cmsec-i«0,42    0,33    0,32      0,24      0,22        0,14 

Das  Yerbalten  dieser  Sande  wird  ubrigens  durcb  Gleicbungen  von 
der  Form*) 
(266)  /=«aw  +  /3u» 

genauer  wiedergegeben,  wie  durcb  solcbe  von  der  Form 

(266a)  J^au?, 

Nocb  besser  kann  man  sicb  natUrlicb  bei  der  Bauweise 

(266  b)  J^au  +  fiu^+  yw» 

der  Erscbeinung  anscbmiegen  und  zwar  zeigen  sicb  in  (266  b)  alle  drei 
Eonstanten  positiy.  Recbt  auffallig  ist  die  Abnabme  yon  k  in  den 
groben  Scbottern  der  Flufialluyionen.  Scbon  0.  Smreker^)  bemerkte,  daB 
A.  Thiems^)  Messungen  am  Versucbsbrunnen  der  Stadt  StraBburg  i.  E. 


1)  Sal  moto  dell'  aqua  attraverso  i  terreni  penneabili,  Nespel  1896;  Di  al- 
cone  determinazioni  sperimentali  sai  coefficienti  di  filtrazione,  Neapel  1896. 

2)  Ph,  TorcKheimer,  Z.  d.  V.  deutach.  Ing.  46  (1901),  S.  1782. 

3)  Ebenda  22  (1878),  Sp.  117,  198;  28  (1879),  S.  347;  26  (1881),  S.  283,  363 
411,  483,  Eodergebnis  S.  489;  hierzu  A,  Thiem,  24  (1880),  S.  101. 

4)  Joum.  f.  Gasb.  u.  Waas.  19  (1876),  S.  707. 
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gegen  eine  imyeranderliche  Durchlassigkeit  sprechen  imd  er  setzte  f&r 
den  dortigen  Boden  fiir  u  =  etwa  0,001  bis  0,04  cm  sec""^ 

(267)  J-10,7ti'U  +  31,2Ml 

Ferner  fand  Ph.  Forchheimer  im  Eies  des 

Marchfeldes 

J^  l,53w  +  237 tt^  fiir  u  =  0,00031  bis  0,011  cm  sec- ^ 

Lechfeldes  bei  Gersthofen 

J'-  0,71m  +  8t**  fur  M  -  0,12  bis  1,2  cm  sec- ^ 

Grazer  Feldes  oberhalb  Graz 

er=0,033tt  +  0,79u^ 

Das  steht  in  Einklang  mit  Yersuchen  von  P.  Kresnik^),  nach  wel- 
chen  in  reinem  Sand  bei  10^  C  fQr  die  in  m  pro  Tag  (24  Standen)  aas- 
gedriickte  Filtergeschwindigkeit  u^ 

(267a)        1000  J  -  ^^^  (i-  +  ^,-;^,-^.  +  3^) 

sein  soil,  wobei  d  den  tatsachlich  wirksamen  Eomdnrchmesser  in  cm 
bezeichnet. 

t^brigens  wechselt  die  Durchlassigkeit  im  nattlrlichen  Boden  auBer- 
ordentlich,  teils  weil  sie,  wie  gesagt,  von  der  Eomgrofie  selir  abLangt 
und  diese  selten  auf  groBeren  Strecken  die  gleiche  ist,  teils  weil  schon 
kleine  Lehmbeimengungen  —  wie  auch  aus  Sedheims  Angaben  herror- 
ging  —  die  Durchlassigkeit  sehr  herabsetzen.  Auch  ist  bei  Filterrer- 
suchen  die  Durchlassigkeit  Schwankungen  unterworfen,  kann  sich  z.  B. 
in  den  ersten  24  Stunden  verdoppeln,  wenn  es  so  lange  braucht,  bis  alle 
Luft  durch  Losung  aus  den  Poren  entfemt  ist.  Sacken  des  Sandes^ 
Fortschwemmen  oder  Absetzen  yon  Lehm,  chemische  Yeranderungen 
konnen  weitere  Storungen  selbst  dann  bewirken,  wenn  man  es  yermeidet^ 
daS  sich  wie  in  Filteranlagen  eine  obere  dichte  Decke  bildet*). 

Erwahnenswert  ist,  daB  nach  F,  H,  King^)  und  Newdl*")  poriger 
Sandstein  und  wie  es  scheint  selbst  sehr  feiner  Sand  ein  gegenteiliges 
Yerhalten  wie  Grobsand  zeigen,  namlich  eine  Abnahme  yon  h  bei  abneh- 
mender  Geschwindigkeit,  z.  B.  sank  in  yon  King  untersuchten  Sanden 
aus  sehr  ungleichen  Komem  bis  zur  Staubfeinheit  herab,  wenn  das  Ge- 


1)  Ost.  Woch.  f.  d.  Off.  B.  12  (1906),  S.  142. 

2)  Vgl.  PA.  Forchheimer,  Z.  d.  V.  deutsch.  Ing.  45  (1901),  S.  1786. 

3)  WaBhington,    19^  Ann.  Report   of  the  U.  S.  Geological  Siurej  1897/B, 
Part  2,  8.  109  f.  (1899). 

4)  King  Mhrt  an:  Thesifl  on  the  Geology  of  Bradford  oil  rocka  1885. 


117.  Theoretiflche  Ableitung  des  Filtergesetzes  425 

falle  Yon  etwa  6  auf  1^2  yermindert  wurde^  der  Durchflufi  nicht  nur  auf 
Yg  des  friihereii^  sondern  um  weitere  6  bis  37  v.  H.  herab. 

Da  die  Bewegung  in  Sand  nur  eine  abgeanderte  Form  jener  in 
Haarr5hrchen  ist^  wird  sie  gleicb  letzterer  yon  der  Temperatur  beein- 
flofit.  Das  bemerkte  schon  G.  Hagen^),  der  neben  Wasser  yon  12,5^  C 
solches  yon  29,4®  G  gebrauchte  und  eine  Ergiebigkeitssteigerung  yon 
ungefahr  3  y.  H.  ftir  je  1®  C  feststeUte.  Havrez^\  der  sogar  bis  100<^  C 
hinaufging,  fand  unter  anderem  bei  dieser  Temperatur  die  Durchlassig- 
keit  im  Qrobsand  6mal  so  groB  wie  bei  0^  Sedheim^)  will  bei  t^  C  im 

Quarzsand  u  «  29,6(?(1  +  0,0136^  +  0,000704^*)  J, 
(268)    Ton  u  -  0,00000102  jr.^^d^  -  0,00224<  +  0,002038<«)  J, 

Kalk  u  -  0,0000022  ^^ '       (1  +  0,093^  +  0,0005 t'^J 

baben,  worin  W,  Tund  K  dasselbe  wie  in  (262  a— c)  bedeutet.  Bei  Ton 
ware  neben  einer  Einwirkung  auf  die  innere  Reibung  im  Wasser  eine 
solche  auf  die  Tonporen  denkbar;  kaum  zu  erklaren  ist  aber  die  starke 
Abweicbuug  des  yon  t  abhangigen  Elammerausdruckes  bei  feinem  Quarz- 
sand yon  dem  in  (14a)  yorkommenden  Ausdruck  1  +  0,0337^  +  0,00022<» 
PaiseuilleB.  Mit  den  Physikem  (und  Hagen)  genilgend  im  IJinklang  steht 
bingegen  A.  Hcusen^),  der  fiir  t^  G 

(268  a)  u  -  1 16  d^  (0,7  +  0,03 1)  J  cm  see"  ^ 

setzt 

Spater  fand  P.  Kresnik^),  daB  fiir  warmeres  Wasser  die  Durcblassig- 
keit  bei  grobem  Sand  betracbtlich  starker  als  bei  feinem  zunimmt,  daB 
namlich 
(268  b)  Tc^k^^{\  +  0,0745  {t  - 10)  Vd) 

sei,  wobei  k^^  die  Durchlassigkeit  bei  10®  G  bezeicbnet. 

117.  TheoretiBolie  Ableitung  des  FiltergesetBes.  Stromt  eine 
Flflssigkeit  durch  ein  in  der  n;-Riebtung  liegendes  Rohr  oder  Prisma 
von  beUebigem,  aber  derart  engem  Querschnitt,  dafi  die  Stxomung  la. 
minar  erfolgt,  so  gilt  fUr  die  Reibung  zwischen  benachbarten  Schichten 
nach  Gl.  (11),  weil  die  Geschwindigkeit  yon  Punkt  zu  Punkt  wecbselt, 

R^ibungswiderstand  fttr  die  Flacheneinheit  -  i?  f^ , 


1)  Handbuch,  1.  Tail,  1.  Bd.,  S.  266. 

2)  Reyue  tmiyerselle  des  xnineB  36  (1874*),  S.  607. 

3)  Zeitsch.  f.  analjtiscbe  Chemie  19  (1880),  S.  408,  409,  413. 

4)  Sonderanszng  auB  „BeporV\  S.  16.   The  Filtration  etc.,  S.  21. 
6)  Ost.  Woch.  f.  d.  Off.  B.  12  (1906),  8.  140. 
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wobei  n  senkreclit  zu  den  Schichten  gemessen  wird.  Es  werde^nun  ein 
Element  von  der  Lange  1  und  dem  Querschnitt  dy  dg  betrachtet,  dessen 
Mittelpunktskoordinaten  y  nnd  0  seien.  Ftlr  die  Seitenflache  von  den 
Ordinaten  y  +  ^dy  nnd  der  Hohe  dz  betragt  die  beschlennigende  Rei- 
^,^.^^_  ^.        bongskraft  in  der  rr-Ricbtung 

,         /du   .   d^u  dy\ 

^^•nay  +  a-y'  2-)' 

wahrend  auf  der  Seitenflache  y  —  ^dy  eine  ver- 
zogemde  Kraft 

wirkt.  Diese  beiden  Erafte  heben  sich  bis  anf 

rifyidyde 

anf.   Desgleicben  bleibt  Ton  den  Reibnngen  anf  den  Flachen  mit  den 
Koordinaten  z  ±:\dz  nur 

n^yidBdy 

iibrig.   Es  wirken  femer  Drticke  auf  die  beiden  Endflachen  dy  dz  nnd 
geben  bei  dem  Eigengewicht  y  und  einem  Gef alle  J  eine  Mittelkrafk 

yJdydz. 

Das  Oleichgewicht  in  der  a:-Richtung  yerlangt  also,  dafi 

^aj*«  ^y  ^^  +  'nj^dydz  +  yJdydz  -  0 

sei^  wonach  ffir  die  Yerteilung  der  Geschwindigkeiten  iiber  den  Quer- 
schnitt^) 

gilt.  Jede  Funktion,  fiir  die  die  partielle  Differentialgleichung  (269)  er- 
fuUt  isty  stellt  also  eine  Bewegung  durch  eine  Kapillarrohre  dar,  deren 
Begrenzung  dadurch  erkennbar  ist,  daB  fUr  dieselbe  u  »  0  sein  muB. 
Eine  solche  Funktion  ist 

(270)      -  w  -  (3a-y)(3£r«-y«)  =  9a£*-  3yjBr«+  y«-  3ay», 

falls  man 

(270a)  a  -  -//^ 

setzt;  denn  die  Differentiation  lehrt  zunachst^  daB;  wie  yerlangt, 

-  fy  -  6y  -  6a,       -'^i-  18a  -  6y, 


i)  A.  G.  areenhiU,  Lond.  Math.  Soc.  Proc.  13.(1881),  S.  43. 
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^o 


d*u 


\2a^l^ 


9 


ist.  Femer  wird  nach  (270)  w  —  0  f (ir  die  drei  Geraden 
(270b)  y-3a     und    z^±-^- 

nnd  80  folgt,  dafi  (270)  den  Dnrcliflafi  durch  ein  enges  Prisma  angibt, 
dessen  Quersclinitt  ein  gleichseitiges  Dreieck  von  der  Seitenlange  2|/3a 
bildet.  Durch  einen  Streifen  edy  flieSt 

and  daher  durch  den  ganzen  Querschnitt 

\  0  "o 

If  5  a     Wird  nun  der  Querschnitt  3 1/3  a*  mit  A  bezeich- 

i 

-  — y  net,  so  folgt  fttr  die  mittlere  Geschwindigkeit  im 
Rohrchen 


6y3 


6]/8 


0,028  87 


Da  nach  (14  f  und  g)  bei  kreisformigem  Querschnitt  yon  der  GroBe  A 


(270d) 


V 


8«       7] 


0,039  79 


J[y7 


ist,  steigt  bei  Yerwandlung  des  Dreieckes  in  eine  gleichgrofie  Ereis- 

flache  die  Geschwindigkeit  um  ungef ahr  38  Prozent. 

Die  Benutzbarkeit  yon  (270c)  gewinnt  dadurch,  dafi  J.'Bcussinesq^) 

fQr  yerschiedene  Querschnittsformen  gezeigt  hat,  dafi  geringeVerdriickung 

der  Querschnitte,  sofern  man  deren  GroBe  beibehalt,  TJ  nicht  wesentlich 

andert. 

C  jS.  Slichter  hat  dann  auch  von  ihr  ausgehend  den  DnrchfluB  dnrch  ein 
Kngelhanfwerk  abgeleitet.   Derselbe ')  denkt  sich  acht  Eageln  vom  Durclimesser  d 

1)  J.  Boussineaq,  Joum.  de  math.  (2)  13  (1868),   S.  424.    H,  Lamb,  Hydro- 
dynamics, Cambridge  1896,  S.  96,  628.    Lamb-Friedd,  S.  104,  676. 

2)  Jonm.  de  math.  (2)  13  (1868),  S.  388. 

8)  Annual  Report  of  the  United  States  Greological  Survey  19'  (1899),  S.Sll. 
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derart  angeordnet,  dafi  ihre  Mittelpunkte  die  Ecken  eines  Bhomboeders  bilden, 
deesen  Oberfl&che  ans  Rhomben  von  der  Seitenl&nge  d  und  den  Winkeln  &  bzw. 
180^  —  d  besteben.  Urn  den  Inbalt  eines  solchen  Rhomboedera  zu  finden,  bedenke 
man,  dafi  bei  einer  SeitenlSjige  1  seine  Gmndfl&che  sin  S  bet^gt,  w&hrend  seine 


Hdhe  BE  ans  dem  gleicbzeitigen   sph&riscben  Dreieck  ABB  Ton  den  Seiien- 
l&ngen  d,  dessen  sphSiriscbe  Hdbe  a  ist,  sich  zu 

Bin*}/r+Yco8tf 


sin  a  = 


1  +  cosd 

ergibt.   Bei  einer  SeitenlS.nge  d  der  Rhomben  beMgt  daher  der  Rhomboederinhalt 

sin*yT+2~coB*      .     _     ,g        „,^  .s,A— ,  i; ^ 

- — r •  sin ^ •  <J«  =  d»(l  —  cos ^)  1/1  +  2 cos 9. 

1  +  cos  d  ^  /  r     ^ 


(271) 


Von  diesem  Inbalt  fallen  die  acht  sich  beruhrenden  Eogelansschnitte  stets  den 
Teil  ^«d'  aus,  wUhrend  das  Innere  hohl  bleibt,  so  dafi  das  Verh&ltnis  des  Hohl- 
ranmes  znm  ganzen  EOrper  dnrch 

(272)  fi  =  1 ^^. 

6(1— cosa)}/l  +  2co8* 

ansgedrackt  wird.  Seine  Grenzwerte  erreicht  fi  f&r  ^  =s  60^,  in  welchem  Falle 
jede  Kugel  an  12  Stellen  Nachbarkngeln  berilhrt,  and  fur  ^  -»  90  ^,  in  welchem 
Falle  dies  nur  an  sechs  Stellen  geschieht.  Zwischen  den  Grenzwerten,  welche 
0,2696  und  0,4764  betragen,  bewegt  sich  ft  wie  folgt: 

ft»  0,26       0,28       0,80      0,82       0,34       0,86       0,88       0,40       0,42       0,44       0,46 
d  — 60*2'   61<>18'  62<»86'    64*8'   65*>87'  67^^21'  69®17'  71<'28'  74<^30'  77*10'  81«26' 

Die  schr&ge  Entfemung  der  auf  den  beiden  Rhomboedergrundfl&chen  befindlichen 

Porenenden  ist 

1  +  cos  d 


(272  a) 


mal 


sin*Vl+~2co8d 
grSfier  als  die  Rhomboederh5he  und  der  gekrummte  Weg  des  Wassers  etwa 

0,066  (I  -  S) 


(272  b) 


1  + 


»  im  Mittel  1,042  mal 


so  lang  wie  die  schrSge  Entfemung.  Den  von  drei  B(Sgen  begrenzten  Poren- 
querschnitt  denkt  Slichter  duich  ein  gleiohseitiges  Dreieck  ersetzt  und  er  sch&tit 
dessen  Querschnitt  an  der  engsten  Stelle  zu  0,087  d'  und  im  Mittel  zu  0,063  d',  alio 
um  48  Prozent  grOfier.    Er  ersetzt  nun   letzteren  Porenquerschnitt  durch  einen 
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ronden  yon  der  GrOfie  0,037(2',  wodurch  er  den  Dorchflufi  einerBeits  vermindert 

and  andererseits  gemUfi  (270  d)  am  38  Prozent  erhGht,  so  dafi  seiner  nicht  nUier 

begrOndeten  Ansicht  nach  im  ganzen  eine  Abnahme 

am  6,6  vom  Hundert  heraaskSime.   Das  gleicht  er 

zam  grOfiten  Telle  wieder  dadarch  aas,  dafi  er  die 

Porenl&nge  nach  einer  schr&gen  G^raden  statt  in 

der  Korve  mifit.   Die  engsten  Stellen  befinden  sich 

an  den  6randfl9.chen  des  Rhomboeders,  wo  zwei 

mehr  oder  weniger  zasammenh&ngende  Poren  senk- 

recht  m^den  and  aaf  jede  derselben  eine  FlSrche 

(sin^ J 

^  =  4-  (Bhombas  —  Kreis)  ==  -^^ — —  d« 

entfttllt,  and  dieses  A  betrachtet  Slichter  nanmehr  als  Porenqaerschnitt,  wSlirend 
er  als  Porenl&nge  bei  einer  Filterdicke  h  nach  dem  Gesagten 

(S72C)  I L±J^?4=ft 

sind}/l-f  2cos^ 

betrachtet.  1st  das  in  gew5hnlicher  Weise  gemessene  Filtergef&Ue  (das  ist  der 
Qaotient  DrackhOhenanterschied  darch  Filterdicke)  =»«/',  so  ist  das  PorengefHUe 
dann  hj:l  and  daher  folgt  for  die  Porengeschwindigkeit  nach  (270 d) 


1      (siniT-^jd*     ^ij,syi  +  2coBd    yJ 


83f  2  l  +  cos^  1] 

Hiei  kann  man  den  Wert  von  1  —  fi  aas  Gl.  (272)  einfCLhren  and  hat 

,  sm* _ 

^  96        smd       1-— /I   1] 

Die  Maltiplikation  dieses  U  mit  den  beiden  Qaerschnitten  A  ergibt  als  Aasflafi 
aas  einer  Bhomboedergrnndfl&che  d^  sin  d 


d<(^*-Ty  1 


96  sm  d  1  —  ^   72 

oder  als  Darchflafi  darch  die  Fl&cheneinheit,  also  als  Filtergeschwindigkeit 

(278)  M  = 


d'sin^ 


Oder,  well  7«lgcm-'  and  ri  nach  Poiseulle  hei  10 ®C  »  0,000 018 36  g  sec  cm'' 
ist,  bei  Wasser  yon  10^  C 

(278  a)  u  —  771  -  -  cm  sec"', 

X 

worin,  weil  das  Porenyerh&ltnis  /i  yom  Bhombaswinkel  &  abh&ngt,  die  anbe- 
nannte  GrOfie  %  als  Fanktion  yon  ft  angesehen  werden  kann.  Fflr  sie  berechnet 
Slichter  nachstehende  Werte^) 


1)  £benda  S.  826. 
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fi»0,26     0,28     0,S0     0,82     0,34     0,86     0,88     0,40     0,42     0,44     0,46 
x=>84,8     66,9     62,5     42,4     84,7     28,8     24,1     20,8     17,8     14,8     12,8 

Dei  Wert  der  Betrachtungen  Slichters  wird,  wie  L.  Darapsky^)  zeigt,  da- 
duTch  sehr  herabgesetzt,  dafi  auch  bei  Engeln  yon  gleichem  ft  recht  vencliiedene 
Anordnnngen  yorkommen  k5iinen. 

118.  Die  scheinbare  Tnrbulenz.  Yersuche  Ton  F,  H.  King^),  der 
seinen  Sand  leise  stampfte;  haben  dargetan^  daB  die  Formel  (273  a)  an- 
wendbar  bleibt,  wenn  man  es  statt  mit  Eugeln  mit  natOrlichem,  dnrch 
Sieben  anf  einheitliches  Eom  gebrachten  reiuen  Sand  zu  tun  hat,  wahrend 
sie  zn  etwas  kleinerem  u  fuhit,  als  die  Beobachtungen  von  SeeOieim  nsw. 
bei  Sand  yon  ungleichem  Eom  ergaben^  indem  ftir  mittlere  Beschaffen- 
heit,  d,  i.  ^  =  0,36,  x  =  28,8,  die  Gl.  (273a)  eine  Durchlassigkeit  *  =  27d* 
statt  h  —  etwa  40  cP  liefert.  Noch  groBer  ist  die  Abweichong  f&r  die 
losen  Schflttungen  Hassens.  Fiir  Feinsand  von  0,05  bis  0,08  cm  Eom 
nahm  die  Durchlassigkeit  mit  dem  GefaUe  etwas  zu,  wahrend  sie  filr 
(2  ^0,11  cm  bei  wachsendem  Gefalle  abnahm,  so  als  ob  Turbulenz  be- 
ganne.  Bei  dem  Sand  von  0,11  cm  Eom  war  aber')  das  Porenverhalt- 
nis  fi  »  0,3988,  das  geringste  angewendete  GefaUe  1 :  30,  die  Filter- 
geschwindigkeit  hierbei  u  =-  0,0216  cm  sec""^,  und  die  mittlere  Geschwin- 
digkeit  in  den  gewundenen  Poren  etwa  0,065  cm  see"  \  die  Temperatur 
17,6®  C.  Bei  dieser  Temperatur  wiirde  nach  Eeynolds  Formel  (34)  bei 
Haarrohrchen  von  der  Weite  D  m  fiir  die  Geschwindigkeit  CTkrit  msec"*, 
bei  welcher  die  Proportionalitat  von  Geschwindigkeit  und  Gefalle  anf- 
hort,  D  Ukxit  =*  0,0137  gelten;  IZkrit  —  0,065  cm  sec"^  wtb-de  hiemach 
einen  Porendurchmesser  D  von  nicht  weniger  als  20  m  erfordem.  Man 
kann  nun  nicht  annehmen,  daS  in  den  unregelmafiigen  Sandporen  die 
Bewegung  so  sehr  viel  leichter  turbulent  wird,  als  in  regelmaBigen  Hohl- 
gangen,  obwohl  freilich  Divergenz  der  Wandung  nach  Eeynolds*^)  den 
tJbergang  zur  Turbulenz  auBerordentlich  befordert  und  die  gegenteilige 
Erscheinung  in  konvergierenden  Diisen  beobachtet  worden  ist,  und  ob- 
wohl Gibson^),  wie  in  §  67  erwahnt,  fand,  daB  die  kritische  Geschwindig- 
keit, bei  welcher  sein  turbulent  eintretendes  Wasser  sich  in  Diisen  be- 
ruhigte,  die  untere  kritische  Geschwindigkeit  von  Eeynolds  mindestens 
15mal  iibertraf.  Dieser  Erklanmg  ware  namlich  entgegenzuhalten,  daB 


1)  ZeitBch.  Math.  Phys.  60  (1912),  S.  170. 

2)  Annaal  Report  U.  S.  Geol.  Survey  19*,  S.  242. 
S)  Ebenda  S.  226,  228,  285. 

4)  Proc.  of  the  Roy.  Institniion  of  Great  Britain  1884  »«  Papers  2,  S.  158. 

5)  London,  Proc.  Roy.  Soc.  83  (1910),  S.  876.  Nach  /.  Eustice,  ebenda  85 
(1911),  S.  119,  scheint  nach  Austritt  aus  einem  Bogen  in  eine  Gerade  das  Waaser 
in  dieser  schon  bei  geringer  Geschwindigkeit  turbulent  zu  werden. 


118.  Scheinbare  Turbtdenz.    119.  Artesische  Brunnen 


431 


ftlr  diyergierende  DQsen  bisher  zwar,  wie  es  scheint,  nor  eine  einzige 
Messung  von  W.  Hampel  *)  vorliegt,  dafi  nach  dieser  aber  in  einer  hyper- 
bolisch  begrenzten  Duse  yon  46  mm  Eintrittsdurchmesser  die  Wirbelung 
bei  etwa  0,05  msec^  Eintrittsgeschwindigkeit,  also  nicht  sehr  frtih,  be- 
gann.  Der  wahre  Grund  liegt  also  wohl  im  Wasserstofi  anf  die  Sandteil- 
chen,  welche  alle  auf  der  der  Stromong  entgegengericbteten  Seite  starker 
als  auf  der  abgewendeten  gedriickt  werden. 

Selbst  wenn  die  Bewegung  in  grobem  Schotter  Tor  sieb  gebt^ 
so  bleibt  sie  docb  im  wesentlicben  laminar.  Das  zeigt  sicb,  wenn  man 
eine  Salzlosung  stromendem  Grundwasser  zugieBt  und  stromab  von  Zeit 
zu  Zeit  Proben  entnimmt.  Da  die  mittleren  Stromf  aden  in  den  Poren 
rasch  yoraneilen^  wahrend 
die  seitliehen  langsam  nach- 
folgen,  steigt  an  der  Ent-  ^^Om.Cl. 
nahmestelle  der  Proben  der  ^^^  'p/ 
Salzgebalt  rasch  an  und  140  r  <y 
sinkt  dann  immer  langsa-  lOO  I 
mer  herab.  Herrscht,  wie  ^^  J 
z.  B.  in  offenen  Felsspalten,  20 
turbulente  Bewegung,  so 
fallt  hingegen  der  Salz- 
gebalt ebenso  rasch,  wie  er  frdher  stieg.  Im  ersten  Falle  ist  also,  wie 
PA.  Forchheinier*)  bemerkt,  die  Kurye,  welche  die  Zeit  zu  Abszissen, 
den  Salzgebalt  zu  Ordinaten  hat,  unsymmetrisch,  im  zweiten  symmetrisch 
gebaut. 

119.  Artesisohe  Brunnen.  EmselBohaohtbrunnen.  Dem  Yorgang 
des  Filterns  entsprechen  die  artesischen  Brunnen,  das  sind  Bohrlocher^ 
die  eine  Deckschicht  durchdringen,  unter  der  Wasser  unter  solchem 
Druck  stebt,  dafi  es  nach  deren  Durchbohrung  iiber  die  Erdoberflache 
tritt.  Als  artesisch  im  weiteren  Sinn  kann  man  auch 
solche  Brunnen  bezeichnen,  bei  denen  der  Ruhespiegel 
in  der  Deckschicht  selbst  liegt.  IstdieDurchlassigkeitJ; 
der  durchtrankten  Erde  unyeranderlich  und  die  Reibung 
imFutterrohr  des  Bohrloches  yernachlassigbar,  so  mufi, 
wie  H.  Darcy^  an  Messungen,  die  in  der  Bohrung  yon  Grenelle  gemacht 
worden  waren,  erlautert,  der  Ausflufi  Q  proportional  mit  dem  Druck- 


Stunden 


'^fr-r^c- 


1)  Technische  Blotter  40  (1908),  S.  80. 

2)  Z.  d.  5Bt.  I.  u.  A.Y.  58  (1906X  S.  201.   Yon  A,  Thiem  erhobene  Salzgebalt^ 
kurren:  Z.  d.  V.  dentsch.  lug.  31  (1887),  S.  1138. 

3)  Lea  fontaineB  publiqnes  de  la  Yille  de  D^'on  1866,  S.  156. 
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Suhea^^ 


verlust  wachsen,  das  ist  mit  der  Tiefe  der  AusfluBSffnuiig  nnter  dem 
Rahespiegel,  bis  zu  dem  dae  Wasser  ansteigt,  weim  man  d&e  Bohrrohr 
80  bocb  ^hrt,  dafi  dberhaupt  nichts  ansflieBt.  Denkt  man  sich  toq  jedem 
Steigrohrende  den  Ausflu^  Q  wi^reeht  an^etragen, 
so  erhslt  man  also  im  allgememen  eine  Gerade  and 
nur,  wenn  der  Teil  des  DruckrerluBtes,  der  wie  die 
zn-eite  Potenz  der  QeBchwindigkeit  wachst,  nicbt 
remaclilaBBigbar  ist,  eine  ParabeL  Da  der  Dmck- 
Terlast  zum  geringsten  Teil  im  Steigrohr  stattfindet 
and  die  Bohrung  die  Yersickerung  des  WaBseni  iu 
die  speiseiide  Erdschicht,  also  die  Zulaufgeechwin- 
digkeit  in  der  Erde  nicht  verandem  kanii,  ist,  wie 
Darof  bemerkt  und  darch  AnfGhnmg  Ton  Beobach- 
tnngen  belegt,  die  Bobrlocbweite  ron  geringem  EioflnB  auf  die  Er- 
giebigkeit.  Diese  kann  dagegen,  wie  die  Erfabrung')  zeigt,  dnrch  be- 
nachbarte  artesiBche  Bmnnen  stark  leiden.  J.  Dupuit*)  stellt  bierQber 
eine  Betrachtung  unter  der  Yoranssetzung  an,  dafi  mebrere  Bobrlocher 
Ton  derselben  engen  Ader  gespeist  werden.  Da  die  Zosickerung  Q  zor 
Ader,  also  deren  WasserfUbrung  nnTeranderlicb  ist,  bewirkt  eine  Ent- 
nabme  Q,  durcb  einen  artesiscben  Brunnen  mit  der  Ausflnfioffnong  0,, 
daS  stromauf  die  Standrobrspiegeliinie  oder  Drucklinie,  die  frQher  hoher 
als  0,  lag,  parallel  niederainkt,  bis  sie  durch  0^  gebt  Sie  bewirkt  femer 
stromab,  dait  das  Gefalle  der  Drucklinie  sicb  im  YerhaJtnis  des  neoen 
Dorcbflnsses  Q—  Qi  zum  alten  Darchflufi  Q  verringerL  Bedeatet  «,  die 

TT._.i__  ^..  !\rr. n   "^er  der  AuBtrittatelle  5der  Ader  und 

>er  0,,  80  gilt  also 
Q-  q,      _J, 

Dabei  stimmt  die  nrsprflnglicbe 
Drucklinie  an  der  Bohmng  0,  mit 
deren  Rubespiegel  Uberein.  Dieee 
Betracbtung  laBt  sich  beliebig  er- 
weitero.  Sind  z.  B.  drei  Bobrlocher 
Torbanden  und  bezeicbnet 
*,,  «(,  e^  die  Hohe  der  OffDungen  aber  B, 
\,hy,h^  die  Druckhohen  an  den  Offnungen, 

1)  Ebenda  S.  170,  171. 

2)  StadM  tli^oiiqnes  et  pntiqne*  hot  le  monvetneut  dee  eaux,  2.  ^d.,  Paris 
1S68,  S.  2flT.  —  Einige  Betracbtangen:  G.  J.  Ridhert,  Gnmdwaai«r,  Manch.-BM-l. 
1911,  S.  196.  —  Drnck  infolge  Oberl^erong  mit  Sand  und  Too:  A.  Tomquut, 
Joum.  f.  Qaeb.  u.  Waei.  61  (1911),  S.  9. 
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wenn  diese  Terschlossen  waren  nnd  alles  Wasser  in  B  ausflosse, 
Qi>  Q»>  Qt  ^^^  Ansfltlsse  an  den  Ofi&ivingen  0^,  Of,  0„ 

80  hat  man  entsprechend  6L  (274)  filr  die  Strecke  JBOg  bzw.  0^0^ 
and  OfOi 


(274  a) 


Q 


ft- ft- ft ??__ 


Q-Qt-Qt 
Q 

Q-Q, 
"  Q 


«i— «. 


(«.  +  *,)-(»,  +  *,)' 


and  kann  also,  wenn  alle  sonstigen  Grdfien  bekannt,  die  Ergiebigkeiten 
Qi,  Qj  and  Q,  berechnen.  DupuU  berQhrte^)  aacb  die  Frage,  wie  eine 
Bohrang  aof  eine  benachbarte  wirkt,  wenn  statt  der  schmalen  Ader  ein 
breiter  Grundwassenirom  vorhanden  ist.  Er  fand  femer,  freilicb  nicbt 
auf  strenge  Weise,  man  dfirfe  bei  einer  Strombreite  21  bei  Yorhanden- 
sein  einer  einzigen  Bohrung  Tom  Halbmesser  r,  deren  Ergiebigkeit 


(274b) 


Qi" 


log  nat  I  —  log  nat  r     hi-\-Zi 

setzen,  wobei  h^  und  e^  die  alte  Bedeutong  haben. 

Wiirde  ein  artesischer  Brunnen  yon  der  Ergiebigkeit  Q  gleichmafiig 
Ton  alien  Seiten  gespeist  werden^  so  ware  in  der  Entfemung  B  von  ihm 
bei  einer  Dicke  e  der  wasserfiihrenden  Schicht 
die  Filtergeschwindigkeit 

Q:2xBe 

nnd  daher  bei  der  Durchlassigkeit  k  der  Dmck- 
Lohenyerlust  auf  der  Strecke  dB 


<275) 


dis 


2nke   R  ^ 


Gleichen-Ebe 


wobei  B  die  Druckhohe  tlber  einer  beliebigen 
festen  Gleichenebene  bedeutet.  Da  am  Brunnen  z  zur  H5he  —  sie  lieiBe  h  — 
der  oberen  Bohrrohroffiiung  fiber  der  Gleiche  und  B  zum  Locliliaib- 
messer  r  wird,  zeigt  die  Integration  (275)^  daS  der  Dmck  vom  Bohrloch 
ab  ringsnm  nach  der  Gleichung') 


(275a) 


^-*  =  -2lre^^8^**T 


zunimmt.   In  groBerer  Entfemung  yom  Bohrloch  yerliert  GL  (275a) 
natQrlich  ihre  Giiltigkeit,  da  die  wasserfQhrende  Schicht  niemals  gleich- 


1)  Ebenda  S.  272. 

2)  Ebenda  S.  261. 

Forohheimer:  Hydraollk 
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mafiig  nach  alien  Seiten  gespeist  wird.  Auch  aus  diesem  Ausdruck  geht 
die  geringe  Bedeutung  der  Lochweite  fUr  die  Ergiebigkeit  hervor. 

J,  Dupuii^)  hat  bereits,  yon  der  Auffassong  einer  porosen  Masse 
als  verzweigtes  Haarrohrchen  ausgehend^  ausgesprochen,  dafi  bei  schwach 
geneigten  Stromfaden  die  Geschwindigkeit  in  der  Tiefe  mit  der  an  der 
Oberflache  fibereinstimme  and  nnr  Tom  Oberflachengefalle  abhange. 
Spater  hat  Ph.  Forchheimer^  dies  darch  die  Bemerknng  naher  be- 
grdndet,  dafi  Druckverluste  nnr  in  der  Stomungsrichtnng  stattfinden, 
wahrend  senkrecht  hierzn  der  Dmck  sich  ohne  Yerlust  nnr  nach  Mafi- 
gabe  der  Tiefenlage  andert.  Bei  nahezn  wagrechten  Stromfaden^  gebe 
es  also  in  lotrechter  Richtung  keinen  nennenswerten  Druckverlast  nnd 
stimme  daher  derVerlnst  langs  der  Langeneinheit  des  obersten  Fadens 
—  das  ist  das  Oberflachengefalle  —  mit  den  Druckverlnsten  in  der  Tiefe 
fast  fiberein.  Zudem  dQrfe  man  hier  die  wahre  Fadenlange  mit  ihrer 
Grundrifilange  yertanschen. 

Wenn  nun  durchlassiger  Boden  auf  einer  wagrechten  dichten  Unter- 
lage  ruht^  aber  keine  dichte  Decke  yorhanden  ist,  und  ein  runder  Schacht- 
brunnen  mit  durchlassiger  Wandung  bis  zu  der  Unterlage  hinabreicht,  so 

.       —     hat  man')  nach  dem  oben  Gesagten  statt  GL  (275) 


++v^     (276)  ^.-,«r.f 


wv^ 


nnd  daher  statt  (275  a) 


*VA?*f*WW*JiM? 


^ .  ./f-  .^       (276  a)  ^*  -  A*  -  ^.  log  nat  |  • 

Obwohl  nun  dieser  Ausdruck,  ebenso  wie  es  (275a)  tat,  in  grofierer 
Entfemung  R  seine  Gtlltigkeit  yerliert,  den  unwahrscheinlichen  Fall 
ausgenommen,  dafi  der  Brunnen  in  der  Mitte  einer  runden  Insel  liege, 
und  obwohl  er  in  der  Nahe  eines  Brunnens  im  allgemeinen  nicht  zu- 
trifit,  weil  die  angenommene  Bauweise  kaum  yorkommt,  lassen  sich  doch 
aus  Gl.  (276a)  yiele  niitzliche  Schliisse  ziehen.  A.  Thiem*),  der  zuerst 
die  Entstehung  yon  Spiegeln  nach  (276  a)  in  der  Natur  beobachtete, 
hat  denn  auch  diesen  Ausdruck  yielfach  bei  seinen  Entwiirfen  benutzt. 


1)  Ebenda  S.  280. 

2}  Z.  d.  ast.  f.  n.  A.V.  60  (1898),  S.  629. 

S)  /.  Depuit,  £tudeB  th^oriqneB  et  pratdqnes,  2.  ^d.  1868,  S.  254. 

4)  Joum.  f.  Gasb.  u.  Wase.  13  (1870),  8.  460;  19  (1876),  S.  707;  22  (1879)^ 
S.  618;  28  (1880),  S.  166,  196,  227,  696.  A.  Thiem,  Die  Wasservenorgnng  der 
Stadt  Niirnberg,  Leipz.  1879,  S.  26.  —  Siehe  auch  N.  Cueu  St,,  Nouele  ape  ali- 
mentare  ale  orafolui  Bacuiesci,  Bucuresci  1897,  S.  28;  Ders.,  Alimentarea  cu  apa 
ora^nlni  Bac&n,  Bucuresci  1898,  S.  27.  X.  Brouhan,  Ann.  d.  travauz  publ.  de 
Belgique,  6  (1900). 
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AuB  31.  (276a)  geht  herror'),  daB  bet  gleiclizeitiger  Beobacbtnng 
zweier  Paokte 
(276b)  e*  —  jff,»  -  -^  (log nat  JI,  —  log nat  H^) 

sein  mnB,  worin  Q,  iJ,,  iJ,  and  der  HohenimterBcliied  2i  — 2t  leicht 
mefibar^  also  falls  man  aDcb  die  Durchlassigkeit  1c  kennt, 
(27601  i  +  «  —  -^  log  nat  B.  —  log  nat  Jj, 

bestimmbar  ist.  Aus  der  errechneten  Summe  «j  +  n^  und  dem  gemessenen 
UnterBchied  2,  —  2,  geht  dann  weiter  z^  sowie  s^,  also  die  Lage  der  un- 
durcblassigen  Sciiicht  hervor. 

FfUut  man  ftlr  das  Spi^elgef  alle  das  Zeichen  J  ein,  bo  nimmt  (276) 
die  Fonn 
(276d)  Q  =  2aURB 

an,  au8  der  fOr  zwei  gleichzeitig  beobachtete  Punkte 
(276e)  J^B^B^  — J^R^et 

folgt.  MiBt  man  die  OberflaehengefaUe  J^,  J^  nnd  die  Abstande  R^It^ 
Ton  der  Brunnenachse,  BOwie  die  HShenunterscbiede  2,  —  «,,  so  kann 
man  also  bei  gleichformigem  Boden  und  Unabbangigkeit  der  Durch- 
lassigkeit  k  von  der  Qescbwindigkeit  die  Lage  der  undurclilBSBigen 
Scbicht,  namlicb  g^  oder  «„  dnrch  An&abme  dea  Senkungstricbters  be- 
stimmen  nnd  dann  bei  bekannter  £ntnabme  Q  sogar  die  DurcblasBig- 
keit  Ic  gemaB  (276c)  berecbnen.  Die  Ausdehnung  der  Untersncbung  auf 
mebr  als  zwei  Punkte  kann  sogar  SchlQsae  anf  die  Yeranderlichkeit 
der  Dnrcb^Bsigkeit  oder  der  Tiefenlage  der  nndurchlassigen  Scbicbt  er- 
moglicben. 

Nicht  immer  dnrcbfUhrbar  ist  es,  zwei  FumpTersucfae  mit  rerscbie- 
dener  Entuahme  genflgend  lange  durcbznffihren,  am  in  beiden  Fallen 
mit  Sicberbeit  einen  stationaren  Zustand  zu  erlangen.  Ist  dies  aber 
mogUcb,  so  bat  man  ^r  denselben  in  den  , 

zwei  Fallen,  die  dnrcb  die  Keunziffem  unter- 
scbieden  werden  mSgen, 


diilieT 

J.- 

R-     •'•- 

ft 
a«Aft,i{ 

and 

*■- 

-*.-.-^«,- 

aJfa; 

(276f) 

J 

=  (*- 

-«l):2;rS(»,-J 

1)  G.  Thiem,  Hydrologiache  Methoden,  Leiptig  1906,  S.  9;  JoniD.  f.  Ooab.  u 
Wau.  1>6  (1918),  S.  S23. 
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Da  alle  auf  der  rechten  Seite  yorkommenden  Gh-5fien  gut  meBbar 
sind,  ist  es  bei  Anwendung  dieser  Formel  leicht^  die  Durchlassigkeit  k 
ohne  Eenntnis  der  Tiefenlage  der  undnrchlassigeiL  Schicht  und  dann 
die  Tiefenlage  selbst  zu  berechnen. 

120.  Differentialgleioliung  der  station&renGrandwaaserbewegiiiig 
bei  r&uinlicher'BehandLimg.  Wird  in  ruhendes  Grundwasser  ein  Paar 
Standrohren  bis  zu  zwei  Punkten  A  und  B  yersenkt,  so  stellt  sich  in 

beiden  Standrohren  das  Wasser  gleich  hoch  ein. 
Das  geschieht  nicht^  wenn  Wasser  yon  A  nach  B 
stromt^  weil  in  diesem  Falle  in  der  Stromrichtung 
ein  Druckyerlust  eintritt^f&r  den  nach  demVorher- 
gehenden  in  nicht  zu  grobporigemBodenGl.  (264) 

u  -=»  kJ 

gilt.  Dabei  bedeutet  u  die  Filtergesehwindigkeit  oder  Wassermenge  pro 
Fiacheneinheit  in  der  Zeiteinheit^  k  die  unyeranderliche  Durchlassigkeit, 
J  das  Gefalle  oder  bei  einem  Hohenunterschied  Ah  der  Standrohrspiegel 
den  Quotienten  Ah :  AB.  Es  kommt  eben  wie  bei  der  Stromun$^  in 
Rohren  nicht  auf  die  Drticke,  sondern  auf  die  Dmckverltiste  an.  Nach 
GL  (264)  gilt  fur  die  Grundwasserbewegung  dasselbe  Gesetz  wie  fOr  die 
reibungslosen  Fliissigkeiten.  Wird  namlich  ein  rechtwinkliges  Eoordi- 
natensystem  eingeftlhrt^  ein  Punkt  x,  y,  0  angenommen,  um  ihn  herum 
ein  Bodenteilchen  yon  der  Ausdehnung  dXy  dy^  dz  abgegrenzt,  so  laBt 
sich  die  Ein-  und  Ausstromung  im  Parallelepiped  berechnen.  Im  Punkte 
X;  yj  B  besitzt  gemafi  (264)  das  Wasser  folgende  z 
Filtergesehwindigkeit  in  der  Richtung  der  drei 
Achsen 


.dh  .dh 


w 


^ 


^ 


^y  •: 


worin  h  die  Hohe  des  Spiegels  iiber  einer  unyer- 
anderlichen   Gleichenebene   bedeutet,  den 
das  Wasser  in  einem  Standrohr  annehmen 
wtLrde,  wenn  man  ein  solches  bis  zum  je- 
weilig  betrachteten  Punkt  eintriebe.  Dem- 

entsprechend  tritt  das  Wasser  in  die  zur  a;-Achse  senkrechte,  an  der 
Stelle  x  —  \dx  gelegenen  Seitenflache  des  Teilchens  mit  einer  Filter- 
gesehwindigkeit 


dx 


dx 


\cx 


dx' 


dx\ 


ein,  wahrend  es  an  der  gegentiberliegenden  Seitenflache  mit  einer  Filter- 
gesehwindigkeit 
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du    dx       ,  /dh    .   d^h     dx\ 


,   du    dx       ,  /dh    ,   e^'/i     dx\ 


austritt.  Da  beide  Seitenflachen  die  Orofie  dyda  haben^  betragt  der 
positive  oder  negative  tfberschufi  des  Anstrittes  iiber  den  Eintritt  fiir 
sie^  wie  die  Subtraktion  lehrt: 

Ahnlich  bestimmt  sich  der  Uberschufi  des  Austritts  iiber  den  Eintritt 
fiir  die  beiden  anderen  Seitenflacbenpaare  zu 

Da  nun  der  Wasserinhalt  des  betrachteten  Bodenteilcbens  weder  wachsen 
noch  abnehmen  kann,  mnfi  die  Uberschufisumme  Null  ein.  Jede  Grand- 
wasserbewegong  geht  also  so  vor  sich,  dafi  steiis 

(277)  l-f  +  ^A  +  1-.-0 

^       ^  dx*    '   oy*      OB* 

bleibt.  Diese  Gleichung  stimmt^  wenn  man  h  als  Potentialfunktion  be- 
tracbtet,  mit  der  61.  (10)  der  Bewegung  reibungsloser  Fliissigkeiten 
vdllig  Qberein.  Wenn  die  Grenzflacben  gegeben  sind^  bewegt  sicb  dem- 
nacb  in  feinporigem  Boden  GrundwcLSser  in  densdben  Emven^  die  eine 
reibungslose  FlOssigkeit  befolgen  wiirde,  senkrecht  zu  den  Placben,  fiir 
die  h  konstant  ist.  Dabei  betragt^  wenn  n  senkrecbt  zu  den  Flacben 
gleichen  Standrobrspiegels  gemessen  wird,  die  Filtergescbwindigkeit 

(277a)  ^--*f^- 

Da  bei  ibrer  Sickerung  durch  ein  Flacbenelement  dF  die  Wassermenge 
V  dF  auf  der  Wegstrecke  ds  eine  Arbeit  t-  v  ds  zur  tfberwindung  der 
Reibung  verricbtet,  wird  die  Gesamtheit  durcb  das  Raumintegral 

ausgedriickt  und  ist  daber  dem  Integral  der  lebendigen  Kraft  propor- 
tional. Aus  der  eben  bervorgebobenentJbereinstimmungder  Bewegungs- 
kurven  von  Grundwasser  und  reibungslosen  Fliissigkeiten  folgt  daber 
entsprecbend  dem  fiir  letztere  von  Lord  Kelvin  bewiesenen  Gesetze 
(s.  oben  S.  20),  dafi,  wenn  die  Grenzflacben  gegeben  sind,  sicb  Grund- 
wasser von  den  QueUen  zu  den  Senken  derart  bewegt,  dafi  die  Beibungs- 
arbeit  ein  Minimum  ist.  Es  folgt  weiter,  dafi  auch,  wenn  man  die  ge- 
ringftigige   lebendige  Kraft   fliefienden    Grundwassers   beriicksicbtigen 
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wollte,  dies  bei  gegebenen  Grenzflachen  keine  Anderang  der  berechneten 
Stromuogskuryen  zur  Folge  batte. 

121.  EinselbruxmeiiversoliiedeneTBauweise.  Eine  der  einfacbsten 
Losungen  von  (277)  und  (277  a)  stellt  der  Ausdmck 


H-h 


Q 


(278) 

dar^  in  der  R  den  Abstand  vom  Ursprung  bedeutet.  Hiervon  kann  man 
sich  leicht  flberzeugen^  indem  man  die  zweiten  Differentialqnotienten 
nach  den  drei  Achsenricbtongen  bildet  und  nachsieht,  ob  deren  Somme 
wirklich  Null  gibt.  Nach  (278)  sind  die  Flachen  gleichen  Standrohr- 
spiegels  Kugeln  um  den  Ursprung  als  Mittelpunkt  und  stromt  das  Wasser 
ihm  strahlenformig  zu.   Denkt  man  sich  einen  Brunnen  mit  halbkugel* 

formiger  Sohle,  so  ist  der  Brunnen  das  ge- 
meinschafkliche  Standrohr  samtiicher  Sohlen- 
punkte^  die  also  alle  das  gleiche  h  besitzen. 
Praktisch  laBt  sich  demnach  (278)  als  die 
mathematische  DarsteUung  der  Zustromung 
in  einen  Brunnen  von  halbkugelformiger 
Sohle  deuten^  dessen  Wandung  durch  dichtes 
Oebirge  genau  bis  zur  wagrechten  Unter- 
flache  der  dichten  Schicht  reicht  und  dem  das 
Wasser  aus  unendlichem^  gleichformigem, 
durchlassigem  Untergrund  zuflieBt.  Im  IJnendlichen  ist  die  Geschwin* 
digkeit  Null  und  bleibt  der  Spiegel  nach  Beginn  des  Brunnenbetriebes 
wie  zuYor^  wahrend  im  Brunnen  bei  einem  Brunnenhalbmesser  r  die 
Spiegelsenkung 

(278  a)  H 


r 

1 

R- 

t 

-Tt  -  - 
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wird.   Es  bezeichnet  H  die  Hohe  des  Ruhespiegels  fiber  der  beliebig 
gewahlten  Gleichenebene.   Nach  (277  a)  betragt  die  Geschwindigkeit 

dh  Q 


(278  b) 


^dB^    27cB' 


und  da  die  Halbkugel  Tom  fialbmesser  E  die  Elache  2ycR*  besitzt,  ist 
Q  die  in  der  Zeiteinheit  in  den  Brunnen  sickemde  Menge  oder  mit  an- 
deren  Worten  die  Menge,  die  man  ihm  in  der  Zeiteinheit  entnimmt. 

Wenn  die  Sohle  flach  statt  hohl  ist,  so  mufi  sich  das  Wasser  durch 
kleinere  Querschnitte  drangen,  so  daB  die  gleiche  Entnahme  wie  friiher 
einen  groBeren  Druckrerlust  yerursacht.  Auch  wird  die  Geschwindigkeit 
an  der  Sohle  ungleich,  in  der  Mitte  am  geringsten  und  am  Rande,  wo 
sich  die  Stromf  aden  zusammendrangen,  theoretisch  unendlich  grofi.  Die 
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StrSmungBlinieD  werdea  hier  n&mlich   wie  solche,  die  bei   reibungs- 

losem   AuBtritI;    darcb    eine    kreisformige   OfFDuug    eotstehsn.     Diese 

bilden,  wie  die  betrefFenden  Unter- 

sachongeu')  lebrea,  Hyperbeln,  die 

ihre  imaginiren  Achsen  in  der  Bma- 

nenachse  nnd  ihre  Brennpunkte  auf 

dem  Brunaenraad  haben,  uud  ebenda 

liegen  anclt  die  Brennpankte  der  F1&- 

cheQ  mit  gemeinsohaftliclieni  Stand- 

robrspiegel,  die  sich  aus  den  friiheren 

Kogelfl^beninUmdrehiiiigsellipaoide  ^^ 

verwaodeln.   Eb  zeigt*)  sich,  daS  flir 

jedeB  Ellipsoid  derDruckhohenyerlust  'T"^-;-  v 

(279)  if_»_5^(_«_„„t„gl) 

betragt,  worin  b  die  lotrecbte  Halbachse  bezeicbnet,  und  hiemach,  dafi 

der  gesamte  Draokverlust 

(279.)  B-K-.t 

wird.  Die  darcb  GL  (279a)  ansgesprocbene  Proportionalitat  von  Urn- 
fang  und  Ergiebigkeit  stebt  mit  Versncben  von  Tkevertet^)  im  Einklang, 
der  aber  keine  Dnrcblaasigkeitsbestimmung  gemactt  hatte;  Versuche 
Ton  Ph.  Forchheimer*)  bestatigten  die  Formeln  Qberbanpt. 

B«iebt  die  dicbte  Decke  nicht,  wie  in  (278)  bis  (279)  angenommen 
wurde,  bis  znm  unteren  Brunnenrand  hinab,  oder  ist  llberbanpt  keine 
dicbte  Decke  vorbaaden,  sondem  aller  Boden  durcblassig,  bo  wird  die 
Zustromung  in  den  Brannen  etwas  erleicbtert  und  daber 

(279b)  H-h,<^^^~    tew.   <J, 

sein,  aber  nicbt  so  Bebr,  daB  die  Gleicbungen  unbenQtzbar  wOrden.  Eine 
entgegengesetzte  Wirknng  hat  es,  wenn  die  durchUeaige  Bodenart  nicht 
his  ins  Unendlicbe  hinabreicht,  sondem  auf  ondnrcblassigem  Untetgrund 
mht;  aber  aucb  diese  Anderung  bleibt  geringfilgig,  falls  der  Abstand 
der  Brunnenscbneide  vom  dicbten  Untergrund  ein  Vielfaches  dee  Bmnnen- 
darchmessers  bet:^^ 

Filhrt  man  statt  der  lotrecbteu  Halbachse  b  die  wagreehten  Halb- 
achsen  a  der  Meridianellipsen  ein,  so  gebt  (379)  in 

1)  S.  Lamb,  H7<lrod7iiftmic8, 1895,  S.  160;  Lamb,  deutech  toq  Fritdel,  8.  ITT. 

2)  Ph.  Forchheimer,  Z.  d.  Oat.  I.  a.  A.V.  fiT  (1806),  S.  68T. 

3)  Add.  d.  pouta  et  chauM.  (6)  T  (1884'),  S.  SOO. 

4}  Z.  d.  Ost.  I.  a.  A.T.  BO  (1898),  S.  648;  6T  (1906),  S.  688. 
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oder 

oder 

oder 

(280) 


XV.  GhrundwasserbeweguDg 


Ya*  — 


tang(f-^(S-fc)) 


r 
a 


Q 


H-h 


Q  •      r 

-  -J—  arc sm  — 
2nkr  a 


iiber,  woraus  ersichtlich  ist,  wie  hoch  das  Wasser  in  Standrohren  sieigen 
wiirde;  die  man  im  Abstande  a  yon  der  Brunnenachse  bis  znr  Tiefe  der 
Sohlenebene  eintreibt.  Bei  halbkngeliger  Sohle  ware  nacb  (278)  statt 
dessen 


(280a) 


H-h 


2nkr     a' 


also  fdr  kleine  Werte  von  —  nur  wenig  verschieden  von  (280).  Das  zeigt^ 

dafi  schon  in  geringer  Entfemnng  vom  Bninnen  der  Standrohrspiegel 
von  der  Sohlenaushohlung  nnr  mehr  wenig  abhangt.  Der  Standrohr- 
spiegel bleibt  zngleich;  wie  schon  bemerkt,  fast  derselbe,  wenn  die  dichte 
Decke  entfallt  nnd  er  dadnrch  zum  freien  Grundwasserspiegel  wird. 

Filr  die  Erscheinungen  in  grofierer  Entfemnng  von  einem  Bmnnen 
ist  offenbar  nur  seine  Lage  und  die  Entnahme  aus  ihm  von  Belang,  seine 
Bauweise  aber  ohne  Einflufi.  Wohl  aber  mufi  sie  in  seiner  Nachbarschafb 
ihre  Wirkung  aafiem.  Man  kann  sich  demnach  bei  freiem  Grnndwasser- 
spiegel  und  wagrechter  undurchlassiger  Schicht  jede  Senkung  aus  zwei 
Teilen  zusammengesetzt  denken,  jener,  die  eintreten  wUrde,  wenn  der 

Brunnenschacht  mit  durchlassigen  Wan- 
den  auf  der  undurchlassigen  Schicht 
standC;  und  der  zusatzlichen  Senkung^ 
die  hinzukommt;  wenn  der  Brunnen  nicht 
so  tief  reicht.  Letztere  mufi  mit  ersterer 
wachsen  und  zwar  fajid  Ph.  ForcM^imer^) 
durch  Versuche  fUr  einen  nicht  bis  zur  undurchlassigen  Schicht  reichen- 
den  Brunnen  mit  durchlassender  Wandung^  aber  verschlossener  Sohle 


(281) 


Hierin  bedeutet  H  die  Hohe  des  ungesenkten  Spiegels,  ff  die  des  ge- 
senkten  Spiegels  im  seichien  Brunnen,  h  die  des  gesenkten  Spiegels  im 


1)  Ebenda  60  (1898),  S.  646. 
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hinzugedachten  Yergleiclisbruimen,  t  die  Tauchtiefe  oder  den  Wasser- 
stand  im  Bmnnen  selbst.  Bei  offener  Sohle  hat  man  bei  einem  Bmnnen- 
durchmesser  2r  statt  dessen 

trbrigens  miissen  die  beiden  Formeln,  die  man  meist  in 

(281b)    |=|_y||ozt„.]/r*i:|CE: 

verwandeln  darf,  offenbar  noch  anwendbar  bleiben,  wenn  der  durch- 
lassige  Teil  der  Wandung  zwar  die  Hohe  t  besitzt,  aber  nicht  zu  oberst, 
Bondem  an  beliebiger  Stelle  des  im  iibrigen  dichten     ^^wv^/w — ijrv^^v^vMWf 
Brunnens  angeordnet  ist.  ^j^^^^-l  _j_^_^^^-  _ 

Taucht  eine  gelochte  Rohre,  die  als  unendlich  j  " 

diinn  betracbtet  werde,  t  tief  in  unendlich  tiefes  ^    j^ 

Grundwasser^),  dessen  Spiegel  auch  beim  Betrieb  ■      j 

als  wagrecht  betracbtet  werden  diirfe,  so  werden,  ,  -*'"^'*^'-v-r-r-T-T-.T*r-r^, 

wie  sich  zeigen  laSt,  die  Stromungslinien  wieder  Hyperbeln^  die  aber 
zum  Unterscbied  von  jenen  des  Brannens  mit  flacber  Soble  ihre  Scheitel 
auf  der  Brunnenachse  und  ibren  gemeinschafUichen  Mittelpunkt  im 
Spiegel  baben.  Bezeichnet  x  den  Abstand  von  der  Achse^  e  die  Tiefe 
nnter  dem  Spiegel^  h  die  reelle  Halbachse  einer  Hyperbel,  9)  den  Winkel 
zwischen  deren  Asymptote  nnd  der  Achse^  so  lautet  die  Gleichung  der 
betreffenden  Hyperbel 
(281c)  __^.  +  £;  =  l 

und  gilt  zugleich 

tang  (p  =  - — , —     Oder    cos  9>  ===  y  • 

AuS  einer  vom  Hyperbelmittelpunkt  aus  beschriebenen  Kugel  von  un- 
endlich groBem  Radius  B  schneidet  der  Asymptotenkegel  vom  Winkel  9 
eine  Haube  vom  Flacheninhalt 

(281  d)  jP  =  2%R\1  -  cos  <p)  -  27tB^  (l  -  y) 

heraus.  t)a8  aus  dieser  Haube  stammende  Wasser  fliefit  zwischen  den 
Punkten  t  und  h  in  die  Lochrohre.  Bei  Anderung  von  F  zeigt  sich 

(281  e)  dF ~^dh. 

Da  hiemach  auf  gleiche  Rohrenstficke  dh  gleiche  Speiseflachen  dF  im 
Unendlichen  entfallen,  erfolgt  die  Zusickerung  gleichmdfiig  langs  der 
Rohre. 


1)  Bisher  nnverCffentlicht. 
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XV.  GnindwaBserbewegung 


122.    DurohiasBigkeitsbestimmnng    duroh    BetriebBeinstellung; 
SUmpfang  der  Bangraben.  Es  wurde  oben  zu  61.  (279  b)  bemerki^  daB 

schon  in  geringer  Entfemimg  yon 

— _     einem  dichtwandigen  Brunnen  die 

r^    Spiegel  etwaiger  Standrohre  nahezu 

der  Gl.  (278a)  gehorcheDy  auch  wenn 

keine  dichte  Decke  yorhanden  ist, 

wenn  also  ein  freier  zusammenhan- 

gender  Spiegel  alle  Standrohre  er- 

setzt.  Hat  man  durch  andauemden 

Betrieb   einen  stationaren  Zustand 

erreicht^  so  kann  man  in  diesemFalle 

ji^pi»<rwf /<.v*w^*-v '.*v^ vr\t'.*v:-v ^li^^-y y -jihw^ ^w^^v^^gw     daher,  wenn  man  unter  z  die  Tiefen- 

i  lagen  der  Spiegelpunkte,  unter |)  die 

Tiefenlage  der  Brunnenschneide  unter  dem  Ruhespiegel  bei  Entnahme 
yon  Q  yersteht,  nach  (278) 

(282)  H^h-^z- — .1^_-^- 

als  die  Meridiangleichung  des  Senkungstrichters  anseben.  Es  folgt  hieraus 


^'  +  (P  —  ^)* 


«• 


47r«A;*« 


und  fUr  den  Inhalt  Jitx^de  des  Senkungstrichters  der  Ausdruck 

Bei  plotzlicher  Betriebseinstellung  wird  dieser  Trichter  dadurch  gefullt, 
daB  unter  der  Wirkung  des  Spiegelgef alles  ihm  zunachst  die  firOhere 
Menge  Q  weiter  zufiieBt^  aUerdings,  wie  sich  bei  spateren  Betrachtungen 
zeigen  wird,  nur^  wenn  die  undurchlassige  Schicht  nicht  allzutief  liegt. 
Steht  daher  zu  den  Zeitpunkten  t^  und  t^  der  Brunnenspiegel  g^  bzw.  z^ 
(Iber  der  Schneide^  hat  die  Bodenart  das  Porenyerhaltnis  ft  und  betragt 
der  SchachtauBendurchmesser  Dj  der  Innendurchmesser  d,  so  gilt,  weil 
sich  auch  der  Schacht  innerhalb  des  Mauerwerkes  f&Ut, 

(282a)    <2(<,-^,)-J^^.(l-l)-^''[(p-.,)»-(p_.,).] 

wonach  sich  h  berechnen  laBt^). 

Bei  tief  reichenden^  nur  an  der  Sohle  offenen  Rohren,  bei  welchen 
die  umgebende  Spiegelflache  yom  Druck  an  der  Brunnensohle  kaum 


1)  Fh.  Forchheimer,  ebenda  57  (1906),  S.  690. 
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mehr  abhangt  und  nicht  mehr  als  Standrohrspiegel  der  tiefliegenden 
Wasserfaden  anfgefaBt  werden  kann^  verliert  der  Ansdrack  (282  a)  seine 
OtLltigkeit.  Hier  hat  man,  sofem  durch  den  Ban  die  Bodenbeschaffenheit 
nicht  zu  sehr  geandert  warde,  nach  (279  a)  die  Spiegelsenkung  im  Brunnen 

(282  b)  fl  -  A  =  -?-  ~;       I    L  .  ■ 

^  ^  '^       4ikr  LngeseML  Spiegel 

11  I  .jn 

nnd  bei  plotzlichem  Einstellen  kurzdauemden  Pum- 
pens^  weil  das  Drangwasser  fast  ganzlich  vom  Schacht  selbst 
anfgenommen  wird,  in  der  Zeit  dt 

nnd,  wenn  man  Q  nach  (282  b)  ausdrUckt, 


,,       nr     d\ 
4  a;  H — /». 


H-k, 

I 
I 

...1 


u 


2r 


HierauB  folgt  durch  Integration,  wenn  zur  Zeit  t^  die  Senkung  H—\ 
and  zur  Zeit  ^  die  Senkung  H—h^  betragt,  die  Durchl&ssigkeit 


(283) 


nr 


*  "*  r/r^-T\  log  ^**  IT  -i*  • 


Eine  Betrachtung  allgemeiner  Natur  ist  die  folgende^).  Denkt  man 
8ich  eine  kleine  Baugrube  1  und  eine  zweite  nmal  so  groBe  Baugmbe  2 
(wobei  nur  die  Raume  unterhalb  des  ungesenkten  Grundwasserspiegels 
zu  beachten  sind)  und  ahnliche  Wasserbewegung  in  beiden  Fallen,  so 
entsprechen  einander  gleiche 
GefaUe  und  daher  gleiche  Ge-  "^1^'|^  R^SS^J^^-    YZ.  ri Wasserspkgei      ''"''' 

schwindigkeiten.      Die    Ein-         p''='»>t>tt4t^         ^^^*''***^'>*^  ^^ 

trittsflachen  von  Grube  2  sind         L,. , ^  L*. nb^*7!^...^' 

nun  n'-mal  so  grofi  wie  die 

Ton  Grube  1;  es  dringt  also  n^-mal  mehr  Wasser  in  Grube  2  als  in  1 
ein,  wobei  aber  der  Ahnlichkeit  wegen  auch  die  Spiegelsenkung  in  2 
das  n-fache  yon  jener  in  1  betragt.  Wenn  nun  aber  in  der  grofien 
Grube  nicht  die  n-fache,  sondem  die  gleiche  Senkung  h  wie  in  der 
kleinen  herrschen  soil,  so  braucht  man  aus  ihr  nur  ein  n-tel  Yon  der 
eben  betrachteten  Menge  zu  schopfen  und  sogar  noch  etwas  weniger, 
wenn  zudem  die  grofie  Baugrube  nicht  n-mal  so  tief  als  die  kleine, 
sondern  nur  ebenso  tief  ausgehoben  worden  ist.  Hiemach  wachst  bei 
VergrofieruDg  der  Flache  einer  Baugrube  unter  Beibehaltung  derselben 
Form  der  Wasserzudrang  nicht  starker  als  die  Langen.  Bei  dieser  Be- 
trachtung wurde  angenommen,  daB  ein  Dauerzustand  eingetreten  sei,  daB 
man  namlich  gerade  soviel  schopft,  wie  hinzuflieBt.   Geht  man  nun  auf 


1)  Fh.  Farehheimer,  ebenda  67  (1905),  S.  691. 
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den  Fall  Tollkomnieiier  Ahnlichkeit^  also  den  einer  Senknng  nh  in  Baa- 
grube  2,  zuruck,  so  nimmt,  well  die  Geschwindigkeiten  entsprechender 
Punkte  einander  gleich  werden,  wahrend  entsprechende  Langen  im  Ver- 
haltnis  n  zneinander  stehen,  der  Spiegel  im  Gelande  2  erst  nach  Ablanf 
einer  rom  Beginn  des  Pnmpens  an  gemessenen  Zeit  nt  die  Gestalt  an, 
die  er  im  Gelande  1  schon  nach  der  Zeit  t  besafi.  Zur  Erreichang  einer 
ahnlichen  Form  des  gesenkten  Spiegels  ist  also  in  2  wahrend  der  n-fachen 
Zeit  fortdauemd  n^-mal  soviel  Wasser,  also  ingesamt  n'-mal  soriel  zu 
pumpen  wie  in  1.  Bezeichnet  man  die  bis  zur  StLmpfung  der  Bangrabe  1 
insgesamt  gehobene  Wassermenge  mit  Q  nnd  den  Zeitanfwand  mit  T, 
so  wird  die  (f»-fach  tiefere)  Baugrube  2  erst  nach  der  Zeit  nT  und  der 
Waltigung  einer  Menge  n^  Q  bis  zur  Tiefe  nh  trocken  liegen.  Nun  sinkt 
erfahrungsgemafi  bei  gleichmaSigem  Pumpenbetrieb  der  Spiegel  erst 
sclmeU  und  dann  immer  langsamer.  Begnfigt  man  sich  daher  in  der 
Grube  2  mit  einer  Senkung  h  statt  nhf  so  erfordert  dies  nicht  die 
Hebung  yon  insgesamt  n^Q  :n  ^  n^Q,  sondem  weniger  (und  daher, 
wenn  man  trotzdem  die  Pumpen  in  der  Zeit  T  die  Menge  n*  Q  heben 
lafit^  nicht  die  Zeit  n^T,  sondem  weniger  Zeit).  Der  frQhere  Ausspruch 
muB  daher  so  erweitert  werden:  um  in  ahnlichen  Baugruben  die  Spiegel 
unter  im  tLbrigen  ahnlichen  Umstanden  in  ahnlichen  Zeiten  gleich  stark 
zu  senken,  ist  die  Hebung  von  Wassermengen  erforderlich,  deren  Ver- 
haUnis  zwischen  dem  der  Langen  und  dem  der  Fldchen  liegt.  Nach  Bin- 
tritl  des  Dauerzustandes  verhalten  sich  die  Zufliisse  wie  die  Langen, 

123.  Die  Btationftre  Farallelstrbmung.  Nimmt  man  mit  J.Dupuit 

an^  dafi  die  Filtergeschwindigkeit  v  nur  vom  Oberflachengefalle  und 
zwar  Yon  der  Tangente  statt  vom  Sinus  des  Neigungswinkels  abhange, 
so  gilt  f&r  Grundwasser^),  das  sich  nach  der  y-Richtung  uber  wagrechten, 
dichten  XTntergrund  bewegt,  wenn  z  die  Hohe  des  Spiegels  fiber  diesem 
und  q^  die  Sickermenge  in  der  Zeiteinheit  unter  einem  Gelandestreifen 
yon  der  Breite  ^^Eins^'  bedeutet, 

(284)  «  =  *§;, 

/ciQA    \  •.  zdz        k  d{z*) 

(284a)  q^^vz^k-^-^  ^2    dy' 

Die  Integration  liefert^  falls  an  der  Stelle  y  =-  0  die  Tiefe  z  ^\  wer- 
den soU^  sofort 
(285)  ^»_v=.!|oy. 

Dieser  Ausdruck  steUt  den  Zulauf  eines  Grundwasserstromes  in  ein 


1)  /.  Bupuit,  ^ttides,  2.  ^d.  1863,  S.  236.  Yersnche:  /.  M.  N.  Ptnnink,  Johixl 
f.  Gasb.  u.  Wass.  60  (1907),  8.  69  nach  De  Ingenienr  1905,  Nr.  80. 


122.  StLmpfong.     123.  Station&re  ParallelstrOmang 
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offenes  Gewasser  dar^  das  bis  zur  undorchlassigen  Schicht  hinabreicht. 

dz 
Ist  das  Bett  nicht  so  stark  eingetieft,  so  yerlauft  allerdings  das  Gef  alle  ^  - 

in  Ufernahe  etwas  steiler  als  nach  (285),  wahrend  in  einiger  Entfemnng 
Yom  Ufer  (285)  mit  entsprecbend  grofierem  h^  noch  anwendbar  bleibt. 


^■y- •J 


1st  der  XJntergrund  unter  i  geneigt  statt  wagrecht  und  werden  die  z 
Yon  ibm  aus  gemessen,  so  hat  man  an  Stelle  von  Gl.  (284) 

(286) 


and  daher 


oder 


'-'{'+s 


dy/ 


% 


»(''  +  ^1r) 


dyl 
2o  —  **^        q^^—kiz 


—  de 


oder  nach  Integration 

iy  =  —  l^-  log  nat  (^o""  kia)  —  a  +  konst. 

Man  kann  bier  die  Hoben  A^  nnd  H  an  der  Mtlndung  (y  «  0)  des  Grand- 
wasserstromes  and  an  seinem  Ursprung  im  Unendlicben  (y  »  oo)  als 
gegeben  betracbten  und  erbalt  dann  fOr  die  Stan-  oder  Senkangskurve 
(entsprecbend  jenen  der  offenen  Laufe),  weil 


(287) 
sein  mafi, 

(287  a) 


k% 
iy  —  H  log  nat  jj~f  —  (xr  —  ho). 


AuBer  dem  Zuflufi  kann  eine  Versickerung  Ton  der  Erdoberflacbe 
ber  stattfinden,  wobei  oberbalb  des  Grnndwasserspiegels  das  Sicker- 
wasser  obne  Drack  wie  in  anzabligen 
offenen  Lanfen  flieBt,  wabrend  anterbalb 
des  Spiegels  alle  Poren  yoU  sind,  also 
Drack  wie  in  Robren  berrscbt.  Betragt 
an  der  Stelle  y  »  0  der  Zulauf  nnter  den 
Gelandestreifen  Yon  der  Breite  ,,Eins^^  q^ 
and  Yersickem  Yon  der  Flacbeneinbeit  Gelande  in  der  Zeiteinbeit  q^y  so 
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yermehrt  sich  der  Durchflufi  q  auf  der  Strecke  dy  um  q,  dy  und  gilt 
daher  bei  wagrecliter  undurchlassiger  Scliicht 

dq^d{lcz-^=^q,dy 
oder 

2     dy*    ~'^' 
oder 

(288)  z^-^y^+c,y  +  c,, 

Es  hat  keine  Schwierigkeit^  wenn  z.  B.  von  irgendeiner  Stelle  y^  die 
Wassertiefe  0^  und  an  einer  anderen  (oder  derselben)  y^  der  DarchfluB  q^ 
gegeben  ist^  die  Eonstanten  c^  and  c^  zu  berechnen^  denn  dann  gilt 

(288  a)  V=Tyi*+«iyi  +  c. 

und  zugleich;  weil 


A;  d{z*)        k  /2gf,       ,       \ 


dy 
ist, 

(288b)  52  =  (?.y2  +  -2^. 

Wenn  der  QtierschniU  verdnderlich  ist^  die  Stromung  also  eigentlich 
nicht  mehr  in  paraUelen  Lotebenen  erfolgt^  so  konnen  doch  meistens 
die  Grundgleichungen 
(289)  v^kJ,     Q^  vF, 

worin  J  das  Oberflachengef alle,  Q  den  Durchfiufi,  F  den  durchflossenen 
Quersclinitt  bezeichnet,  noch  beibehalten  werden.   Fflr  eine  unter  i  ge- 

neigte  scharf  kantige  Furche  in  undurchlassigem  Unter* 
]     grund  hat  man  z.  B. 

I     (290)  Q^k{i  +  ^^)a0*, 

worin  z  die  Hohe  des  Spiegels  tLber  dem  tie&ten  Punkt  des  betreffenden 
Querschnittes  und  a  eine  Ton  der  Neigung  der  Furchenseiten  abhang^ge 
unbenannte  Zahl  bedeutet.  Es  folgt  aus  (290) 

.  ,  kiaz*       -,  Qdz  , 

(290a)         iy  =  -- 1/.  ^  log  nat  -  -  -^^—  -  z  +  konet. 


Filr  eine  wagrechte  Furche  oder  i  =  0  laBt  sich  librigens  01.  (290)  noch 
einfacher  integrieren. 
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Den  Umstand,  dafi  sicli  Grundwasser  in  denselben  Kurven  wie  eine 
reibungslose  Fltlssigkeit  bewegt,  kann  man  zur  Losung  von  Anfgaben 
benntzen,  bei  welchen  das  Wasser  in  parallelen  lotrechten  Ebenen  kon- 
gmente  Wege  zurtlcklegt.  Sind  jene  Ebenen  parallel  znr  ar-Achse,  bo 
vereinfacht  sich  Gl.  (277)  zu 

(291)  P  +  13  =  0, 

und  so  stellt  jede  Funktion  yon  y  und  z,  welche  dieser  Differentialglei- 
chung  entspricht^  eine  Grundwasserbewegung  der  betrachteten  Art  dar. 
Aus  der  tTbereinstimmung  mit  der  reibungslosen  Bewegnng  folgt 
ferner,  weil  die  Strdmnng  senkrecht  zu  den  Knrven  gleichen  Standrohr- 
spiegels  (h  »  konst.)  yor  sich  geht,  dafi  diese  Kuryen  und  die  Stromungs- 
linien  ihre  Ebene  in  lauter  unendlich  kleine  Rechtecke 
zerlegen.  Bezeichnet  man  die  Seiten  eines  solchen  Recht- 
ecke langs  der  Stromung  mit  dn  und  quer  zu  ihr  mit  dSy 

BO  betragt  das  Gef  alle  j-  und  daher  bei  der  Durchlas- 

sigkeit  k  der  DurchfluB  durch  ein  Parallelepiped,  wel- 
ches das  Rechteck  zur  Basis  und  die  Langeneinheit  zur  (wagrechten) 
Hohe  hat, 

(292)  dq^h^ds. 

Zieht  man  nur  jene  Stromungslinien,  zwischen  welchen  gleiche  Mengen 
durchfliefien,  und  nur  jene  Standrohrlinien,  zwischen  denen  die  h  gleicb 
grofi  sind,  so  ist  zufolge  Gl.  (292),  weil  auch  k  konstant  ist,  ftlr  alle 
Rechtecke  das  Yerhaltnis  ds :  dn  dasselbe.  Wahlt  man  also  dq  und  dh 
derart,  daS  ein  Rechteck  zum  Quadrat  wird,  so  geschieht  das  namliche 
mit  alien  Rechtecken. 

Diese  Eigenschaft  des  Euryennetzes  ermoglicht  es,  das  yon  Th.Forch- 
heimer  fUr  t^berf alle  angegebene  Yerfahren  auch  auf  Grundwasserfragen 
zu  tLbertragen^).  Zur  Erlauterung  sei  ermittelt,  wieyiel  Wasser  zwischen 
einer  Felsflache  und  einer  Wehrgrundmauer,  die  nicht  bis  zum  Felsen 
reicht,  durchtritt.  Man  beginnt  damit,  die  Grundmauer,  deren  Begren- 
zung  eine  Stromungslinie  bilden  mufi,  mit  einer  Linie  zu  umziehen  und 
den  Streifen  zwischen  dieser  und  der  Mauerbegrenzung  in  (angenaherte) 
Quadrate  zu  zerlegen,  die  demnach  untereinander  nicht  gleiche  Seiten- 
lange  besitzen.  Nun  ist  hiermit  auch  die  nachstfolgende  Reihe  ange- 
naherter  Quadrate  gegeben,  durch  die  man  wieder  eine  Stromungslinie 
erhalt;  wenn  man  so  fortf ahrt,  gelangt  man  schlieBlich  zu  einer  Kurye, 

1)  Geachah  durch  Ph,  Forchheimtr  bei  Erstattung  eines  GutachtenB  an  da& 
K.  Bayerische  StaatsminiBterium  fur  Verkehrsangelegenheiten  1911. 
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welche  im  allgemeinen  die  Felslinie  Bchneiden  wird,  statt  mit  ihr  zu- 

sammenzuf alien.    Man  andert  nun  die  dUererste  Kurve  so  lang^  bis  die 

letele  mit  der  Felslinie  Qbereinstimmt  and  kennt  nunmelir  die  Stromnng. 
Sind  iwnlich  tiach  der 
Zeichnong  zwiscbenWelir- 
eoble  nnd  Fels  m  Stro- 
nmngsstreifen  Torhanden 
ncd  zwiachen  der  FluB- 
soble  im  Ober-  nnd  Unter- 
waeaer  n  Quadrate,  so  be- 
tragt  bei  einem  Hohen- 
unterscbied  h  vom   Ober- 

uad  UnterwaBserepiegel  der  Dnickverlust  dnes  Quadrates  h  :  n,  also  bei 

einer  Seitenlange  s  sines  bestimmten  Quadrates  das  Gef  alle  daselbst 
h:ns, 

vonacb  durcb  dieses  Quadrat  pro  senkrecbt  zur  Zeichnui^;  gemesseoe 

Langeneinheit  in  der  Zeiteinheit 

k  ■  s  •  h  :  ns  —  kh  :  n 

dnrcbflieBt.  Da  nun  zwiacben  Webr  und  Fela  m  Quadrate  li^en,  betragt 

der  Qesamtdurcbflofi  unter  der  Langeneinbeit  Wehr  das  m-fache  oder 

(293)  q  =  mkh:n. 

Die  einfacbe  Abz&blang  der  Quadrate  lafit  also  den  Durchflufi  erkennen. 
BeiEpiel.    BehnfB  Bettiminung  d«r  Burchl&tBigkeit  it  hat  man  sine  Bodeo- 

pTobe  zwiichen  swei  lotrechte  Hetallgewebe  eingefllllt ']l  nnd  den  DnichflnB  t() 
^  in  del  Zeit  1  gemeBeen,  Man  hat  dann  nach  QL  (ISA) 

"Tl     L  -  -   ^       '  ***'  ^^^  BezeichnnDgsweise    beistehendei  Figor  and 

f  I "JUj .^if'^^.'i^J^,       I         der  Trogbreite  6 

^1  Ja.  z.  B.  fOt  e  C  =  200O  cm',  J  =  80  cm,  b  =  40  cm,  S~ 

I         Me^sae^   J  35,6  cm,  A  =^  31,6  cm.   ( =  176  sec,  t  =  (S  -  80 .  2000) : 

^  (40  ■  67  ■  4  ■  176)  =  0,171  cm  aec"'. 

1 24.  Differentialgleioliung  der  HSbenkarvenplftne  bei  stationSrer 
Bewegnng-  Darf  w^en  nabezu  wagrecbtem  Yerlauf  der  Stromf  adea  die 
Filtergescbwindigkeit  —  AJgesetzt  werden,  wobei  A:  die  Durchlaasigkeit 
and  J  die  Tangente  des  Neignngswinkela  des  Qrundwasserspiegels  be- 
zeicbnet,  so  ^t  bei  wagrecbter  L^e  der  undurcblasaigen  Schicht  ein 
Hohenkarrenplan  des  Spiegels  die  StrOmung  erkennen,  weil  er  aowobl 

1)  Einen  nicfat  nnUhnlichen  Trog  verirendete  Fosta-Mancini,  Ann.  d.  ponta 
«t  cbauBB.  (6)  10  (1890>),  S.  847. 
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die  Machtigkeit  des  dorchstromten  Bodens  ala  aach  das  Gef  alle  angibt. 
Denkt  man  sich  einen  solchen  Plan  hergestellt  nnd  bezieht  man  ihn  auf 
ein  Achsenkreuz,  so  hat  man  fur  die  Str5mung  dnrch      ,  i. 


I 


dy 


} 


€inen  senkrechten  Streifen  yon  der  Breite  dy  und 

der  mittleren  Ordinate  z  den  Ausdruck  j  "^'t^  **  y 


._.J.-.._ 


(294)  jcJ-zdy^h^-i-"^-^'  -  *• 

Errichtet  man  ein  senkrechtes  Yierkant  mit  den  Mittelpunktskoordi- 
naten  x,  y  Uber  dem  Gh-andrifi  dx  dy,  so  baben  dessen  vier  Seitenflachen 
die  Eoordinaten 

dx  ,    dx  dy         :t         ,   dy 

^--2".      ^+-2'>      y--~    und   y  +  -^. 

Durch  die  erstgenannte  Seitenflache  tritt  zufolge  (294)  in  der  Zeiteinheit 
dieMenge  l.^f^  _  a«(0  ^51 

2^^ldx  dx*     2  J 

ans  dem  kleinen  Yierkant^  wahrend  durch  die  zweitgenannte  Seitenflache 

Y^yi-d^  +  ~dx*     2  J 

in  dasselbe  fliefit.  Der  tTberschufi  des  Austritts  durch  die  eine  c^y-Flache 
fiber  dem  Eintritt  durch  die  andere  betragt  also 

Ebenso  gilt  filr  den  0berschu£  der  bei  den  anderen  Seitenflachen ,  wie 
man  bemerkt,  wenn  man  in  (294  a)  x  mit  y  gegenseitig  vertauscht, 

(294b)  AWrfyrf^. 

Tatsachlich  darf  aber  bei  stationarer  Stromung  der  Inhalt  des  Yierkants 
«ich  nicht  &ndem,  mufi  also  der  eine  tTberschuS  negativ  sein  und,  wie 
die  Addition  von  (294a)  und  (294b)  zeigt,  die  von  Ph.  Fordiheimer^) 
^bgeleitete  parHdle  Differentialgleichung 

gelten. 

Sickert   auBerdem    durch   die  Flacheneinheit   der  Oberflache  die 
Menge  q^  in  der  Zeiteinheit  hinzu,  so  empfangt  das  Yierkant  in  der 
Zeiteinheit  die  Menge 
(295a)  q,dxdy 

1)  Zeitschr.  d.  Archil-  a.  Ingen.-Ver.  zn  Hannover  82  (1886),  Sp.  646.  —  Die 
Anftragnng  von  e*  fuhrt  auf  isothermische  Euryenscharen  (s.  oben  S.  16). 

Forohhaimer:  HydrmoUk  29 
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Ton  oben  und  mu£  bei  stationarem  Zustand  die  Summe  der  AnBdrficke 
(294  a  und  b)  und  (295  a)  NuU  oder 

isein. 

AuB  der  partiellen  Differentialgleichuog  (295)  folgt,  dafi  wenn 
mehrere  FlSiclien 

(297)  ^*-^i(x,y),    *»  =  /i(a:,y),    z*-f,ix,y),.., 

sie  erfUllen,  auch  die  Flache 

(298)  g*  =  /I  (x,  y)  +  f,(x,  y)  +f,(x,y)  +  --- 

dies  tut^  so  dafi  es  leicht  ist^  &Lr  wagrechten  Untergruud  auB  bekannten 
Orundwasserspiegeln  neue  abzuleiten.  Als  solche  sind  bereits  der  des 
einzelnen  Sohachtbrunnens 

(276  a)  jp»  -  A«  -  ^^  log  nat  ~ 

und  der  der  einfachen  Stromung 

(285)  ^«_V»?|.y 

gegeben  worden,  die  beide^  wie  man  sich  durch  Differentiation  fiber- 
zeugen  kann^  der  Differentialgleicfaung  (295)  gentlgen. 

125.  Grundwasserspiegel  bei  Brunnengruppen.  F&*  Entnahme 
der  WasBermenge  Q  aus  einer  Gruppe  yon  n  Brunnen^  die  mit  durch- 
lassigen  Wanden  bis  zur  undurcblassigen  Schicht  fainabreichen^  folgt  bei 
gUichmafiiger  Yerteilung  der  Menge  Q  sofort  aus  (276  a),  wenn  man  die 
Brunnen  durch  Eennziffern  unterscheidet^  also  z.  B.  unter  R^,  B^,  . . . 
die  Abstande  eines  Punktes  von  den  yerschiedenen  Brunnenmitten  be- 
zeichnet^); 

(299)  0'-  ^'-:Sk  K°**  ?  +  lognat ^  +  ...)• 

Ftlr  einen  Punkt^  dessen  Abstand  It  yon  der  beilaufigen  Mitte  der 
Brunnengruppe  sehr  grofi  ist,  geht^  weil  die  Logarithmen  grofier  Zahlen 
sich  yiel  weniger  unterscheiden  als  diese  selbst,  61.  (299)  in 

(299  a)  ^»  -  A« «  ^^:  log  nat  y 

tlber,  wobei 

n  lognatr  =  lognatr^  +  lognatr,  +  •  •  • 
oder 

(299 b)  r  -  ^VVV^ 

1)  JPh.  Forehheimer,  ebenda  Sp.  547.  —  Spiegel  zwischen  Hanpt-  und  Neben- 
flufi:  C.  Orang,  Joarn.  f.  Gaeb.  u.  Wass.  38  (1890),  8.  559. 
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geaetzt  ist  Hieraus  geht  die  Bedeutung  von  h  in  Gl.  (299)  hervor:  es 
ist  die  Hohe^  die  der  Spiegel  in  einem  Einzelbrunnen  vom  Halbmesser  r 
annehmen  wflrde,  falls  man  einen  solchen  statt  der  Gruppe  zur  Ent- 
nahme  von  Q  benutzen  woUte.  Im  Unendlichen  fallen  eben  die  Spiegel 

(299)  nnd  (299  a)  zusammen.   Ist  h  bekannt,  so 

kann  man  ans  (299)  berechnen,  welche  Hohen-  11^.-'!^^ 

lage  ^,  A,,  Aj,  . . .  der  Spiegel  in  jedem  Bmnnen  '*2f\' 

annimmt,  denn  bei  dnrchlassiger  Wandung  muB     S^] *' "1. 

sie  mit  der  Hohenlage  an  den  Wandungspunkten  *i  w.    ^^              .j  u. 

flbereinstimmen.  Ftlr  die  Wandung  des  Brnnnens  1  *             '4.          ^* 

ist  nun,  weim  dessen  Abstande  von  den  tibrigen  ,•?£ . 

JRu,  J2u,  . . .  betragen,  ^^* 

JRi  —  fj ,    femer  ungef ahr   B^  =»  JJ|,,    B^  =»  R^^,  . . . 

und  daher  ist  geniigend  genau 

(299c)         &,«-  A*«  _|_  (log nat  ^-'  +  lognat  ^'  +  •  •  •) 

-  -^^  log  nat  jRi t^iiA*-!^ . 

Hat  man  n  Brunnen^  aus  denen  man  gleich  yiel  pumpt,  und  zwei 
Beobachtxmgsrohre  in  den  Abstanden  iZ^^,  R^^  bzw.  Rf,^,  R^^^,  . . .  yon 
ihnen,  so  gilt  fOr  den  Wasserstand  im  einen  Beobachtungsrohr 

'I  -  **  -  irS*  P««  °»*  (J^ai  ^,«  •  •  •  -RaJ  -  log  nat  (r,  r, . . .  rj] 

und  eine  ahnliche  Gleicbung  ffir  den  Wasserstand  gf,  im  anderen,  daher 
weiter^) 

(300)  «i- V-  -ft  [lognat(B.,ii„...i?,J-lognat(B„E„...i?,J]. 

Wenn  die  Entnabmen  aus  den  Brunnen  nickt  iibereinstimmen,  son- 
dem  sich  wie  v^iv^iv^...  verhalten,  denkt  sich  Ph.  Forchheimer^  die 
Einzelachsen  durch  v^  bzw.  v^  bzw.  1/3  usw.  Achsen  ersetzt  und  hat 

^i_  J«^   C  lognat  J?;^ig;'JZ;' log  nat  r,^*r;«r;»  • »» 

nk  ^'i  +  *'i  H"  ^'s  +  •  •  •  ' 

daher  f&r  den  Brunnen  1 

rson        A « -  V  -  -^-  ^og  °^<^  -Rt"^'  ^s'  —  log  nat  f  jt;'  . . . 

und  fQr  die  anderen  Brunnen  ahnliche  Ausdrtlcke.  Sind  die  Brunnen  ge- 


1)  W.  Kyrideis,  t^er  GrandwasserabseDkong  bei  FondieningsarbeiteD,  DIbb., 
Berlin  1911,  S.  61.  Ders.,  GrundwaBserabsenknng  bei  Fondierungsaibeiten,  Berlin 
1918,  S.  68. 

8)  Zeitschr.  d.  Afchit.-  n.  Ingen.-yer.  zu  Hannover  82  (1886),  Sp.  661. 
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kuppelt^  namlich  durch  Strange  yerbunden,  so  moB  A^ »  A,  »  A,  obw. 
iind  daher 

sein.   Man  hat  also  n  —  1  Gleichungen  zur  Berechnnng  von  w  —  1  Ex- 

ponenten  v,  nachdem  man  einen  derselben  frei  gewahlt  hat,  und  kann 

angeben,  wieviel  Wasser  jeder  Bronnen  liefert  nnd  wie  sich  die  gemein- 

schaftliche  Spiegelhohe  einstellt. 

Beispiele:  1.  Welchen  DurchmeBser  222  mufite  man  einem  Einzelbroimen 
Yon  duxchl&SBigei  Wandong  geben,  damit  er  bei  gleicher  GeBamtentnahme  Q 
dieselbe  Senkung,  also  denselben  Wasserstand  A^  aufweise,  wie  sechs  Bdhren- 
brannen  vom  Halbmesser  r^,  die  in  gleichen  Abst^den  aaf  einem  Ereis  yom 
Dnrchmesser  D  liegen?  —  Ffir  ri  =  r^^=^r^=  -  ■  -  wird  nach  (299)  aach  r^^r^ 
und  daher  (299  c)  zu 

(1)    ft,«_A«_-«    lognat^l^»- 


worin  h  den  Wasserstand  bedentet,  der  in  einem  Einzelflchacht  yom  Halbmesser  r 
bei  dei  Entnahme  Q  entstSude.    Von  diesem  Schacht  stiege  der  Ghrondwasser- 

Spiegel  ringsnm  nach  der  Gleichnng  jj*  —  A'=  -^  log  nat  —  =  —  ^  log  nat  — jj- 

anf.  In  einem  Einzelschacht  vom  Halbmesser  B  h&tte  man  demnach  den  Wasser- 
stand z  und  daher  gilt,  weil  z  =  \  sein  soil, 

(2)    ^«-*.  =  ^«^lognat-^. 
Die  Vereinigung  von  (1)  mit  (2)  liefert  U"  =  rJBi,JBi8  •  •  •  5i„  oder 

\2       2  2       2/       16' 

daher  i2  =  0,757 D|/r7i>,  also  z.  B.  fflr  r  =  0,OlD,  U:=  0,361  D. 

2.  W.  Kyrideis  ^)  hatte  bei  26  Brunnen,  die  zur  Grundwasserabsenkung  bei 
dem  Bau  der  Schleuse  Fl5tzensee  dienten,  Q  =»  0,2  m' 8ec~\  die  dichte  Schicht 
bei  -j-  16,4,  femer  imter  anderem  f&r  zwei  Beobachtungsrohre  in  metrischem  Mafi 

Stand  z  z*  BiB^'"B„       ^logB^B^'B^ 

+  26,06  8,66  76,0  1,586  •  lO'^^  1,506 

+  27,08  10,68  114,0  1,68    •  10*»  1,892 

daher,  weil  log  nat »  2,302  log  ist,  nach  Gl.  (800)  auf  Grund  dieser  Beobachtong 

0,2  1,892  —  1,506  ^  „^„       ^  ^^.  . .  , 

fc  =  -!-  -i~--^ *     -  2,802  =  0,00146  m  sec'^ 

«     114,0  —  75,0     '  ' 

Er  verwendete  im  ganzen  zehn  Beobachtungsstellen ,  die  er  in  verschiedener 
Weise  kombinierte  und  ermittelte  fur  A;  27  Werte,  von  denen  er  sechs  als  un- 
brauchbar  ausschaltete;  die  ubriggebliebenen  schwankten  zwischen  0,0012  und 
0,00190  und  gaben  im  Mittel  0,00147. 


1)  t^ber  Grundwasserabsenkung  bei  Fundierungsarbeiten,  S.  93.  Weitere  Bei- 
spiele ebenda  und  in  W.  Kyrieleis,  Gnmdwasserabsenkung  b.  Fund.,  Berlin  1915. 
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8.  Man  habe  einen  Brunnen  I  von  3  m  Weite,  ana  welchem  die  Pumpen 
schOpfen,  nnd  zwei  mit  ihm  durch  Heber  verbondene  II  nnd  III  yon  je  2  m 
Durchmesser.  Es  ist  B^^  =  86  m,  12^,  «  40  m,  22,,  »■  60  m.  Wie  verhalten  sich  die 
Wassermengen?  Ffli  y^  «  1  erh&lt  man  log  1,5  -f-  v,  log  35  -|-  fr,  log  40  =  log  85 
4-  fr,  log  1  +  v,  log  60  =«  log  40  +  V,  log  60  +  fr,  log  1  Oder  0,176  +  1,544 1^,  + 
l,602v,  =  1,644  +  l,778v,  =  1,602  +  l,778v,  oder  rj  =  1,00,  tr,=  1,00,  fj=  1,08. 
Die  Brannen  haben  also  fast  gleiche  Ergiebigkeit  ^). 

Die  bisherigen  Formeln  f&r  die  Spiegel  eines  Einzelschachtes  oder 
einer  Gruppe  gestatten  nns  deren  gegenseitigen  Yergleich,  ermoglichen 
aber  nicht  die  Bestimmung  der  absoluten  Holien^  wenn  nur  die  Anlage 
und  die  Entnahme  gegeben  sind.  Erst  wenn  der  Gmndwasserspiegel  ort- 
lich  an  eine  bestimmte  Hohe  gebannt  erscheint,  kann  die  Einwirkung 
einer  Entnahme  selbstandig  errechnet  werden.  Das  trifPk  z.  B.  zu^  wenn 
das  Gebiet  an  einem  Flufi  liegt.  Zur  Betrachtnng  dieses  Falles*)  denke 
man  sich  neben  einem  Brunnen  gewohnlicher  Art,  der  Q  liefere,  einen 
solchen  von  der  negatiren  Entnahme  —  Q,  also  eineVersitzgrube.  So  wie 
der  Spiegel  sich  nnweit  der  Entnahmestelle  trichterformig  senkt,  erhebt 
er  sich  rings  um  die  Yersitzgrnbe;  wahrend  er  an  alien  Punkten,  welche 
gleichweit  von  beiden  Stellen  abstehen,  die  namliche  Hohe  aofweist. 
Man  kann  sich  dann  diese  Linie  als  Uferlinie  und  auf  der  Seite,  auf  der 
die  Versitzgrube  lag,  einen  Flufi  statt  des  trockenen  Landes  denken.  Die 
nach  der  Bildungsregel  (298)  aus  (276  a)  entspringende  Gleichung 


(302) 


V-^' 


^.lognat-J, 


in  welcher  R  und  8  die  Entfernungen  von  Brunnen  und  Versitzgrube 

bedeuten,  entspricht,  wie  man  sich  dberzeugen  kann,  dem  betrachteten 

Falle.  Sie  gibt  namlich  kreisformige  Hohenkurven, 

und  zwar  rQcken  die  Ereismittelpunkte  bei  abneh- 

mendem  Halbmesser  immer  naher  an  die  Brunnen- 

achse.  Der  Senkungstrichter  hat  am  Brunnen  eine 

seiche  Neigung,  dafi  Q  in  ihn  fliefit.  Endlich  liegt 

die  Symmetrielinie,  fdr  die  i2  —  5  ist,  wagrecht 

und  zwar  in  der  Hohe  h^  iiber  der  undurchlassigen 

Schicht,  womit  h^  zugleich  die  Hohe  des  Flufi- 

spiegels  iiber  der  undurchlassigen  Schicht  bedeutet. 

Reicht  das  Flufibett  nicht  bis  zu  letzterer  hinab,  so  ist  allerdings  —  ent- 

sprechend  der  ahnlichen  Abweichungyom  AuBdruck{285)  —  der  Spiegel 

in  Ufemahe  etwas  starker  geneigt  als  nach  Gl.  (302). 


1)  Ph,  ForcMieimer,  Zeitschr.  d.  Archit.-  u.  Ing.-Ver.  zn  Hannover  32,  Sp.  562. 

2)  Ph.  Forehheimer  im  Musterbuch  der  Friedrich-Wilhelms-Hiitte  zu  Mal- 
heim  a.  d.  Ruhr  1889,  S.  71. 
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(303) 


Die  ZusammenfUgnng  mit  (286)  Terwandelt  (302)  in 

Q  ,         .  S 


,._V=?|-y--^lognat^ 


und  hiermit  in  den  Ansdruck  fQr  einen  Brunnen,  dem  man  Q  entnimmt, 
und  der  in  der  Nahe  eines  Flusses  liegt,  dessen  Langeneinheit  ursprCLng- 
lich  einen  Binnenzaflufi  g^  erhielt.  Hat^  wenn  nicht  geschopft  wird,  das 
Ghnndwasser  die  Hofae  H  im  Brunnen,  das  sei  in  der  Enifemong  b  yom 
Ufer,  80  gilt 


(303a) 


^-v 


Ho^ 


wahrend  zur  Betriebszeit  bei  einem  Bronnenhalbmesser  r,  weil  fQr  die 
Wandungspankte  JR  «  r  nnd  8  »  ungefahr  2b  ist,  fiir  die  Bninnen- 
epiegelhohe  h  die  Beziehuug 


(303  b) 


fc._V-^--*.lognat^ 
®  k  nk     ^         r 


zuixifit.  Aus  H  und  h  geht  gegebenenfalle  die  durcb  den  Betrieb  yeror- 
sachte  Senkung  H—h  hervor. 

Nach  (303)  schneidet  eine  durch  die  Brunnenachse  senkrecht  zum 
Ufer  gef&hrte  Ebene  den  Grondwasserspiegel  in  der  Knrve 


'•-v-'-t>-Ai'^''^l% 


deren  Neigung  am  Ufer,  also  fUr  y  —  0,  wie  die  Differentiation  lehrt, 

(«««)  O,..-  C-f  -  .*  ■  I)  ^  ^'. 

betragt  Nur  fiir  _ 

Q  <  «6«o 

dz 
bleibt  ^  am  ganzen  Ufer  positiy,  wahrend  fur  gro&ere  Entnahme  Q 

der  Spiegel  stellenweise  binnenwarts  fallt,  also  Wasser  aus  dem  fluB 
sickert  und  man  neben  Binnenwasser  auch  FluBwasser  scbopft.  Besitzt 
dann  der  den  Brunnen  speisende  Streifen  im  Uuendlicben  die  Breite  2  By 
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80  bezieht  man  ein  Gemenge  ans  2BqQ  Binnenwasser  and  Q  —  2BqQ 
Flufiwasser^  und  ist,  wie  Ph.  Forchheimer^)  gezeigt  hat^ 

y 
(304) 


2B-2l/6(4-j) 


+  2  -^  arc  tanir 


y  \»3o    / 


Liegt  der  Brunnen  in  groBer  Entfemung  vom 
Flufi,  80  kann  man  zu  einem  Naherungsausdruck 
gelangen,  indem  man  annimmt,  dafi  die  Parabel 
der  Gleicfaung  (285)  bi8  an  die  Stelle  fortlaufe,  an  der  ihre  Ordinate 
Noll  wird^  daB  also  h^^O  sei.  Damit  setzt  man  bei  einer  urspriing- 
lichen  Neigung  J  and  Hohe  H  des  Spiegels  an  der  Brannenstelle  den 
Parabeleigenschaften  zafolge 

(305)  6-^. 

Zagleich  maS  die  Ergiebigkeit  des  Grandwasserstromes 

Jo  -  JcJH 

sein.   Ftlr  die  Brannenwand  wird  nan  in  Gl.  (303)  jbt  —  A,  A^  =  0,  y  =  6, 
22  "-  r  and  S  —  2b,  so  daB  sie  in 

k  nk     ^         r 

fl^-  A»-  4  lognat-^  -  4  lognat — 
7ck      ®         Jr       nk     ^  q^^r 


oder  in 
(305a) 


%r 


oder,  wenn  die  Senkang  H—h  gegenftber  der  arsprttnglichen  Tiefe  H 
recht  klein  ist,  in 

(305b)  J- A -^|g  lognat*^' 

dbergeht. 

Es  ist  anzanehmen,  daB  die  AasdrQcke  (305  a  and  b)  aach  noch 
braachbar  bleiben,  wenn  an  der  Brannenstelle  die  andarchlassige  Schicht 
nicht  wagrecht  yerlaaft,  daB  sie  also  allgemein  naherangsweise  fiir  eine 
Stromang  vom  Spiegelgef  alle  J  gelten,  falls  kein  FlaB  and  keine  Schwelle 
den  Spiegel  ortlich  in  bestimmter  Hohe  festhalten^. 

Hat  man  mit  mehreren  Brunnen  in  der  Nahe  eines  Flusses  za  tan, 
80  ist  za  jedem  derselben  ein  zweiter  negativer  hinzazadenken,  der  be- 
zuglich  des  TJfers  symmetrisch  za  ihm  liegt.   Bezeichnet  man  die  Ent- 


1)  Wien,  Ber.  117«*  (1908),  S.  1126.    POr  C  =  «^2o  ^'^  B^nh, 

2)  Fh,  Forchheimer,  Z.  d.  dgt.  I.  u.  A.V.  60  (1898),  S.  683. 
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nahmen  mit  Q^,  Q^,  Q^y . . .,  die  Abstande  eines  Punktes  von  den  Brunnen 
mit  R^f  R^j  ^} ' '  '9  ^^^  ^^^  ^^^  hinzugedachten  Yersitzgruben  mit  S^, 

S^,  S^, ...  und  den Uferabstand  mit  y,  so  folgt 
f&r  den  Grundwasserspiegel,  wenn  sich  anfier- 
dem  eine  Binnenstromung  mit  der  Ergiebig- 
keit  ^0  der  Langeneinheit  ursprunglich  senk- 
recht  zum  Flufi  in  ihn  ergoB,  wie  sich  ein- 
sehen  laBt^ 

(306)  ^1c{e^-  V)  =  2jtq^y 

S  8 

—  Q^  lognat  -^—  Qi  lognat-^ . 

Anch  bier  bedeutet  b  die  ErhebuDg  eines  beliebigen  Spiegelpunktes, 
Hq  die  des  FluBspiegels  liber  den  dichten  wagrechten  Untergrund.  Ftir 
den  Wasserstand  im  Brunnen  1  gibt  (306)  z.  B.^  weil  dieser  Wasserstand 
mit  dem  betreffenden  Wandungspunkte  Qbereinstimmen  muB, 


2yi 


S^, 


(306a)    7ch{s!*-  Ao*)  ^  2nq^y^  -  Q,  log  nat  -/^  -  Q^  log nat  ^ 


—  (2  lognat^ , 

■"is 

wobei  y^  den  Abstand  des  ersten  Brunnens  yom  Ufer^  r^  seinen  Halb- 
messer;  R^^,  S^^,  R^^,  S^^, . . .  seine  Abstande  yon  den  iibrigen  Brunnen 
und  Versitzschachten  bedeutet. 

126.  Gmndwasserspiegel  bei  einer  unendliohen  Bronnenreihe. 

Auf  eine  unendliche  Reihe  von  Brunnen^  die  im  Abstande  b  von  einem 
FluBufer  liegt^  fUhrt  bei  unveranderter  Bedeutung  aller  Zeiehen,  der 

Ansatz^) 


(307)       .'-V-,., 


Cof  ?^y^l^  -  cos  ^        , 


go?  -^^^l_j:  —  COS  — 

a  a 


In  der  Tat  erfiUlen  die  Logarithmen  des  Zahlers  und  des  Nenners  des 

yariablen  Bruches  sowie  -~y  die  partielle  Differentialgleichung  (295% 

woyon  man  sich  uberzeugen  kann^  in  dem  man  zuerst  an  Stelle  des 
ZahlerlogarithmuSy  dann  an  Stelle  des  Nennerlogarithmus 

g  =  log  nat  (Sof  rj  —  cos  |) 
setzt;  denn  dann  hat  man 


1)  Ph.  Forchheimer,  Wien,  Ber.  117«*  (1908),  S.  1117;  Joum.  f.  Gasb.  n.  Wa««. 
63  (1910),  S.  1067. 
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as 

af 


dfi       (Soj  7] 
also^  wie  yerlangt. 


sin  I  d^i        COB  I  ©of  tj  —  1 

~  aF^CMii  — cosS)*' 

a^  ^  1  —  COB  S  got  T? 

COBS'  a»]*  (©of  7]  —  COB  S)«  ' 


(£0f  ?]  —  COB  J  ' 


Femer  kehren  ftlr  Werte  von  x,  die  sich  um  2a,  4a  usw.  unterscheideD^ 
die  gleichen  Spiegelhohen  g  wieder  and  wird  fUr  x  nahezu  «  0  und 
y  nahezu  »  b  naheningsweise 


5)  ;ra; 

—  —  COS  — 

a 


^   »  Q«i  ^  "t"  2a*  ""  ^'•* 


2a' 


2  a' 


Bezeichnet  man  also  den  kleinen  Abstand  ]/a?*  +  (y  —  6)*  mit  r,  so  zeigt 
sich  fiir  die  Bmnnennachbarschaft 

Q 


e'-V 


2nk 


log  nat 


««r« 


und 


2a.((5of?^-l) 


ds 


dr 


9.1 

nk  r  ' 


wonach  der  Spiegel  um  die  Achse  x  ^0,  y  ^b  einen  Trichter  bildet^ 
unter  dem  die  Menge  ^ 

or       ^ 


zur  Achse  stromt,  welcher  Vorgang  bei  y  «=  6  fiir  x  «■  2a,  4a  usw. 
wiederkehrt.  Hiermit  ist  es  klar,  daB  wie  behauptet  die  61.  (307)  den 
durch  eine  unendliche  Brunnenreihe  hervorgerufenen  Spiegel  angibt.  Die 

Gnmdwasserf adea  treffen  das  Ufer  rechtwinklig  mit  der  Neigung  ^  und 

dabei  ist  nach  (307) 


a 

(So{  — ^^^ —  COB 

_      '        a                    a 

(£0?       ^     ' -'  —  COB 

'a  a  -J 


+ 


2fe 
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Oder  far  a;  —  y  =  0 

a 

Wenn  selbst  hier  an  der  der  Bnmnenachse  {x^Qy  y^V)  nachsten  Stelle 
des  Ufers  der  Spiegel  binnenwarts  ansteigt;  wenn  also 

(307 a)  2aq,>Q ^^—   oder  > Q Xong fj 

(Joi 1 

a 

ist^  empfangt  der  Brunnen  nur  Binnenwasser.   Ftlr  einen  lotrechten 
Schnitt  y  ^h  durch  die  Reihe  verwandelt  sich  (307)  in 

nx 

^  1  —  COB , 

(307b)  .«-  V-  ^f^lognat       ^^,       "  ,^  +  ^ 

(50f COB 

and  hieraus  folgt^  daB  wenn  b  ^  a  ist  nnd  x  eine  kurze  Strecke  r  bildet, 
jer*  —  Aq*  angenahert  zu 


^r'-V=2#jfclognat— ^+    «^ 

oder  zu 

(307c)  V-V  — ;S(t +  •»«■»' ;^)+^;- 

wirdy  w&hrend  man  far  x  =^  a,  also  in  der  Mitte  zweier  Brunnen,  wo 
ss  ^  z„  sein  moge^ 

^-'  -  V  =  A  log  nat  — ^-,--  +  ?^A 

©of h  1 

a 

oder  angen&hert 

(307  d)  z!  -K--§i  (**  -  logBat2)  +  if- 

.  hat.  Wenn  man  statt  durch  die  Brunnenreihe  durch  einen  Schlitz  die- 
selbe  Menge  beziehen  wUrde^  so  miifite  man  der  Langeneinheit  Schlitz 
Q:2a  entnehmen^  und  dann  wtlrde  fiir  die  Spiegelhohe  e^  im  Schlitz, 

weil  ffo  -  ^  ▼om  Schlitz  zum  FluB  lauft,  nach  Gl.  (285) 

(307e)  V-V-l^--^ 

gelten.    Aus  (307  c  bis  e)  folgt  sofort,  dafi  durch  die  Auflosung  des 
Schlitzes  in  Einzelbrunnen  seine  urspriinglich  wagrechte  Spiegellinie 


126.  GnmdwasserBpiegel  bei  einer  unendlichen  Brannenreihe  459 

in  den  Brunnen  Yom  Halbmesser  r  gesenkt  nnd  in  den  Streckenmitten 
gehoben  wird  und  dafi  fQr  den  Scblitzspiegel 

die  Senkung  in  den  Brunnen  jer^  —  jer^  -=  — — ^  log  nat  — 


(308) 


die  Hebang  in  den  Mitten      'S'a—  *,—  — j—  -  i.  log  nat  2 


betr&gt;  wahrend  nngef  abr  in  den  Abstanden  -^  yon  den  Brunnenacbsen^ 

wie  sicb  zeigen  laBt,  e^  als  H5be  bleibt.   Falls  genau  der  Binnenzuflufi 
gescbopft  wird  (siebe  die  Fignr  auf  S.  457),  wird  jer^—  fc^. 

Hierzu  sei  nocb  bemerkt,  dafi  aUgemein  bei  Wassergewinnung  aus 
einem  als  nnendlicb  lang  betracbieten  Scblitz  die  Hobe  b^  seines  Spiegels 
nwr  von  der  Wassennenge  dbhdngt,  die  von  ihm  weUerlduft^  und  von  den 
Boden-  und  Wasserverhdlinissen  stromah  vom  ScMitz,  femer^  dafi  die 
Ausdriicke  (308)  fiir  die  Spiegelveranderung  aucb  anwendbar  sind,  wenn 
der  Scblitz  nicbt  in  der  Nabe  eines  Flusses  liegt. 

Beispiel.  In  16m  tiefes  Qruodwasser  will  man  in  je  46m  Abstand  tind 
in  200  m  Entfemung  von  einem  Flofi  eine  lange  Beihe  Brunnen  von  0,4  m  Durch- 
messer  (r  ==  0,2)  eintreiben,  die  an  der  Sohle  und  l&ngs  4,6  m  ibrer  H6be  durcb- 
l&fisig  sein  soUen.  Die  Dnrcbl&ssigkeit  betrage  0,8  cm  8ec~^ «»  0,003  m  sec \  das 
Spieg^lgef&lle  des  GrundwaBsers  zwiscben  der  Brunnenlinie  und  dem  Ufer  0,002, 
die  in  Anssicbt  genommene  Entnabme  Q  aus  jedem  Brunnen  3,1  1  Bec~  ^  =» 
0,0031  m'sec'^  Welcbe  Senkung  wird  der  Spiegel  in  den  Brunnen  erfabren?  — 
Nacb  diesen  Daten  liegt  der  FlufiBpiegel  0,4  m  unter  dem  GrundwasBerBpiegel 
der  Reibenlinie  und  betr&gt  der  DurcbfluB  unter  1  m  Gel&ndeBtreifen  0,008  •  0,002 
.  16  =*  0,00009  m' sec"*.  Hierron  will  man  0,0081 :  46  =  0,000069  m' sec"*  ent- 
nebmen,  so  dafi  nur  0,000021  m' see*  weiterfliefien.  Bei  16  m  Tiefe  erfordert 
dies  ein  Gef&lle  von  0,000021 :  (0,008  •  16)  »  0,00047.  Sp&ter  wird  daber  der 
Spiegel  Yom  Ufer  zum  „Scblitz'*  nur  um  0,00047-200  ^=^  0,09  m  ansteigen,  die 
Senkung  im  Scblitz  also  0,40  —  0,09  »»  0,81  m  und  dessen  Wasserstand  16  —  0,31 
Bs  14,69  m  betragen.  Bei  Auf lOsung  des  Scblitzes  in  Einzelbrunnen  kommt  nacb 
(808),  weil  By  kaum  von  z,  abweicbt,  eine  Senkung 

1  0,0081    j^^  ^^^  -—^-ir  =  0,0112  log  nat  36,8  =  0,040  m 


2  .  14,69  n  •  0,008     °         «  •  0,2 

binzu.  Gingen  die  Brunnen  mit  durcbl&Bsiger  Wandung  bis  zum  dicbten  Unter- 
grand,  so  w&re  die  Senkung  in  ibnen  also  0,31  4-  0,04  «:  0,36  m,  ibr  Wasserstand 
16  —  0,86  =^  14,66  m. 

Wflrde  nur  ein  Brunnen  mit  bis  zum  dicbten  Untergrund  reicbender  durcb- 
Iftssiger  Wandung  vorbanden  sein,  aus  dem  man  0,0031  m'sec*  scbdpft,  so  wiirde 
for  Beinen  Wasserstand  z^  nacb  Gl.  (303  b) 

*  *  k  7r^-     *^  r 

oder  fur  die  Senkung 

^  1        0  ,  i.26 
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gelten  oder  im  vorliegenden  Fall  genau  genng 

„  1       '0,0031    ,  ^400       ^^^„ 

jff  —  xf,  =  —  •  -^-^-r-TTTiT  log  nat  — -  =  0,083  m . 
^        80    « •  0,003     ®         0,2  ' 

Yon  den  0,36  m  Senkung  eines  Brunnens  der  Reihe  entfallen  also  0,088  m  aaf 
die  Wirkung  der  Entnahme  ans  ihm  selbst  und  0,27  m  auf  die  dei  Entnahme 
aiiB  den  fibrigen  Bronnen.  Letztere  0,27  m  bleiben  unge&ndert,  wie  auch  der 
betrachtete  Bmnnen  gebaut  sein  mag,  die  0,088  m  aber  wachsen,,  wenn  man  die 
durchl3,8sige  H5he  von  nngef&br  16  —  0,27  =  14,73  m  auf  ^  »=  4,6  m  beschr&nkt. 
Nach  Formel  (281b)  hat  man  dann  mit  H  nunmelix  =  14,73 

'-^^^-V^V^.   ^   u,„-,-.,m. 

Durch  die  Seichtheit  des  Brnnnens  nimmt  also  die  Senknng  um  0,13  —  0,08 «»  0,05  m 
zu,  80  da6  sich  die  Gesamtsenkung  ^=.  0,35  -|-  0,05  «=  0,40  m  findet. 

127.  GrundwasserBpiegel  bei  einem  Schlitz.  Bisher  war  nur  von 
Hohenkunrenplanen  die  Rede^  die  auf  Entnahme  durch  Brunnen  f&Iirten. 
Als  Beispiel^)  einer  Gleichung,  welche  die  Entnahme  durch  einen  Schlitz 
darstellt;  sei  in  Kiirze 

(309)  ^'-^'-§k  log  nat  -'^^i-"*  +y^r^±WHl 

genannt.  In  ihr  bedeutet  z  die  Spiegelhohe  eines  beliebigen  Punktes 
liber  der  wagrechten  undurchlassigen  Schicht,  Q  die  Entnahme,  f  die 
Schlitzlange,  r^  und  r^  die  Abstande  des  Punktes  yon  den  Schlitzenden, 
h  den  Wasserstand,  den  die  Entnahme  Q  in  einem  Einzelbrunnen  vom 
Halbmesser  r  hervorrufen  wilrde.  Der  Ausdruck  (309)  setzt  also  wieder 
eine  gleichmaBige  Speisung  ringsum  oder  eigentUch  eine  runde  Insel 
Yoraus.  Alle  Hohenkurven  sind  nach  (309)  EUipsen  mit  ihren  gemein- 
schaftlichen  Brennpunkten  an  den  Schlitzenden  und  die  Stromungslinien 
sind  Hyperbeln,  die  ebenda  ihre  Brennpunkte  haben.  Der  Schlitz  selbst 
ist  auch  eine  Hohenkurve  mit  der  Spiegelhohe  e^  und 

(309a)  V-**-|fclognat^, 

und  dies  lehrt,  dafi  der  Schlitz  von  der  Lange  f  bei  gleicher  Senkung 

soviel  liefert,  wie  ein  Brunnen  vom  Durchmesser  \f. 

Erstreckt  sich  ein  Entwa.8sergraben  fast  ohne  Gef8.11e  von  a;  =>  0,  jf  =»  0  nach 
der  positiven  a;-Richtimg  onendlich  weit,  und  sickert  das  Wasser  yon  der  Ober- 
fi&che  zu,  BO  entsteht*),  wie  hier  ohne  Beweis  gesagt  sei,  gem&fi  Gl.  (296)  ein 
Grun  dwasserspiegel 

(309b)  ^»-.^««i-(2g,yr+^-a.y«), 

wobei  h  die  SpiegelhChe  im  Graben,  r  den  Abstand  vom  Urspmng  und  q^  den  Zulanf 
zwischen  x  =  0  und  x^=^\  bedeutet  und  die  Dimension  (LSUige)''*  (Zeit)"^  besitzt. 

1)  Fh,  Forchheimer,  Zeitsch.  d.  Arch.- u.  lngen.-yer.  zu Hannovei  82  (1886),  Sp.  658. 

2)  Bisher  unverSffentlicht. 
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128.  Mit  der  Zeit  Ter&nderliohe  Parallelstromnng.  Wieder  sei 
nnter  Parallelstromung  eine  in  parallelen  lotrechten  Ebenen  uberein- 
stimmend  Tor  sich  gehende  Bewegung  yerstanden.  Bezeichnet  q  die 
Sickerang  zwischen  zweien  dieser  Loiebenen,  die  im  Abstande  1  von- 
einander  stehen,  so  ist^  wenn  die  Tangente  der  Spiegelneigung  als  mafi- 
gebend  fQr  die  Gescbwindigkeiten  betrachtet  werden  darf,  also  bei  ge- 

ringer  Sohlenneignng  i  nnd  Spiegelneignng  i  —  -^j 


«^*^(*-a3' 


worin  £r  die  Machtigkeit  des  Grondwasserstromes  bezeichnet.  1st  die  Be- 
w^ping  nicht  stationar,  so  erf  ahrt  auf  der  Strecke  dx  der  Dorchflufi  q 
bei  gleichformiger  Bodenbeschaffenheit  eine  Andemng 

(310)  ''3-*[»^^-(^3--£]'^- 

Dieser  Unterschied  dq  mnfi  eine  Andernng  des  Wasserinhaltes  der  Saule 
von  der  Gmndflache  1  •  dx  bewirken  nnd  da  dieser  bei  einem  Poren- 

yerhaltnis  ft  in  der  Zeiteinheit  ft  ^  betragt;  folgt,  dafi 

(310a)  ^a?  "  -  *L*a5  -  \dx)  -'jxA 

isi  Wenn  nun  das  Spiegelgef  alle  gegenflber  dem  Sohlengef  alle  yemach- 
lassigbar  ist  nnd  sich  zngleich  e  wenig  yon  einem  Mittelwert  B.  ent- 
femt;  kann  statt  dessen 

(310b)  |f__l[.|i_s|^] 

geschrieben  werden.  Eine  der  yielen  moglichen  Losungen^)  dieser  Diffe- 
rentialgleichung  lautet^  wie  mian  sich  dnrch  Differentiation  iiberzengen 
kann, 

(310c)  ^--Jf    ^  ^"      co8^(rr--^-2V), 

worin  Jf ,  JT  nnd  5  konstante  GroBen  sind.  Fiir  a:  —  0  wird  bei  dieser 
Losung 

(310d)  iP  -  -  Jlf"'?^'"cos^^''(-/  +  J^), 

wonach  der  Spiegel  an  der  Stelle  a;  =-  0  in  den  Zeitraumen  %^  auf-  und 

abschwingt.  Diese  Schwingnngen  wandem  mit  der  Schnelligkeit  —  unter 
fortgesetzter  Verflachung  yorw'arts,  derart^  dafi  zu  beliebiger  Zeit  der 

1)  /.  BwMSVMsqj  Eanz  conrantes,  S.  268. 
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Spiegel  WeUungen  von  der  Lange  S  bildet.  Wenn  also  der  Wasserstand 
in  einem  offenen  Gewasser  Scbwankungen  nach  der  Gl.  (310d)  yoUziehty 
pflanzen  sicli  diese  unterirdisch  nach  dem  Ausdruck  (310c)  fort. 

1st  bei  geringer  Tiefe  die  Sohle  wagrecht^  also  %  »  0,  femer  wieder 
k  lind  /i  unyeranderlicb,  so  vereinfacbt  sich  Gl.  (310a)  zu 

(311)         4\''[(^y+''^h^''^- 

Dorty  wo  die  angenommene  wagrecbte  Sohle  die  Erdoberflache  schneidet^ 
tritt  das  Grundwasser  als  QaeUe  zu  Tage  und  J.  Boussinesq  hat  sich  die 
Frage  vorgelegt,  unter  welchen  Umstanden  diese  Quelle  ein  r^me  be- 
sitzt.  Das  ist  der  Fall,  wenn  die  Ergiebigkeitskurven  alter  Trockenzeiten 
zusammenfaUen,  so  daB  man  bei  Kenntnis  der  Ergiebigkeit  in  einem 
bestimmten  Zeitpunkte  Yoraussagen  kann,  wieviel  die  Quelle  nach  einer 
beliebigen  Frist  noch  liefem  wird,  wenn  sie  inzwischen  keine  neuen 
Zufldsse  erhalt.  E.  Maillet^)  hat  auf  die  praktische  Bedeutung  des  re- 
gimes aufmerksam  gemacht  und  auch  fflr  einige  bestehende  Quellen  die 
einheitlichen  Ergiebigkeitskurven  ermittelt. 

Boussinesq  verlangt  nun,  dafi,  nachdem  die  Zusickerungen  au%ehort 
haben,  sich  alle  Tiefen  g  des  Ausdruckes  (311)  proportional  andem,  also 
jedes  B  das  Produkt  aus  einer  Funktion  des  Ortes  und  einer  Funktion 
der  Zeit  sei,  so  dafi 

dz 

(worin  a  fUr  alle  Punkte  gleich  grofi)  und  hiemach 

oder 

(312)  -itae*dz~k ^^ sde-hea'-  d(ee') 

gelte.  Die  Integration  von  (312)  liefert,  wenn  fiir  x  =  L  der  Spiegel 
seine  Scheitellinie,  also  /»  0  hat,  wie  das  der  Fall  ist,  wenn  in  der 
Entfemung  L  von  der  Quellinie  (fur  die  x  '=0)  kein  Wasser  zuflieSt: 

und 

gdg 


X 


V  ^~(LaJ 


f      max 


Z' 


1)  Parii,  G.  R.  134  (1902),  S.  1103;  E,  Maillet,  Essais  d'hjdnnliqae  Bonter- 
raine  et  flaviale,  Paria  1903,  S.  21  f 
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Oder 


r  Um«/ 


welche  Beziehung  nur  zntriflR;^  falls  ^);  wie  Boussinesq  zeigt, 


(312a)  l/l£5  -  0,862 

isi  Fiir  einen  entsprechenden  Zeitanfang  wird  dann 

^m.x  =  0,896  ^^- 

und  nimmt  die  Ergiebigkeit  der  Quellen  proportional  -^  ab.   Der  Ge- 

nannte  beweist  weiier,  dafi  die  Schar  der  der  Zeit  nach  aufeinanderfol- 
genden  Spiegellinien,  f&r  welche  (312  a)  zutrifft,  sehr  ausbarrt;  dafi  nam- 
lich,  wenn  (z.  B.  durcb  Regen)  eine  Enrve  entsteht,  die  yon  einer  Kurve 
der  Schar  etwas  abweicht,  die  Abweichungen  sich  proportional  ir^^  yer- 
andem,  also  rasch  yerschwinden'). 

Er  wiederholt  seine  Betrachtangen  ffXr  gekrummte  SoJdenlinienj  deren 
Hohen  (oder  auch  Tiefen)  tiber  (bezw.  onter)  einer  durch  die  Quelle  ge- 
legten  wagrechten  Gleichenebene,  den  e  der  Spiegelkurye  proportional 
sind,  and  findet,  dafi  sich  hier  die  Spiegelordinaten  im  Laufe  der  Zeit 
proportional 

(313) 


andem,  wobei  die  Zahl  x  die  Starke  der  Einbauchung  zum  Ausdruck 
bringty  femer,  dafi  Abweichungen  yon  einer  Scharkurye  bei  konkayer 
Sohle  mit  e"^*"'  yerschwinden,  dafi  endlich  Quellen  proportional  mit 


{l-e-'^O  ' 


e-"* 


yersiegen*). 

Umst&ndliche  Betrachtungen  fiber  das  Yersiegen  stellte  E,  Maillet^) 
an  und  fand  beispielsweise,  dafi  tlber  einer  parabolischen  Sohle  mit  den 
nach  oben  positiyen  Ordinaten 

(314)  0^^a  +  bx  —  cx^ 

1)  Jonin.  de  math.  (5)  10  (1904),  8.  86. 

2)  Ebenda  S.  88.  8)  Ebenda  S.  10,  46,  61. 

4)  Essais  d'hydraulique,  8.  49.  Einige  YersiegeknrTen  ermittelte  E.  Fischer, 
Stndio  dalle  aorgenti  di  8exi]io,  Napoli  1918. 


la 
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wahrend  der  trockenen  Jahreszeit  die  Spiegelordinaten 

<314a)  jer  =  a  +  ftrc  -  ca?*  +  Ae^  ^"^ 

seien  und  daher  die  Stromungsmenge  derBreiteneinlieitOnmdwasserstrom 

(315)  q  =  Mz-z^)^^  Ak{b-2cx)e''^"' 

betri^e,  wobei  a,  b,  c  und  A  konstante  Wei*te  haben.  Die  Bichtigkeit 
der  Ansatze  geht  ohne  weiteres  daraus  heryor^  daS  sie  die  Forderang 
der  Eontinnitat 

^erftillen.  Nach  (314a)  yermindem  sich  alle  z  beim  Yersi^en  in  jedem 

Zeitteilchen  um  gleiche  Stticke 

und  daber  tun  sie  es  auch  in  endlichen  Zeii- 
intervallen.  Da  femer  gleicbfdrmig  zusickemde 
Begenwasser  alle  z  gleich  yiel  yergrofiem,  be- 
steben  alle  Anderungen  des  Spiegels  in  seiner  Hebung  oder  Senkung. 
Steigt  die  Sohle  yon  der  Austrittstelle  stark  an  und  ist  der  Orund- 

wasserstrom  seicbt^  so  weicht  dessen  Spiegelgefalle  wenig  yon  -^  ab^ 
flo  daB 

(316)  q  =  k{z-0,)l^ 

und  naherungsweise  die  Eontinuitatsforderung  (315  a)  zu 

daher  nacb  (316) 

wird.  Hiemach  yermebrt  oder  yermindert  sich  q  Hberall,  also  auch,  wo 

das  Wasser  zutage  tritt,  je  nachdem  -^—^  ^  0^  das  heifit  die  Sohle  kon- 

kay  oder  konyez  ist^).    Oleichmafiig  yersickernder  Niederschlag  andert 

in  (316)  nur  die  Wassertiefen  z  —  z^y  nicht  aber  die  Gefalle  g-,  und 

yerursacbt  daher  eine  plotzliche  Zunahme  des  Ausflusses,  der  hierauf  je 
nach  der  Sohlenform  weiter  wachst  oder  sofort  abnimmt').  Ist  die  Sohle 

1)  Ebenda  S  76.  2)  Ebenda  S.  88. 
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im  oberen  Teil  konvex,  im  imteren  konkay^  so  nimmt  der  Aasflufi  erst 
zn,  dami,  weil  die  Speisung  yon  oben  nicht  ausreicht,  wieder  ab^).  Der 
Wert  dieser  Untersuchungen  wird  dadurch  beeintrachtigt^  dafi  sie  eine 
iiberall  gleiche  Breite  des  Grandwasserstromes  yoranssetzen. 

129.  Mit  der  Zeit  Ter&nderliohe  Bewegung  im  Haiime.  Die  Be- 

tracbtung,  die  zur  61.  (310)  der  yeranderlichen  Parallelstromung  fdhrte, 
kami  obne  Scbwierigkeit  in  allgemeiner  Fassung  wiederholt  werden. 
Angenommen  sei   eine  gekriimmte  Soble   in   den 

Tiefen  H  unter  einer  Gleichenebene,  fiber  welche ^^ 

der  Spiegel  sicb  mit  den  Hohen  e  erbebe,   eine  t 

wecbselnde  Durchlassigkeit  h  nnd  geringe  Spiegel-  if 

und  Soblenneigung,  so  dafi  die  Gescbwindigkeiten^ L^ar^?"*^ 

welche  nahezu  wagrecbt  sein  sollen,  nur  yon  der         '"'^'^^ 
Tangente  des  Neigungswinkels  des  Spiegels  abbangen.  Die  Kontinuitats- 
forderung  liefert  dann  bei  einem  Porenyerbaltnis  /t  die  Beziebung  ^) 

(31^)        i^ji'h  [*(^+  ')r^  +  Ty  [^"(^+ ')  T^  • 

Dieser  Ausdmck  lafit  sicb,  wenn  die  Erbebungen  e  gegeniiber  den  Tiefen 

sebr  klein  bleiben,  zn 

/Q-irtN  dz        d  ri.-TT^z']   ,     d  Ft  rrde 


"ll-U^^m+W^lil 


yereinfacben,  wonacb  die  VenLnderung  der  Spiegelbobe  um  so  langsamer 
erfolgt,  je  kleiner  das  Spiegelgef  alle  ist. 

Die  Beziebung  (318)  kann  man  auf  Grundwasser  anwenden,  das  in 
der  Gleicbe  jer »  0  dnrcb  Qnellen  CLberlauft.   Man  kann  sie  namlicb  zu 


<318a)        f.|f-*fi^(g 


«  ^  dyV  ^ 


diJcH)  dz       diJcK^dz^ 
dx     dx"^     dy     By 


•entwickeln,  und  bier  sind  JcH,   K,  — 

'  '     ox 


dz 


dy 
zwar  yom  Ort,  nicbt  aber  yon  der  Zeit  ab- 

bangig.  Wenn  sicb  also  alle  z  einer  Ober- 
fl&cbe  proportional  yerandem,  so  andern  sicb 

V   J.     dz    dz     d*z        -i  d*z    .        i  •  i 
aucb  die  ^^,  ^y,  ^^^  und  ^-,  im  gleicben 

Yerbaltnis  und  demnacb,  wie  (318a)  zeigt,  aucb  die  /^br*   Man  bat 

dz 
Also  ft  ^  proportional  z  und  das  ist  mit  den  Eonstanten  c^  und  c^  f&r 

(318b)  xf  =  qc±^«' 

1)  Ebenda  S.  87. 

2)  /.  Baussinezq,  Jonm.  de  math.  (5)  10  (1904),  S.  14. 

Forehhoimer:  Hydraolik  30 
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der  Fall.  Mit  den  Hohen  z  sind  aber  die  Gefalle^  mit  diesen  die  Oe> 
schwindigkeiten,  mit  letzteren  an  den  Quellpunkten  die  Ausfliisse  pro- 
portional;  so  dafi  die  Ergiebigkeiten  der  Quellen^  wenn  sie  nicht  durch 
nene  Niederschlage  gespeist  werden^  nach  dem  Gesets^^) 

(319)  q  «  AiT^' 

abnehmen^  worin  A  nnd  a  Konstante  bedenten. 

Wenn  jedoch  zu  den  Zeiten  i^j  t^  usw.  Regenfalle  den  Spiegel  um 
Vif  V2  ^^^*  heben,  so  nahert  sich  der  Abflufi  asymptotisch  der  GroBe 

(319a)  Q  -  Ae'<^*  +  B{ri-<'-'^^  +  ly^^C-**)  +  "•), 

worin  B  wieder  eine  Konstante  bedeutet*). 

Die  Gleichung  (317)  bezog  sicb  anf  nahezn  wagrechte  Geschwin- 
digkeiten,  wie  sie  bei  geringer  Spiegel-  und  Sohlenneigun'g  aaftreten, 
wenn  die  Bewegnng  nur  wenig  von  der  stationaren  abweicbt.  Hat  man 
zwar  geringe  Spiegel-  und  Sohlenneigangen,  und  daher  geringe  Spiegel- 
kriimmung,  aber  doch  steilere  Bewegungen,  wie  das  z.  B.  gescbehen 

konnte,  wenn  eine  das  Grundwasser  abschlieSende 
Decke  plotzlich  durcblassig  wtlrde^  oder  wenn  man 
plotzlich  bei  sehr  groBer  Tiefe  den  Betrieb  Ton 
Brunnen  einstellen  lieBe^  so  fUhrt  dagegen  die  Be- 
trachtung  eines  an  den  Spiegel  reicbenden  Sanlen- 
elementes  von  der  kleinen  mittleren  Hdhe  £  und 
der  Grundflache  dx  dy  zu  einer  anderen  Beziehong. 
Wenn  h  die  Spiegelbobe  und  9  die  Standrohr- 
spiegelhobe  tlber  einer  Gleicbe  bedeutet,  betragt  die 
Gescbwindigkeit  in  der  rr-Richtung  der  absoluten 

GroBe  nach  h-^*    Da  nun  die  senkrecbt  zur  a;-Ricbtung  stebenden 


i 


U-.  d 


dx 


dh  dx 


Seitenflachen  des  Elementes  «  ±  ^—  -^  boch  sind,  betragt  der  Cber- 


dx  2 


scbuB  des  Einlaufes  in  der  rr-Bichtung  fiber  den  Auslauf 

■r-dxdy  '  1c~, 

dx         ^        dx' 

wahrend  man  senkrecbt  zur  rr-Ricbtung  den  tFberschuB 


dh 


dxdy 'h 


dy 


1)  Ders,,  Pane,  C.  R.  187  (1908),  S.  6;  Journ.  de  math.  (6)  10  (1904),  S-  17. 

2)  Ders.,  Journ.  de  math.  (6)  10  (1904),  8.  20.  E.  Fischer  schloB  aus  den 
Versiegekurven  der  Quellen  von  Serino,  Studio  (1918),  S.  SOf.,  welcher  Tail  de* 
AusfluBses  nach  Regenf&Uen  aus  dem  Yorrat  stammt,  und  ermittelte  so  den  Zu- 
sammenhang  zwischen  Regen  und  Abflufi. 
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hat.  In  der  xr-Richtrmg  kann  nur  tod  unten  Wasser  zu-  oder  abfliefien 
und  zwar,  wenn  man  die  a  yon  unten  nach  oben  mifit,  in  der  Menge 

—  dxdy  •k-^' 

Da  nun  das  aufwarts  wachsende  Element  in  der  Zeit  bei  einem  Poren- 

Ol 

yerhaltnis  fi  seinen  Wasserinhalt  um  fi  ^-dxdy  vermehrt^  folgt  aus  der 

Raumbedingung 

(820)  ,»_i(_||  +  »||  +  m). 

Till  Tih. 

welcher  Ausdruck  far  flache  Neigungen  ^  und  j-  und  geringe  wag- 

rechte  Geschwindigkeitskomponenten  k-^  und  k-^  sicli  zu 

dh ,  d^ 

abkurzt.  Hierfiir  kann  an  der  Oberflache^  weil  sie  zugleich  den  Stand- 
rohrspiegel  ihrer  Punkte  bildet^ 

(321)  If  -  -  A IJ 

gesehrieben  werden,  wonach  to  die  Oberflache 

(321a)  ,p^F{x,y,g-^-t) 

gilt,  namlich  9  eine  Funktion  von  x,  y  und  z 1  ist.  Die  Oberflachen- 

punkte^  die  zur  Zeit  Null 

fp^h^F{x,y,0) 

batten^  rdcken  also  mit  der  Schnelligkeit  k :  ft  aufwarts.  Batissinesq^) 
fiibrt  nun  aus,  daB  in  unendlich  tiefem  Orundwasser  letztere  Beziebung 
aucb  far  die  librige  Masse  gilt  und  daS  die  Bewegung  dadurcb  aufbort, 
daB  die  Oberflacbenteilcben  die  Ebene  des  Bubespiegels  erreicben'). 


XTL  Binwirkung  des  Wassers  auf  das  FlnBbett  oder  den 

Meeresgmnd. 

130,  Die  Geschiebeabnntzung.  Bisber  wurde  nur  die  mannigfacbe 
Bewegungsweise  des  Wassers  der  Betracbtung  unterzogen,  das  Gefafi 
oder  Bett,  welcbe  diese  Bewegung  veranlaBt,  aber  als  gegeben  angeseben, 
nunmebr  soil  im  Gegenteil  die  Untersucbung  auf  die  mecbaniscbe^) 
Wirkung  ausgedebnt  werden,  welcbe  das  Wasser  unter  Umstanden  auf 


1)  Joam.  de  math.  (5)  10  (1904),  S,  368. 

2)  Ebenda  S.  890.    Dutch  eis  Versehen  eteht  daselbst  n :  k  statt  k :  ft. 
8)  Die  chemi8che  Wiikimg  wild  also  nicht  in  Betracht  gezogen. 

80* 
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seine  Wandung  ausubt.  Es  handelt  sich  hierbei  um  jene  natiirlichen 
Wasserlaufe,  welclie  nicht  in  feste  Fels-  oder  Tonbetten  eingezwangt 
sind^  sondem  ein  bewegliches  Bett  besitzen^  dessen  mehr  oder  weniger 
losen  Bestandteile  sie  selbst  bei  ihrem  Laufe  aufhoben^  abtragen  und 
verandem.  Diese  losen  Bestandteile  konnen  in  zwei  Elassen  gesondert 
werden,  in  barte  Komer,  wie  Sand,  Eiesel,  Blocke,  welcbe  mit  dem  ein- 
beitlicben  Namen  Gescbiebe^)  bezeicbnet  werden,  und  in  weicbe,  mehr 
zusammenbangende  lebmige  Massen,  die  den  Namen  Scblick^  Scblamm 
oder  Silt*)  fiibren. 

Die  Oescbiebe  stammen  aus  dem  Felsgebirge  des  FluSgebietes,  sei 
es  immittelbar^  sei  es,  nacbdem  sie  vorber  nocb  in  Scbicbten  abgelagert 
wurden,  uber  deren  Entstebimg  die  Geologie  Auskunft  gibt.  Wie  dem  aucb 
im  besonderen  Falle  sei,  so  ist  den  Gescbieben  eine  Eigenscbaft  gemein- 
sam:  sie  werden  im  grofien  ganzen  von  denQuellen  nacb  den  Miindungen 
bin  kleiner.  Diese  Erscbeinung  ist  vielfacb  durcb  die  andere  Erscbeinung 
erklart  worden,  dafi  das  Flu£gef  alle  stromab  abzunebmen  pflegt,  so  dafi 
die  Stromung  nicbt  imstande  sei,  die  groBeren  Gescbiebe  so  weit  fortzu- 
scbaffen  wie  die  feineren.  Fur  die  Ursacbe  der  Gef  allabnabme  bleiben  aber 
die  Anbanger  dieser  Tbeorie  die  Antwort  scbuldig.  Der  Erklarung  kann 
daber  nicbt  zugestimmt  werden:  Ursacbe  und  Wirkung  erscbeinen  bei  ibr 
yertauscbt.  Nicbt  die  Gef allsabnabme,  sondem  die  GroBenabnabme  der 
Gescbiebe  ist  die  primare  Erscbeinung  und  erstere  —  wie  sicb  nocb  zeigen 
wird  —  eine  Folge  der  letzteren.  Die  Gescbiebeabnabme  aber  erklart 
sicb  ungezwungen  durcb  den  Abrieb,  welcben  die  Gescbiebe  auf  ihrem 
Wege  erdulden  und  der  sich  aucb  darin  aufiert/  dafi  die  Gescbiebe  am 
so  runder  werden,  je  weiter  sie  gewandert  sind*).  Selbst  die  petrogra- 
phische  Bescbaffenheit  bietet  fur  die  Tatsachlichkeit  des  Abriebes  einen 
Beleg,  indem  —  wenn  keine  neuen  anderweitigen  Zufdhren  stattfinden 
—  das  Geschiebegemenge  auf  seinem  Wege  immer  quarzreicher  wird. 
Neben  dem  Abrieb  findet  unter  Umstanden  aucb  ein  Zerschlagen  der 
Steine  statt,  wie  man  dies  z.  B.  an  schieferigen  Bruchstiicken  am  Rhein 
in  Yorarlberg  beobachten  kann,  aber  dieses  Zerschlagen  ist  im  langsam 
fliefienden  Strome  eine  Ausnabme.  Anders  in  den  Gebii^wassem,  so 
dafi  z.  B.  E.  Fugger  und  K.  Kastner  auf  Grund  umfassender  Gescbiebe- 

1)  B.  Hoemes  empfiehlt  in  den  Verhandlungen  der  k.  k.  geologischen  Reichs- 
anatalt  1911,  S.  267  das  Wort  Gescbiebe  nur  auf  die  Steine  in  Wasserl&nfen,  da« 
Wort  6er5lle  nnr  auf  die  des  Meeres  anznwenden. 

2)  Letzteren  in  England  gebr&ucblicbeD  Namen  bevorzngt  JS.  Svtefi,  Boden 
der  Stadt  Wien,  Wien  1862,  S.  86. 

8)  Wo  die  kleinsten  SandkOmer  eckiger  als  die  grdfieren  sind,  kommt  das 
nacb  HUbhe^  Z.  f.  Bauw.  11  (1861),  Sp.  26  daber,  dafi  sie  scbwebend,  letzteie  ab«r 
roUend  gefSrdert  wurden. 
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untersucliungeii  erklaren  konnten^  dafi  die  Yerkleinening  der  Schotter- 
steine  beim  Transporte  yon  den  Quellen  der  Salzach  iind  ihrer  Neben- 
fliisse  bis  binaus  in  die  Ebene  weniger  durcb  Abreiben  als  durcb  Zer- 
trtlnimerang  der  RoUsteine  gescbehe^).  Wahrend  so  die  Eomer  immer 
kleiner  werden^  bewirkt  das  abgeriebene  Gestein  selbst  nur  eine  Trii- 
bung  des  Wassers^  denn  aus  ibm  und  den  tonigen  Stoffen  des  Gelandes 
bildet  sicb  erwabnter  Schlick,  der  an  robigen  Stellen^  anf  dem  Orunde 
der  Binnenseen  und  namentlicb  im  Unterlauf  und  an  den  Miindungen  im 
Meer  zur  Ablagerung  gelangt.  Wie  im  einzehien  der  Abrieb  erfolgt^  ist 
nicht  leicbt  zu  sagen;  denn  die  Steine  werden  kaum  auf  ibrer  TTnterlage 
geschoben');  wie  spater  gescbildert  werden  wird,  kann  ihre  Bewegung 
eber  ein  RoUen  oder  Hdpfen  sein.  Ja^  sie  legen  bei  Hocbwasser  oft 
grofiere  Strecken  schwebend  im  Wasser  zurdck.  Dabei  scblagen  sie  aber 
aneinander  und  bei  starker  Stromung  sogar  mit  Heftigkeit.  So  geschiebt 
es  bei  Verwendung  von  Woltmannfliigeln  zur  Feststellung  von  Hoch- 
wasserdurchflfissen^  wobei  freilich  die  Vorriehtung  durcb  ein  Seil  ge- 
baiten  wird,  baufig,  dafi  die  Schraubenfliigel  durcb  auftreffende  Steine 
verbogen  werden.  Es  ist  offenbar  scbwer^  fiir  die  angedeuteten  verscbie- 
denen  Abniitzungsweisen  den  richtigen  matbematiscben  Ausdruck  zu 
finden;  immerbin  erscbeint  es  statthaft,  die  Arbeit,  die  zur  Fortscha£Fung 
eines  Geschiebestiickes%ndtig  ist,  einerseits  dem  Produkte  aus  seinem 
Gewicbte  und  seinem  Wege,  andererseits  seiner  Abnutzung  proportional 
anzunebmen  und  biermit  der  Auffassung  H,  Sternberg^  beizupflicbten. 

Derselbe')  nimmt  namlicb  an,  dafi  wenn  ein  Geschiebstiick  stromab 
getrieben  wird,  der  Wasserstofi  den  Reibungswiderstand  q>P  nur  unbe- 
deutend  tlbertrifft  und  dieser  dem  Gewichte  P  des  Gescbiebestuckes 
proportional  ist,  ferner,  dafi  Proportionalitat  zwiscben  der  Yerkleine- 
rung  des  Stuckes  und  dem  Produkt  aus  dem  Reibungswiderstande  und 
der  Wegelange  herrscht.  Das  Korngewicht  P  verringere  sicb  also  fort- 
wahrend,  wenn  die  Flufilange  x  stromauf  gemessen  wird,  nach  dem  Gesetze 

(322)  dP^c^tpPdx    Oder    P-Poe*^*^', 


1)  Beilage  zu  Mitteilungen  der  k.  k.  geografisch.  GeBellsch.  38  (1895)  »- 
Donan-Studien,  3.  Abhandl.,  S.  143. 

2)  E.  Suefi  nimmt  im  „Boden  der  Stadt  Wien",  S.  65  an,  dafi  der  Belve- 
dere-Schotter  seine  keilf5rmige  ZaschSjfung  der  einen  Seite  dnrch  das  Schieben 
erhalten  habe.  Die  wesentLiche  Ursache  ist  aber  wohl  in  der  petrographischen 
Beschaflfenheit  zu  snchen. 

8)  Z.  £  Bauw.  25  (1876),  Sp.  488  u.  f.  Der  von  Sternberg  geteilten  Auffassung 
hat  bereits,  jedoch  ohne  Bechnung  2>.  Guglidmini  (lebte  1655—1710)  Ausdmck 
gegeben :  Baccolta  d^autori  italiani  2  (Bologna  1822),  S.  842 :  della  linea  cadente 
dei  fiumi  che  corrono  in  ghiara,  opusculo  inedito. 
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worin  C|  eine  Konstante  and  P^  das  Geschiebegewicht  an  der  Stelle 
rr  —  0  bedentet.  Eine  gewisse  Kontrolle;  wie  wait  diese  Formel  Zutraaen 
Terdienty  gestatten  Messongen,  die  F.  von  Hochenburger  an  der  Mur  vor- 
nahm.  Das  Geschiebe  nahm  daselbst  auf  120  km  Lange  yon  6raz  nach 
Manth-Eichdorf  regelmafiig  an  Grofie  ab,  and  die  Abnahmeknnre  zeigt, 
wie  W.Hei/ne^)  fand^  eine  bemerkenswertetTbereinstimmnngmit  GL(322), 
80  wie  nachstehende  Znsammenstellong  der  gemessenen  GroBen  der  mitt- 
leren  Geschiebe^  mit  den  Ton  Heyne  nnter  Annahme  eines  gCinstigen 
Wertes  yon  c^  berechneten  Grofien  zeigt: 

km:        0       10         26       56 
,|geme8sen:     224     184       132       81 
^^  Iberechnet:    224     183,4     133,2     73,2 

Fiir  den  Exponenten  c^tp  gilt  f5r  (lie  Strecke  Graz-UntermauthdorF  nach 
diesen  Zahlen  (also  f£lr  x  in  km  und  P :  P^  als  Yerbaltnis) 

c.<p  -  i.  lognat-^-  -  ii«JL«^_(«^Ai«l)  .  0,0181km-. 

Nimmt  man  statt  der  mittleren  Stiicke  die  grofiten,  die  von  Hotken- 
burger  anffand,  so  hat  man  statt  dessen 

c,  9  =  ^'>g-^^^-'^)  _  0,0319  km-  \ 

Am  Rhein  fand  H.  Sternberg^,  auf  Grund  der  im  Eubikfofi  enthaltenen 
Stiickzahl,  je  nachdem  er  diese  Zahlen  kombinierte,  f£lr  c^  g>  Werte,  die 
zwischen  0,008  nnd  0,026  km~"*  lagen. 

Es  ist  yon  Interesse,  diese  Abnahmen  mit  den  Abnntzungen  zu 
yergleichen,  die  Steine  in  mechanischen  Yerrichtungen^)  erleiden.  G.  A. 
Daubree  liefi  eckige  Bruchstiicke  in  einer  Trommel  nmlaufen;  zunachst 
nutzten  sich  dieselben  sehr  rasch  ab,  indem  die  Eanten  abgeschliffen 
wurden,  so  daB  die  Granitbrocken  40  Prozent  ihres  Gewichtes  yerloren, 
nachdem  sie  25  km  znrdckgelegt  batten,  spater  aber  nach  erlangter 
Rundung  biifiten  sie  nur  mehr  0,1  bis  0,4  Prozent  ihres  Gewichtes  auf 
einem  km  ein,  c^tp  war  also  0,001  bis  0,004  km~^  Er  fand  femer  bei 
Eckig.  Feldspat    Rondem  Feldspat    Obsidian  Serpentin         Feaerstein 

c,  9 -0,003  0,002  0,003  0,003  0,0002  km- ^ 

E,  Erdmann  liefi  Fragmente  in  einem  gepfiasterten  Trog  schaukeln  und 
fand  fOr  eckige  bzw.  runde  Stdcke  bei  6,88  km  bzw.  weiteren  13,54  km 
Weg  fiir 

1)  Wochenschr.  d.  Osterr.  Ing.-  u.  Arch.-Ver.  11  (1886),  8.  261. 

2)  F.  V,  Hochenburger,  Ober  Geschiebebewegung  und  Eintiefang  flieSender 
Gew&Bser  66,  Leipzig  1886,  S.  162. 

3)  Z.  f.  Bauw.  1876,  Sp.  496.    Sternberg^  I  ist  —  c^  <jp :  3000. 

4)  A.  Penek,  Morphologie  der  Erdoberfl&che,  1.  Tail,  Stattgart  1894,  8.  293. 
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Orthoceraa-  Edmigen  Eambrischen  Rh&tischen 
Granit      Ealkstein     Kalkstein     Sandgiein      Sandstein     Tonschiefer 

Oj  9 -0,003  0,0129  0,0092  0,0072  0,00585  0,00159  km- ^ 
Cj9)- 0,0042     0,0183      0,0143      0,0075      0,00738      0,00316  km-^ 

DaB  hier  die  eckigen  Stiicke  sich  weniger  als  die  randen  abnutzen,  la£t 

vermuten,  daB  sie  sich  sanfter  bewegten,  und  macbt  es  begreiflich,  daB 

Erdmanns  Zablen  sowie  librigens  auch  die  Daubreea  kleiner  aid  die  in 

Flussen  erbobenen  sind. 

E.  Fugger  und  K,  Kastner^)  ermittelten  dorcb  ausgedehnte  Mes- 

sungen,  daB  das  Yerhaltnis  derVerluste  der  verschiedenen  Steingruppen 

zu  dem  Yerlust  der  Ealkstiicke  auf  der  36,5  km  laugen  Salzacbstrecke 

Laufen-Acb  das  folgende  ist: 

Granit,  Gneis,  Weifistein,  Feldspat,  Amphibolit,  Serpentin,  Angit, 

Diorit,  Magnetit,  Granat,  HornBtein 0,4 

Glimmerschiefer,   Gr&iBchiefer,  Amphibolschiefer,   Chloritschiefer, 

Werfener  Sandstein 0,6 

Quarze,  Werfener  Schiefer 0,7 

Mergel  and  Sandsteine  des  Flysch,  NeocomsandBtein 0,8 

Urkalk,  moBOzoiBche  Ealke 1 

PhylUte 1,7 

MeBOzoiBche  Dolomite,  Silorkalk 2,5 

Sie  liberzeugten  sich  auch,  daB  die  Gesteine  im  flieBenden  Wasser,  sei 
es  durch  Loslichkeit,  sei  es  durch  seinen  StoB,  an  Gewicht  verlieren 
und  schatzten  den  Gewichtsverlust  des  Schotters  auf  mehr  als  0,0001 
fur  je  1000  m*  flieBendes  Wassers*). 

131.  BeEiehung  zwisohen  GesohiebegrSfie  und  Gesohwindigkeit. 

Es  ist  oben  (s.  Gl.  (242))  angegeben  worden,  daB  der  Widerstand  einer 
Eugel  Tom  Halbmesser  a  gegen  ihre  Yerschiebung  durch  stromendes 

Wasser  von  der  Geschwindigkeit  v  seit  Newton  durch  S:rya*-r—  ausge- 

drQckt  wird,  wobei  J.  A.  Eytdwein  g  «  0,79  bestimmte.  Denkt  man  sich 
den  Widerstand  durch  die  Reibung  auf  der  Unterflache  geleistet,  so  hat 
man  bei  einem  Eigengewichte  y^  der  Eugel  und  einer  Reibungsziffer  97, 
wenn  u^  die  Sohlengeschwindigkeit  bezeichnet, 

womit  sich 

(323)      u/  =  ^1-  -^^y^^  a     (oder  =  33,l'?^  '^tpamiil^  0,79) 

ergibt.  Auch  fQr  die  ellipsoidischen  Geschiebe  muB  die  Sohlengeschwin- 
digkeit, welche  sie  in  Bewegung  bringt,  der  Quadratwurzel  ihrer  Langen- 
dimensionen  oder  bei  einem  Geschiebegewichte  P  im  Wasser  der  GroBe 

1)  Donau-Studien,  3.  Abh.,  1895,  S.  47,  136.        2)  Ebenda  S.  141. 
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T^f*  proportional  sein.  Bei  EinfQhmng  einer  Eonstante  tf^  wQrde  also 
ftlr  einander  ahnliches  Gerolle 

(324)  M,-<PiPV. 

gelten.  Dies  hat  zuerst  A.  JBrahms^^  ausgesprocheii;  dann  W>Avry^ 
wiederholt^  und  H.Law^)  hat  hierzu  bemerkt,  daB  diese  Proportionalitat 
sich  auch  ergibt,  wenn  der  Stein  nicht  geschoben^  sondern  gekippt  oder 
geroUt  wird.  Qanz  unveranderlich  wird,  wie  G,  Y.  Wisner*)  hervorhebt^ 
in  (324)  9^  allerdings  nicht  sein,  da  die  Ablenkung  der  Wasserfaden 
ein  wenig  yom  Qnerschnitt  des  Wasserlaufes  abhangt. 

Betrachtet  man  mit  H.  Sternberg^)  2a  als  den  Durchmesser  des 
Mittelkreises  der  einander  ahnlich  gedachten  Umdrehangsellipsoide,  so 
kann  man  (324)  auch  in  der  Form 

(324a)  u^^t^yWd 

schreiben,  in  welchen  u^  in  msec"^  und  2a  in  m  ausgedriickt  werden 
moge. 

Die  ersten  einschlagigen  Yersuche  nahm  L.  G.  du  Btiat^  yot,  wel- 
cher  die  Geschwindigkeiten  zu  ermittehi  trachtete,  bei  welchen  die  yer- 
schiedenen  Stoffe  eben  noch  widerstanden.  Er  fand 
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1)  Anfangflgrfinde  der  Deich-  u.  Wasserbaukunst,  Aurich  1768,  8.  108. 

2)  Min.  Proc.  Inst.  Civ.  Eng.  23  (1834),  S.  227;  82  (1885),  S.  26. 
8)  Ebenda  82  (1885),  S.  29. 

4)  Am.  Soc.  Giy.  Eng.  Trans.  36  (1897),  S.  888. 

6)  Z.  f.  Bauw.  26  (1876),  Sp.  485. 

6)  Principes  d^hydraulique  2,  Paris  1816,  S.  94,  95. 
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Nacli  Th,  Telford^)  werden  bei  0,203  m  sec~^  Geschwindigkeit  Komer 
Ton  Feuersteingrofie  gehoben,  bei  0,61  m  seer^  Geachiebe  von  2,5  cm  Dmn 
fortgeroUt  und  bei  0,91  mBec~^  eckige  Steine  Ton  Hiilinereigrofie  weg- 
gefegt.  (Mit  w,-  0,61  und  2a  =  0,026  erhalt  man  gj  =  3,86.) 

Nach  F.  A.  Umpfenbach^  enthalt  das  Bett  kleinerer  Flflsse  bei  den 
Geschwindigkeiten  Uq  an  der  Oberflache  (und  entsprechend  kleinerem  uj 
folgende  Stoffe  (ftlr  welche  Sternberg  2  a  schatzt  und  hiemach  i^  be- 
rechnet): 


I                        - 

1 

Eorngrdfie 

ii^ 

Nach  Sternberg 

m  aec"  * 

2  a  (in  m) 

(inm*'*Bec~') 

Eies  Ton  0,026  m  Durchmesaer .    .    . 

„       „    0,062,,            „            ... 

1  Steine  von  0,00616  m*  Inhalt    .    .    . 

'       „         „     0,0809    „        „         ... 

„     0,0618     „         „         ... 

0,942 
1,669 
2,197 
8,138 
4,708 

0,026 
0,062 
0,170 
0,809 
0,390 

8,60 

4,08          I 
8,20          1 
8,39 
4,62 

Nach  Funic  ist  fttr  GranitgerSlle  von  0,048  bis  0,06  m  Dicke  die 
Oberflachengeschwindigkeit  »  1,74  m  sec  ^,  wonach  hier  Sternberg 
f,  =-»  4,75  bis  4,24  m*/»sec""^  schatzt.  "Oberhaupt  aber  kommt  Sternberg 
zur  Ansicht,  dafi  im  Mittel 

(324  b)  w.-=4/2a 

sei. 

F,  Redtenbacher^)  sagt,  es  dUrfe,  damit  das  Grundbett  nicht  aufge- 
wtLhlt  werde,  die  Geschwindigkeit  in  m  sec~^  am  Grunde  folgende  Werte 
nicht  fiberschreiten: 


AnfgelSste  Erde       Fetter  Ton 
0,076  0,152 

Eckige  Kiesel        Eonglomerat 
1,22  1,52 


Sand  Kiesel        Runde  Kiesel 

0,305         0,609  0,914 

Geschichteter  Fels    Ung^schichteter  Fels 
1,83  3,05 


Sainjcn*^)  maB  in  der  Loire  sowohl  die  mittlere  Geschwindigkeit  U 

als  auch  jene  u,  an  der  Sohle,  bei  welcher  die  Bewegung  begann,  und 

fand  fClr  die 

Kieseldmr.     cm    0,26      1       4       10      17      38      67 
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1)  J,  Biekman,  Life  of  Thomas  Telford,  London  1838,  S.  676. 

2)  Theorie  des  Nenbaues,  der  Herstellung  u.  Unterhaltang  der  KunststraAe, 
Berlin  1880,  S.  6. 

3)  Resnltate  f.  d.  Mascbinenbau,  2.  Aufl.  1862,  S.  128. 

4)  Mitgeteilt  von  Partiot  in  Ann.  d.  ponts  et  chanss.  (6)  1  (1871^),  S.  261. 
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wonach,  wenn  man  den  Durchmesser  als  2a  anffaBt^  5i  =  4,7  bis  5,0 
in*/»sec~^  herauskommt. 

Nach  T.  E.  Blackwdl^\  welcher  Versuche  in  Hinblick  auf  die  Spfi- 
lung  von  Abwasserkanalen  machte,  yerhalten  sich  Geschiebe  wie  in  der 
Tabelle  auf  S.  475  angegeben  ist. 

Eine  Nachrechnnng  zeigt,  dafi  bei  den  BlackwelX^(Ai&n.  Yersuchen 
mit  Ealkstein,  Feuerstein  und  Oranit  u, :  y2a  etwa  ron  4,6  bis  zum 
kleinen  Wert  2,7  sank,  der  sich  diircb  die  Glatte  der  Sohle  erklart. 

Im  Jahre  1874  mafi  Sttchier^)  im  Oberrhein  bei  Alt-Breisach  5  cm 

liber  der  Sohle  die  Geschwindigkeiten  und  beobachtete  hierbei  nach- 

stehende  Erscbeinungen: 

Geschwindigkeit:    msec^ 

Sohle  beschlickt;  selbst  bei  Anfruhren  wandern  die  kleinsten  Eiesel  nicht  0,694 

Sohle  beschlickt,  nach  Anfruhren  wandern  Geschiebe  bis  zn  Erbsengr5fie  0,784 

bis  zn  Bohnengrdfie     .    .    .  0,897    bis  zu  Haselnnfigrafie  .    .    .  0,92S 

bis  zn  WallnnfigrOfie  .    .    .   t,062    bis  zn  Taubeneigr5fie  .    .    .  1,123 

Grenze  des  beschlickten  Gmndes;   die  kleinsten  Kiesel  bewegen  sich 

freiwillig 1,180 

Sohle  blank  mit  yereinzelten  beschlickten  Steinen.  Freiwillige  Bewegnng 

Yon  Erbsen-  bis  Haselnufigr50e 1,247 

Enistemdes  Ger&nsch  dnrch  gegenseitige  Reibung 1,3 

Es  laufen  Geschiebe  bis  zu  Wallnufigr^Be  und  nach  Aufnlhxen  solche 

bis  zu  260  g 1,476 

Manche  grofie  Steine  laufen 1,689 

Sohle  noch  mit  den  grofien  beschlickten  Steinen  bes&t.  Bewegnng  gut 

hOrbar,  im  allgemeinen  auf  Geschiebe  bis  Taubeneigr5fie  beschr&nkt  1,623 

Noch  liegen  grofie  beschlickte  Steine  von  durchschnittlich  2  kg.    Be- 
wegnng meist  bis  Hdhnereigrdfie,  doch  ausnahmsweise  bis  zu  1,6  kg  1,717 

Es  liegen  yereinzelte  beschlickte  Steine  von  2,6  kg;  solche  unter  2,6  kg 

laufen  bereits 1,800 

AUes  ist  in  Bewegnng,  starkes  Ger&rUsch 2,068 

L.  Framitis^)  machte  die  Erfahrung,  dafi  die  mittleren  Geschwin- 
digkeiten Z7,  welche  merkliche  Bewegungen  yeranlassen,  sind  bei 

feinem  Sand  oder  Schlamm 0,6msec~^ 

Mauersand 1        „ 

gebundenem,  tonigem  oder  sehr  grobem  Sand.    .1,6     „ 
grobem  Eies  oder  festem  Klai 2        „ 

Sonstige  Angaben  machten  J.  D.  Forbes^),  B.  Luini^)  u.  a.  m. 

1)  Zitiert  y.  A.  Penck,  Morphologie  1,  Stuttgart  1894,  S.  281  nach  Beardmarej 
Manual  of  Hydrology,  London  1872,  S.  7. 

2)  Deutsche  Bauztg.  17  (1883),  S.  332. 

3)  Handbuch  der  Baukunde,  Abt.  8,  Heft  2,  Wasserbau,  Berlin  1890,  S.  162. 

4)  Edinburgh,  Proc.  Roy.  Soc.  3  (1866/7),  S.  474. 
6)  Politecnico  41  (1893),  S.  398. 


181.  BezieHang  zwisclieii  GeschiebegrOfie  und  Geschwindigkeit         475 


o 

CO 

a. 


to 

•9 


B  . 
B  . 


O 

CD 
OD 
O 

I— • 

S- 


Q 


OQ 


-    S*2   - 


=    3     S 


►1 


I— - 

pr 

5- 


o 


'  § 


OB    , 

o 

9 


O 

0  ' 


<9 


O 

o  -    - 
I 

g-  • 
«■•  • 

0    .      . 

9 


O 


'  1 

I-  — 

1 

c»o«cefeOt^feO»eoiei^oi^a>iP»Mooii^ODfe9aDa»i^>»9a»i^ODBeoDa> 

■ 

I  I  I  I 


I     1^  00  0>  09  Oi  M 
0«  P^  <0  «0  -4  1^ 

*       «•         •«  ■«  «•«•«« 

OO  00  h^  O  0«  h-» 


fe0lf^0>0»09«D0»090Db8OO0SOQ0t^*4t0t9O 
Q0«O^Q0M'<0<0<Oi^«90009<e«0«0fe900O»80» 

|fWO«09|^«Ol-^<OMQOO««OCOtO-4-^0«OHA<OBe 


O  O  H*  O  »-»  09  M 
O  O  -a  O^  •I  t9  0« 


ifki^  o»o»o»<oaDOOQOfeOo»o»otadi-* 

0>»i^  a>«4a>oo»ooa>»09a»*a*a«>4 


^  a^  ^m  ^v  ^v  ^v  ^  ^m  ^w  ^v  ^v  ^v 

OOi-^O»-»09mPh^i-aOO 

000*0090* 


Geschwindigkeiten,  mit  denen  sich  die  Geschiebe  bewegten. 

fig  BB  Beginn  der  Bewegung 


u 


OK) 


»l      I     I     I     I     I      I     I     I     I     l(g^l     I     I     I     I     I      I     I     I     i 


OK) 


I  I  I  I  I  I  I  I  I  I  I  rcg^l  I  I  I  I  I  I  I  I 


I   Icg'l   i   I   I   i   I   I  I   I   I   I   I   I   I   I   I   l(gPl 


I  I  I  \ffSS\  I  I  I  I 


I    I  u  I    I  tdbd  I    I  td 


l-g"'"!  I 


09 


I   I   I   1   15"  » 


I  1 1 1^1  I  5' 5  I 


^ » I  I  I  g I  I ^^ I  i 


o  o  o 


00^  09  00  00         o       ^ 


I  I  I  I 


I  I  I  I 


"III 


9) 


I    I    Cd  W 


OK)  9) 


W- 


»0 


OQ  J2 


o      o 
w  I  "Vo  I 


OK) 


o  o 


o 


I  I  V  w  I II W  I  I  II  I  II  I  5  I  1 1 1  I  l-g"  I  II  l-g" 


'!>  ■  1 1 


I  I  I  I  I  l'< 


*^    H*  0»  H- 


jD  O 
00  I  "U'oo 

O         OS  ^ 


to 


O  O  O  O  O  O 


o  o  o  o  o  o 


o        o        o  ^  ^  ^  ^  ^  ^  ^        ^^^^^^  ^ 

I   "O*    I    ^00    I    'co    I      I      I    "lo"fcO  OiVwV    I      I    V    I    VW  09  osV    I      I      I    "o* 


J-^J-'  I  I 

Oi  o« 
^-  00      OQ  I 


B 

0 

0 

OK) 

OQ 
CD 

m 
o 

cr 

a. 

0 
p' 


o  o 

w 

•« 

o» 

o» 

«D 

H* 

O  O  1 

1* 

-^ 

o> 

Oi 

(O 

o  o 

00  -a 

O  o 

O  00 


o  o 

CO  <o 


>-  o 
o  <o  ' 

-4  CO 


p 
5 


CD 

o 


o  o  o  o  o 


o  o  o 


o  o 


b)  I    I    I    I   09  I    I    I    I  "os  I  "oiVVoo  o«  I   o*  I    I  Voodoo  I  "oo  I  Voo 
^  'oD  'i^'ip»H*o»oif^'-^'        i^«aoD'-a'o>oo 


o  o 


o  o 


o  o  o  o  o 


I    I    I  Vo9  I    I  "(R  00  I    I    I   o«V  I   00  I  V  I   o«  o»  o«'osV  I    I    I    I  V 


o  o  o  o  o 

•«       «#       «tf        ««        ^ 

•4  a>  1^  1^  if>> 
O  o«  -a  A  iph 


o  o       ,  pjs 

IK  *^  00  OD 


o  o 


I  si   I  I  gl   I   I   Is'   I  22  I   I 


o  o 


I    I    I  '«  I    I  -a  I  '»  I  V  I    I    I    I  V  I    I    I    I  V  I    I    I    I  '»'«  I  '» 


II   I   l> 


|-|lf  I  I  I  I  i|l  I  I  I  l|l  I  I  l|-|-2 

0«        1^  0»  00  o  o  o 


Hk   O 

1^  >4 


to  »-« 


CO 

p  < 


oo  to  ' 

o  to  > 


00  00 

^  o 


I  I  I  I  I  I  I  I  I  si  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


1   l^ 

oa 

o« 

•1 

Hk 

h^ 

«« 

•« 

o« 

»► 

to 

o« 

476    XYL  Einwirkung  des  Wassers  anf  das  Flufibett  oder  den  Meeresgnmd 

Endlich  stellte  A.  SchoTditsch  auf  Grmid  von  Versuchen^),  die  aller- 
dings  nur  bis  zu  8  cm  Wassertiefe  gingen,  die  Kegel  auf,  daS  ein  6e- 
schiebestiick^  das  frei  auf  einer  Sohle  aus  mit  ibm  gleichem  Geschiebe 
ruht^  eben  in  Bewegung  kommt,  wenn 


(325)      yAo«^o=  yO,385yj(y,-y)  AF-  l/0^01y(y,-y)i(2a)» 

ist.  Hierin  ist  \  die  Wassertiefe  in  m^  e/g  das  Spiegelgefalle,  y  das 
Eigengewicht  des  Wassers^  y^  jenes  des  Gesteines^  V  das  Yolumen  eines 
Geschiebekomes  in  m',  2a  dessen  mittlerer  Durchmesser  in  m,  A  eine 
Formziffer^  die  filr 

Engeln  Sand  Bruchstncke        Schieferbl&tichen 

1  1,15  bis  1,35  3,1  4,4 

betragt.  Ruht  das  Einzelkom  auf  einer  Sohle  aus  Eomem  Tom  Yolu- 
men F,,  so  nekme  \J^  ab  und  es  werde 


(S26.)  ,*./.-  >'»••«•'.('.-')"' 


+  t/'0.»(-^-.) 


Letzteren  Ausdruck  hat  der  Genannte  f^r  Steinblocke  von  0,15  bis 
0,3  m'  im  Miihlbach  im  Deffereggental,  der  Deffere^er  Ache,  dem 
Schnalserbach  und  der  Passer  stimmend  gefunden. 

Nach  (325)  hangt  die  Grofie  des  in  Bewegung  kommenden  6e- 
schiebes  nur  von  \Jq  ab.  Da  nun  diese  GroBe  mit  der  Sohlengeschwin- 
digkeit  in  bestimmter  Beziehung  stehen  mu£,  besagt  (325),  daS  die 
Sohlengeschwindigkeit  bei  gegebener  Geschiebegrofie  also  gegebener 
Rauhigkeit  n  nur  vom  Produkte  \Jq  und  nicht  von  seinen  EinzeUekk- 
toren  \  und  J^  abhangt. 

Gleichung  (325)  gibt  zu  folgender  Erwagung')  AnlaB.  Bezeichnet 
man  mit  m,  n,  c^,  c,, . . .  konstante  Grofien,  so  kann  man  fur  die  Schwere- 
komponente  und  Sohlenreibung  (allgemeiner  als  Baussinesqy  der  nach 
Gl.  (61  d)  hJ  =  JBm/  setzt) 
(325  b)  KJo--c^u;^ 

annehmen.  Desgleichen  kann  man  recht  allgemein  den  Stromungsdruck 
auf  eine  yereinzelt  vorstehende  Flache  eines  Steines,  bei  dem  die  seinem 
Gewicht  proportionale  Reibung  auf  seiner  Unterlage  soeben  uberwun- 
den  wird, 
(325  c)  c,a*M,»=Cja» 

1)  Im  hydrotechnischen  Laboratorinm  d.  technischen  Hochschule  in  Giaz. 
fiiflher  nnverOffentlicht. 

2)  PA.  Forchheimer,  bisher  anver5ffentlicfat. 
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m 
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setzen.  Man  hat  dann  zonachst 

oder  in  Verbindung  mit  (325  b) 

(325d)  A„Ji-.c,(^)"o^. 

Nach  der  Erfahrungsgleicbung  (325)  soil  nun 

Bein,  wonach  man 

(325e)  —  =«  —     oder    n  -=  -r-  m 

erhalt.  Es  ist  zwar  wahrscheinlicb^  daB  in  den  Fliissen  m  den  Wert  2 
besitzt^  aber  in  Hinblick  anf  die  Reibung  in  Rohren,  an  Schiffsflachen  new. 
nicbt  ausgeschlossen^  dafi  er  etwa  bis  1,8  sinken  konne,  so  dafi  n  zwi- 
scben Ys  und  Ys  zu  liegen  kame.  Das  stebt  in  Widerspruch  mit  61.  (324  a), 
in  der  n  »  2  angegeben  ist.  In  der  Tat,  so  natiirlicb  auch  diese  Glei- 
chung  zunacbst  erscheint,  ruht  sie  doch  aof  nnsicherer  Gmndlage,  weil 
in  ihr  das  Geschiebestuck  als  freischwebende  Eugel  betrachtet  wird,  ob- 
wobl  es  sich  an  der  Soble  befindet,  wo  die  Schichtenstromong  beginnt. 
Yersnche  von  A.  SchoJclUsch^)  zeigten  denn  auch,  daB  ftir  Kugeln  auf 
einer  Gerinnesohle  P  ^  i(a  CT)^'^^  sei. 

Nach  den  Versuchen  von  F.Kreuter  nnd  Ph.  Krapf^)  ist  das  AqcTJ), 
bei  welchem  Geschiebe  in  Bewegnng  kommt,  1,3  mal  so  grofi  als  jenes, 
bei  welchem  es  abgelagert  wird. 

Nach  (322)  miifite  ein  Stein,  der  mit  dem  Gewichte  P^  oder  der 
Dicke  2ao  in  den  Flnfi  gerat,  nach  Zuriicklegen  des  Weges  x  die  Dicke 
2aoe~i*'*'^*  besitzen.  Zusammen  mit  Gl.  (325  d)  fQhrt  das  anf  eine  Ab- 
nahme  der  „Grenzschleppkraft^'  h^J^  (ygl.  S.  480)  stromab  nach  einem 
Gesetze  von  der  Form 
(325f)  hJo- c.e-^*''' 

In  der  Tat  wird  h^J^  stromab  kleiner;  so  fand  F.  Kreuter^)  an  der  Etsch, 
wo  sich  seitdem  infolge  yon  Regulierungen  das  GeroUe  sehr  yergrobert 
hat,  in  0,4, 7  nnd  11  km  Abstand  yon  der  Marlinger  Brucke  h^J^^  0,015, 
0,0049,  0,00265  und  etwa  0,00265  m,  am  Inn  an  der  Trisannamflndung 
JiqJq  =»  0,008  und  bei  Eufstein  —  0,0014.  Inwieweit  die  Gleichungsform 

1)  Bisber  unver5ffentlicbt.  —  F.  W.  Lanchester  (Aeiodynamik ,  deutsch  Ton 
C.  n.  A.  Eunge,  1909,  S.  43)  leitet  ab,  dafi  die  Oberfl&chenreibmig  wie  die  andert- 
halbfacbe  Potenz  der  Gescbwindigkeit  wachse. 

2)  Z.  d.  Oflt.  I.  u.  A.V.  67  (1906),  S.  169. 
8)  Z.  f.  Gewftsserk.  1  (1898),  S.  191. 
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(325 f)  zutrifft^  ist  aber  nicht  recht  za  sagen^  denn  die  Bestimmongen 
der  Schleppkrafb  leiden  an  der  Schwierigkeit,  dafi  man  schwer  erkennt^ 
bei  welchem  Wasserstand  h^  sich  das  Geschiebe  abgelagert  hat  oder  in 
Bewegung  kommt. 

tlber  das  Niedersinken  der  Teilchen  stellte  L.  L,  VatUhier^)  eine 
Untersuchung  an^  welche  darin  gipfelt,  dafi  sie  —  mhiges  Wasser  Yorane- 
gesetzt  —  sehr  rasch  ihre  Endgeschwindigkeit  erreichen.  Der  Genannte 
kntipft  hierbei  an  J,  DupuU^)  an^  welcher  Kugein  vom  Eigengewicht  y^^, 

und  dem  Durchmesser  2af  also  dem  Gewichte  im  Wasser  -g-(yi — y)** 

betrachtet,  bei  ihrer  Geschwindigkeit  te?  den  Widerstand  nach  (242)  gleich 

2         ***     2flf         4^ 

setzt  und  somit  fiir  die  Beschleunigung  mit  der  Zeit  i  in  Sekunden 
ji         -77-  (yi  —  y) «  — 7-  -^  orvr  «      - 

(5Jb)  -^ 4^n,.  ^"TT"       ^6^ 

8    9 

hat.  Mit  den  Zeichen 


(326a)  i^-]/|^^^f    «^i->f^« 

folgt 

"i*  ™  ""2  2wi" 

Oder  nach  Integration^  weil  fQr  die  Falldauer  ^  -•  0  auch  die  Geschwin- 
digkeit  ti;  »  0  sein  mufi^ 

lognat*?^-*?-JV^^ 

oder 

(326b)  «,.«,^£^. 


Hierin  bedeutet  w^  die  Endgeschwindigkeit,  die  das  Stfick  nach  nnend- 

dt 


licher  Zeit  erlangt.   Aus  der  Geschwindigkeit  to  =^-^  geht  weiter  f&r 


die  FaUtiefe 

(326c)  ^  -  "'i  [i  lognatit?^  - 1\ 

hervor.  Aus  den  entwickelten  Gleichungen  berechnet  VauthierfOr  Kugein 
Yom  Eigengewicht  7^1 »  2  nachstehende  Zahlen: 

1)  Association  fran9ai6e  pour  rayancement  des  sciences,   Blois  18  (1884X 
Paris  1885,  S.  98,  abgekurzt  in  Ann.  d.  ponts  et  chaass.  (6)  10  (1886),  S.  1168. 

2)  J,  Dupuit,  Etudes,  S.  220. 


182.  Das  L&ngenprofil  gleichen  Widetstandes 
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Dmr.  D 

w 

Zeit  zor 
Erlangang 

von 
II?  — 0,99tt7i 

Weg  in  der 

1**»  Set. 

2*«n  Sek. 

3*«»  Sek. 

4*««»  Sek. 

m 

,     0,0001 
1     0,001 
1     0,01 

0,1 

1 

m  BCC"* 

0,0816 
0,1638 
0,3164 
1,6380 
3,1640 

sec 

0,039 
0,124 
0,398 
1,241 
8,926 

m 

0,0618 
0,1696 
0,4794 
1,2661 

2,1849 

m 

0,0616 
0,1166 
0,6164 
1,6302 
4,6669 

m 

1,6880 
6,0644 

m 

1 

1,683       ' 
6,1760 

Bei  kleinen  Teilchen  wird  gemafi  der  Stdkes^aiieii  Oleichung  (242a) 
der  Widerstand  beim  Sinken  proportional  der  Zahigkeit  %  nnd  da  diese 
bei  steigender  Temperatur  abnimmt^  mfissen  kleine  Teilchen  in  warmem 
Wasser  schneller  als  in  kaltem  sinken.  J.  S.  Owens^)  hat  dies  bei  Fein- 
sand  beobachtet  und  zngleich  gefunden,  dafi  bei  2  mm  Komdorchmessev 
der  Temperatureinflnfi  rasch  verschwindet 

132.  Das  L&ngenprofll  gleielien  Widerstandes.  Wenn  die  Sohlen' 
geschwindigkeit  ti,  in  einem  Flusse  der  GL  (324)  nicht  entspricht,  so 
findet  gemafi  J3*.  Sternberg  dort,  wo  w,  >  (p^  P''*  ist,  eine  Eintiefung  statt 
und  kann  dort,  wo  m,  <  q>iP'^*  ist,  eine  Anflandung  eintreten.  Da  ist 
der  Fall  denkbar,  dafi  dieser  Yorgang  schliefilich  einen  labilen  Znstand 
herbeiftihre,  bei  dem  die  Gl.  (324) 

erfdllt  ist.  Dann  hat  weiter,  weil  die  Sohlengeschwindigkeit  u^  mit  der 

mittleren  Geschwindigkeit  CTbei  geringem  Tiefebwechsel  in  einem  einiger- 

mafien  festen  Yerhaltnisse  steht,  mit  einer  neuen  Eonstanten  tp^  die  Be- 

ziehnng 

(327)  U^ip^P'^* 

statt.  Aus  der  gesetzmafiigen  Anderung  (322) 

des  GeroUes  langs  dem  FluSlaufe,  folgt  dann 

(327  a)  U^if^P^e^, 

Eine  Uinliche  Gleichang  erhalt  man,  wie  man  sich  leicht  tlberzeugen 

kann,  wenn  man  in  grofierer  AUgemeinheit  u^  statt  u^  proportional 

i_ 

mit  den  Geschiebeabmessungen  oder  u,=  fp^P^"^  sein  lafit. 

Sternberg  macht  nun  weitere  Annahmen,  um  von  (327  a)  ausgehend 
zum  Langenprofile  des  Flusses  zu  gelangen.  Eine  derselben  ist  die,  dafi 


1)  Engineering  94  (1912),  S.  862,  863.     Vgl.  S.  400  n.  409. 
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die  Breite  B  stromab  proportional  der  Wassermenge  wachse  oder  QiB'^q 
konstant  sei.  Dann  hat  man  bei  einer  mittleren  Tiefe  h 

<327b)  *-|4  =  f 

nnd  bei  Einfiihrung  der  Ordinate  0 


(327  c)  u^cYhJ-cY^l^ 

oder 

1     Ci<pX 

/327 d^  ^  -  i^  =  y«'V^~'~ 

somit  nach  Integration  als  Gleichong  des  Flufilangenprofiles  bei  Ein- 
fuhrung  neuer  Eonstanten 

(328)  z^(pj^(ev*'—l). 

Mit  diesem  Ansdruck  stimmt  das  Langenprofil  des  Mittelrheines,  der 
Maas,  der  Mur  and  der  Enns^).   tJbrigens  kommt  es  weniger  auf  die 

mittleren  Erhebungen  jer^  als  auf  die  Gef alle  j7  an^  indem  Wehre,  Fels- 

strecken  u.  dgl.  Stufen  oder  Steilrampen  erzeugen  konnen^  ober-  and 
unterbalb  welcher  aber  trotzdem  das  richtige  Gef  alle  der  Gl.  (327  d)  za 
herrschen  hat. 

133«  Der  G^sehiebetrieb.  Sternberg^  Auffassung  der  im  wesent- 
lichen  ruhigen  Flufisohle  trifft  in  der  Natur  nicht  zu,  denn  wenn  der 
Orund  aus  Geschiebe  besteht,  ist  er  stets  bei  hoheren  Wassers^nden  in 
Bewegung  und^  wenn  er  trotzdem  seine  Hohenlage  behalt^  so  ist  dies 
nicht  der  Fall^  weil  die  Steine  ruhig  bleiben,  sondem  weil  Zufuhr  and 
Abfuhr  sich  ausgleichen,  oder  mit  anderen  Worten  die  Menge  des  ge- 
forderten  Geschiebes  —  der  Geschiebetrieb  —  sich  langs  der  Flufistrecke 
nicht  andert. 

Zur  Berechnung  des  Geschiebetriebes  hat  P.  du  Boys^)  angenom- 
men^  dafi  die  Sohle  aus  tlbereinander  gleitenden  Steinschichten  bestehe. 
Auf  der  Oberflacheneinheit  der  obersten  Schicht  ruht  ein  Wasserkorper 
Yon  der  Hohe  h^  also  dem  Gewichte  yhy  dessen  Teilkrafb  parallel  zur 
Sohle  bei  einem  Spiegel-  und  Sohlengefalle  J  die  Grofie  yhJ  hat. 
Diese  Teilkraft  oder  SchleppJcraft  (force  d'entrainement)  wird  dorch  die 


1)  R.  Sternberg,  Z.  f.  Bauw.  26  (1876),  S.  498;  F.  v.  Hoehenburger,  Ober  Ge- 
schiebebewegimg  nnd  Eintiefuog,  Leipzig  1886;  W.Heyne,  Wochenschr.  d.  Osterr. 
Ing.-  u.  Arch.-Ver.  11  (1886),  S.  263  nach  Angaben  Hochenburgera. 

2)  Ann.  d.  ponts  et  chausB.  (6)  18  (1879*),  S.  149. 
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Reibungen  der  Schichten  aufgeboben.  Besitzt  jede  Schicht  die  Starke  £ 
nnd  samt  ihrem  Wasserinhalt  das  Raumgewicht  y^  und  bedeutet  (p  die 
Reibtmgsziffer^  so  bleibt  die  n^  Schicht  liegen,  wenn 

(329)  v^Kri-y)  ^  y^J 

ist.  Die  Zwischenschichten  sind  aber  daiin  in  Bewegnng  und  zwar  habe 
die  (w— !)*•  Schicht  die  (ibrigens  nicht  bekannte  Geschwindigkeit  t?; 
die  nachstobere  hat  dann^  da  die  Geschwindigkeitsunterschiede  benach- 
barter  Schichten  gleich  grofi  sein  miissen;  die  Geschwindigkeit  2Vy  die 
folgende  3t;  usw.  bis  zur  Geschwindigkeit  nv  der  obersten  Schicht.  Der 
ganze  Geschiebetrieb  in  Raummafi  fiber  die  Breiteneinheit  der  Sohle 
in  der  Zeiteinheit  wird  demnach 

(329a)  G  =  £[t;  +  2t?  +  . . .  +  «t;]  «  gy^(^^-^). 

Wird  die  Grenesctdeppkrafty  bei  welcher  die  Bewegung  eben  beginnt, 
oder  »  »  1  ist^  mit  S  (in  kgm~^)  bezeichnet;  so  dafi  S  eine  fiir  jedes 
Geschiebe  bestimmbare  Zahl  ist^  so  gilt  nach  (329)  mit  y  and  y^  in  kg  m~' 

(329b)  S-yeCyj-y), 

so  dafi  sich 

(330)  yhJ^  nS 

and 

<330a)  G^'ir?f.(r^ -1)^11.^  yhJ(yhJ-  S)  -  thj{hJ-  |) 

zeigt,  falls  ^  eine  wesentlich  von  der  Dicke  and  dem  Eigengewicht  jeder 
Schicht  abhangige,  also  eine  das  Geschiebe  kennzeichnende  Zahl  be- 
deutet. Fdr  das  betreffende  Flu£gef  alle  J  gibt  sich  S  iibrigens  durch 
die  Wassertiefe  h^  zu  erkennen,  bei  der  soeben  die  Bewegung  beginnt 

und  fiir  welche 

{330b)  S^y\J 

sein  muS.    Mit  Riicksicht  hierauf  kann  man  (330  a)  auch  in  der  Form 

(330c)  G^th(h-K)J' 

schreiben.  Endlich  kann  man  hJ  auch  durch  die  mittlere  Geschwindig- 
keit;  namlich  durch  V^ :  c^  ersetzen^  also  (330a)  in 

Y 

yerwandeln.  Dieser  Ausdruck  lafit  erkennen^  daB  der  Geschiebetrieb  bei 
einer  bestimmten  Geschwindigkeit 

Forchheimer:  Hydranlik  31 


(330d)  <J-»?(5'-|) 
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beginnt  und  dann  rasch  mit  U  wacbst.  Hierin  legt  das  Zntreffende  der 
Ableitnngy  denn  die  yon  Du  Boys  TOTausgesetzte  Bewegangsweise  findet 
in  der  Tat  nicht  statt.  Die  Edmer  werden  yielmehr  gerollt  oder  so  auf- 
gewirbelt  wie  Stanb  im  Winde  nnd,  wo  die  Schichten  eine  ebemalige 
Bewegung  in  grofierer  Tiefe  yerraten^  bat,  wie  Yersuche  yon  A.  Scho- 
Jditsdi^)  dargetan  baben,  eine  absatzweise  Abtragong  und  Wiederaaf- 
bobung  stattgefnnden.  Der  grofiteTeil  yon  yhJ  wird  also  znrtTberwin- 
dung  der  Reibung  des  Wassers  an  den  jeweiligen  fest  baftenden  Steinen 
yerbraucbt.  Trotzdem  fand  SchoMUsch  die  Du  Boyssche  Formel  zutreffend 
und  er  war  sogar  imstande,  den  nocb  unbekannten  Eoeffizienten  zu  be- 
stimmen  und  f&r  einheUliches  Gescbiebe  yom  Eigengewicbte  y^  die  Formel 

(331)  G,  -  0^4  -^  hJ{hJ-  hM 

zu  geben,  in  der  G^  die  Oescbiebemenge  in  m'sec"^  pro  m  Breite,  also 
in  m'sec^^,  y  und  y^  in  kgm~'  und  &  in  m  ausgedriickt  ist,  femer  0,54 
die  Dimension  m^  kg~^  sec^  bat.  Bemerkt  sei  nocb,  daB  G^  in  Festmafi 
(wie  Baubolz)  und  nicbt  in  RaummaB  (wie  Brennbolz)  gedacbt  ist^  und  dafi 
Jq  neben  Hq  in  die  Formel  gesetzt  wurde,  weil  die  Bestimmung  der  das 
Gescbiebe  soeben  bewegenden  Grenzscbleppkraft  S  bei  einem  anderen 
Gefalle  als  J  gescbeben  darf.  Mit  J^  andert  sicb  eben  h^. 

Die  Einbeitlicbkeit  yerlangt  gleicbes  Eigengewicbt,  annahernd  glei- 
cbes  Yolumen  und  annabemd  gleicbe  Gestalt  der  StUcke,  mogen  sie  nun 
Eugeln,  Eomer,  Brucbstdcke  oder  Plattcben  sein.  Ist  das  Eom  nicbt 
einheitlicb,  so  geraten  die  yerscbiedenen  Eomer  bei  yerscbiedenen 
Schleppkraften  yJ^h^^  in  Bewegung;  aucb  findet  bei  anbaltend  gleicb- 
formigem  Durcbflufi  zuletzt  eine  Aufbereitung  (Sonderung)  statt  und 
so  bangt  der  Gescbiebetrieb  yon  der  jeweilig  geforderten  EomgroBe 
ab.  Festgestellt  konnte  nur  werden,  daB  yom  Gemenge  mitunter  selbst 
etwas  mehr  wandert,  als  nach  (331)  dem  feinsten  Sand  des  Gemenges 
entspracbe. 

Eine  merkwiirdige  Erscbeinung  bei  dem  Forttrieb  des  Gemenges 
kann  nicht  unerwabnt  bleiben,  namlicb,  daB  wenn  Steine  yon  yerschie- 
dener  GhroBe  in  Bewegung  sind,  die  groBen  den  kleinen  yoraneilen,  aller- 
dings  bei  Abnabme  des  Durcbflusses  frCLber  li^en  bleiben*).  Dieses 
Voraneilen  erklart  sicb  dadurcb,  daB  sie  in  die  Vertiefungen  der  Soble 
weniger  einsinken  und  yermoge  ibrer  lebendigen  Eraft  Hindemisse  bau- 
figer  ftberscbreiten.    Die  genannte  Erscbeinung  ist  Ubrigens  eine  der 

1)  Im  hydrotechnischen  Laboratoiiam  der  Grazer  Hochscbale.  Bisher  on- 
verOffentlicht. 

2)  A.  SehokUtsch,  bisher  anverOffentlicht. 
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wichtigsten  Ursachen^  die  eine  yollkommene  Auf bereitung  des  Geschiebes 
verhindem. 

Die  Formel  (331)  entspricht  einem  Sattigungszustande  des  Wassers 
an  Eomern.  Schflttet  man  bei  beliebigem  Geschiebe  in  das  gesattigte 
Wasser  neues  Geschiebe^  so  lagert  sich  eine  gleichweriige  Menge  Ge- 
schiebe ab.  1st  dieselbe  von  kleinerem  bzw.  groberem  Eom  als  die 
Schiittung,  so  ist  namlich  die  abgelagerte  Menge  aller  Wahrscheinlich- 
keit  nach  grofier  bzw.  geringer  als  die  hinzngeschiittete.  Die  Sattigung 
hat  zaerst  Sc.  Crrcis^)  behanptet,  die  Gleichwertigkeit  A,  SchoMiisch^) 
hinzugeftlgt. 

134.  Das  Wandern  der  Sandbftnke.  Die  Bewegung  der  Gl.  (331) 
findet  hanfig  anf  Sandbanken  (Eiesbanken)  statt  und  bewirkt  dann  ein 
langsames  Vorriicken  derselben.  Jede  Sandbank')  ist  in  der  Stromrich- 
tung  bis  zur  Eopfkante  weniger  geneigt  als  der  mittlere  Flufispiegel; 
wahrend  sie  von  der  Eopfkante  bis  zur  Ichse  an  ihrem  Fnfie  steil  ge- 
boscht  ist.  Dadurch  entsteht  am  Sandbankkopfe  ein  Wirbel  mit  wag- 
rechter  Achse.  Die  tlber  die  Bank  laufenden  groBeren  Eorper  rollen, 
wenn  sie  die  Eopfkante  Qberschritten  haben,  bis  zur  Ichse  hinunter;  die 
kleineren  Eomer  werden  aber  durch  den  Wirbel  zuriickgehalten  nnd 
bilden  einen  Eorper  mit  sehr  steiler  B5schung,  der  endlich  das  Gleich- 
gewicht  verliert  und  abrutscht.  Wenn  der  Geschiebetrieb  in  Gang  ist, 
besteht  also  die  Eopf  boschung  aus  zwei  Flachen  verschiedener  Neigung, 
einer  oberen  sehr  steilen,  einer  unteren  flacheren.  Das  Vorrticken  einer 
Sandbank  hangt  demnach  einerseits  yon  ihrer  Eopfhohe,  andererseits 
Ton  der  Zeitdauer  und  den  Hohen  der  Wasserstande  ab^  die  ein  Treiben 
yerursachen.  Bei  einer  Massenberechnung  ware  noch  zu  beriicksichtigen^ 
daB  nach  Messungen  F»  von  Hochenburgers*')  1  Festmeter  Geschiebe 
1^5  Raummeter  gibt. 

An  der  Loire  nahm  Sainjon^)  Messungen  yor,  auf  Grund  welcher 
er,  so  lange  die  Oberflachengeschwindigkeit  Uo<  1,106  msec~~^  bleibt, 
den  Fortschritt  der  Sandbanke  zu 

(332)  0,000 13  (uo*-  0,11)  m  sec-  ^ 

bewertete.   Aus  dieser  Formel  leitete  LechcUas  ftir  den  Geschiebetrieb 
in  Raummeter  fCLr  1  m  Breite  und  1  sec,  also  in  m'sec'^, 

1)  Ann.  d.  ponts  et  chauss.  (8)  14  (1857*),  S.  17. 

2)  Bishei  un7er0ffentlicht. 

8)  Du  Buat,  Principes  d'hydranlique  I,  §  72 ;  G.  Hagen,  Handb.  d.  Wasser- 
baukonst,  2.  Tail,  1.  Bd.,  S.  168,  858  Sohlenriffelung  bei  Flufi  nnd  Wildbach: 
H.  BUmus,  Z.  f.  Bauw.  60  (1910),  S.  466. 

4)  Vber  Geachiebebewegnng  nnd  Eintiefnng,  Leipzig  1886,  S.  166. 

6)  Partiot,  Ann.  d.  ponts  et  chauss.  (6)  1  (1871*),  S.  278,  sowie  S.  272,  887. 

31» 
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bei  RoUen  auf  der  Sohle    0,00037  (w,«-  0,06) 
„    Schweben  im  Wasser    0,00037  w/ 

ab,  worin  u^  die  Sohlengeschwindigkeit  bezeichnet.  Das  Rollen  beginne 
bei  u,  =  0,25  msec- ^,  das  Schweben  bei  m,=  0,55  msec"*.  Sowohl 
Sainjons  Formel,  in  welcher  die  Sandbankhohe  nicht  Yorkommt,  als 
auch  die  Lechcda&j  der  mit  einer  mittleren  Sandbankhohe  Yon  0,77  m 
rechnete,  obwohl  die  H5hen  zwischen  rund  0,3  und  1,2  m  schwankten, 
erscheinen  von  sehr  geringem  Wert. 

Schneller  als  in  der  Loire  und  bei  hohem  Wasser  rascher  als  bei 
mittlerem  wandem  die  Kiesbanke  im  Rhein*),  namlich  rund  500  m  im 
Jahr  unterhalb  StraBburg  und  rund  700  bei  Rheinau;  oberhalb  Breisach 
nimmt  der  Jahresfortschritt  allmahlich  ab.  Das  Yerhalten  dieser  Banke 
ist  von  besonderem  Interesse.  Ihre  Zahl,  209  auf  200  km  zwischen  Basel 
und  Sondernheim,  bleibt  unverandert,  denn  wahrend  sie  sich  bei  Son- 
dernheim  aufldsen,  wo  das  Gefalle  abnimmt  und  vielfach  Lettenboden 
die  Bildung  von  Eolken  verhindert,  schalten  sich  zwischen  Basel  und 
Markolsheim  immer  wieder  neue  ein,  so  daB  die  erwahnte  Zunahme  der 
Fortschrittsschnelligkeit  bewirkt,  daB  die  Entfemung  benachbarter  Kies- 
banke stromab  zunimmt  und  sich  der  Strom  hier  jahrlich  5  bis  6  cm 
eintieft.  —  An  der  bei  Niederwasser  60  m  breiten  Mur  wandern  seit 
langen  Jahren  unterhalb  Grraz  alle  360  m  Sandbanke  abwechselnd  am 
linken  und  rechten  Ufer. 

Wie  sich  die  Sandbankbewegung  bei  Anderung  der  Oberflachen- 
geschwindigkeit  Uq  umgestaltet,  beobachtete  G,  F,  Deacon^  bei  feinem 
Sand  aus  der  Mersey-Miindung  in  einem  Trog  mit  Glaswanden.  Er  fismd 
(fiir  U^  inmsec-^)  bei 

Uq  =  0,40  Einzelne  E5mer  bewegen  sich;  sie  ordnen  sich  in  QnerbSuken,  welche 

Riffeln  &hneln. 
0,46  RifPehi   gut   ausgebildet,   wandern    in   beschriebener  Weiae   mit   der 

Schnelligkeit  C^^ :  2100. 
0,53  RifPelschnelligkeit  U^  :  1060. 
0,61  Ri£felBchnelligkeit  lj\  :  480. 

0,64  Einzelne  Earner  springen  yon  einem  Kopf  zom  nSiChsten. 
0,66  Die  Riffeln  werden  anregelm3.fiig. 
0,76  Viele  KOmer  uberspringen  den  Eopf  der  Nachbarbank. 
0,79  bis  0,86  Die  Riffeln  werden  verwaschen. 
0,88  Die  Riffeln  verschwinden,  der  Sand  wird  schwebend  gef^rdert. 

1)  R,  J(umund  im  Handb.  d.  Ingeniearwissenschaften,  3.  Wasserbau,  1.  Bd., 
4.  Aufl.  1911,  S.  351,  852,  wo  noch  weitere  Angaben.  —  Sandbilnke  in  der  Ga- 
ronne: Baumgarten,  Ann.  d.  ponts  et  chanss.  (2)  16  (1848^.  S.  If.  —  Sandb&nke 
in  der  Elbemiindung:  HUbbe,  Z.  f.  Banw.  11  (1861),  Sp.  1,  183 f. 

2)  Min.  Proc.  Inst.  Civ.  Eng.  118  (1894),  S.  93. 
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Von  der  Ursache  des  Schwebens  von  Teilchen  im  Wasser  wird  unten 
bei  Besprechnng  der  Schlammforderung  die  Rede  sein. 

135.  Bas  IiUngenprofll  bei  Qeschiebetrieb.  Oben  (S.  480)  wurde 
das  Langenprofil  des  Flusses  auf  Orand  der  Gleichgewichtsannahme  zwi- 
schen  WasserstoB  und  Reibung  entwickelt.  Der  Geschiebetrieb  niufi 
dessen  Ausbildimg  etwas  andern,  denn  scbliefilich  kommt  es  fiir  den 
unyeranderliclien  Bestand  einer  Flufistrecke  daraaf  an,  dafi  sie  ebenso- 
viele  Geschiebe  weitergebe,  wie  sie  empfangt.  Eine  Berechnnng  des 
Langenprofiles  auf  dieser  Grundlage  hatte  aber  ihre  grofien  Schwierig- 
keiten.  Nun  moge  angenommen  werden,  dafi  ein  Langenprofil  bei  einem 
bestimmten  Wasserstande  Jiq  dem  Gleichgewichte  entspreche.  Dann  ist 
nach  (327)  bis  (327  c) 

cYh^J^  U^  tp^P'^^  und  «  f , 
daher 

(333)  *«-^k'    '^'=-0'?- 

Wenn  nun  das  Wasser  steigt  und  den  Stand  h  erreicht,  findet  nach  (330  c) 
ein  Geschiebetrieb  in  Festmafi  (statt  Raummafi) 

G,  -  etwa  0,7  G  =  OJth(h^h^)J^^  0,7  i,h{h-\) "^^f 

statt.  Da  ein  Geschiebestdck  aufierhalb  des  Wassers  —  ^^-  P  wieirt,  be- 
tnlgt  zu  dieser  Zeit  die  Zahl  der  wandemden  GeschiebestUcke 

(333a)  0,7  A^''-  -%-  -  0,7 1'-^-'-  "^Kh-K). 

Da  die  BrUche  in  diesem  Ausdrucke  langs  dem  Flusse  so  ziemlich  kon- 
stant  sind,  findet  bei  dem  angenommenen  Langsprofil  keine  nennens- 
werte  Aufhohung  oder  Eintiefung  statt.  Der  Geschiebetrieb  wird  also 
im  allgemeinen  keine  grofie  Abweichung  vom  Sternberg  ^aiieii  Langen- 
profil yerursachen,  womit  nicht  gesagt  ist,  dafi  nicht  anderweitige  Ur- 
sachen  einen  solchen  veranlassen  konnen.  Vom  Wachstum  von  %(%— %q) 
stromab  wird  es  weiter  abhangen,  ob  bei  steigendem  Wasserstand  G :  P 
stromab  zunimmt,  in  welchem  Falle  bei  Hochwasser  die  Sandbanke  ver- 
schwinden,  um  bei  sinkendem  Wasser  sich  neu  zu  bilden. 

Welche  Form  auch  das  Langenprofil  haben  mufi,  so  ware  nach  dem 
Gesagten,  das  Gefalle  als  Funktion  der  Geschiebegrofie  und  diese  als 
Funktion  des  Geschiebeweges  aufzufassen.  Bei  dieser  Au£fassung  — 
welche  freilich  nicht  beriicksichtigt,  dafi  die  Wirkung  derselben  Ge- 
schiebegrofie nicht  an  alien  Fiufipunkten  dieselbe  ist  —  ist  das  Langen- 


486    XVI.  Einwiikung  des  Wassers  auf  das  Flafibett  oder  den  Meeresgrund 

profil  eine  unverdnderliche  Kurve,  die,  etwa  im  Oberlaufpunkte  A,  mit 
einem  unveranderlichen  Gefalle  beginnt^).  Wird  der  FluB  darch  einen 
Durchstich  um  Al  gektirzt,  so  entfallt,  sei  der  Durchstich  wo  er  wolle, 
das  Endstiick  der  Kurve  an  der  FluBmiinduiig.  War  daselbst  die  Nei- 
gung  J^,  so  yermindert  sich  also  der  Hohenunterschied  zwischen  A  und 
der  Mundung  am  J^  •  Al,  so  daB  —  wenn  die  MQndung  ihre  Hohe  uber 
Meer  behalt  —  sich  der  ganze  FluB  oberhalb  des  Durchstiches  um 

(334)  J^^Al 

senki  Unterhalb  des  Durchstiches  riicken  andererseits  alle  Punkte  um 
Al  naher  an  A.  War  an  einem  Punkte  das  Gefalle  J,  so  yermindert 
sich  also  sein  Hohenabstand  yon  A  um  J  -  AL  Seine  Hohe  Qber  Meer 
erhoht  sich  also,  da  J>  J^  ist,  um 

(334a)  Al(J-J^). 

Durchstiche  bewirJcen  also  Eintiefung  stromauf,  Aufhohung  stromab.  Da- 
bei  wird  —  wie  schon  auf  S.  480  erwahnt  —  der  Eintiefang  durch  feste 
Wehre,  Felsschwellen  u.  dgl.  ein  Ziel  gesetzt.  Zugleich  bewirken  Wehre, 
weil  sie  die  Wanderung  der  yon  oben  kommenden  Oeschiebe  hem  men, 
wahrend  unter  ihnen  die  Forderung  nicht  aufhort,  zumeist  eine  starke 
Eintiefung  der  unter  ihnen  liegenden  Strecke. 

Eine  Bestatigung  der  yorgefUhrten  Theorie  lieferte  der  Bhein  in 
Vorarlberg  nach  AusfUhrung  des  Fussacher  Durchstiches,  da  bei  ihm 
ungef ahr  die  yon  J.  Wey  yorausberechnete  Senkung  yon  2,4  m  eintrat, 
der  Lech  bei  Lechhausen,  bei  dem  infolge  einer  1852  begonnenen  Be- 
gulierung  ein  Niedergang  yon  6,0  m  zu  erwarten  war  und  der  tatsach- 
lich  im  Zeitabschnitt  1882/4  gegeniiber  1847/51  um  5,1  bis  5,2  m  nieder- 
gegangen  ist'),  die  Aare,  deren  Sohle  sich  bei  3  m  Eintiefung  parallel 
yerschob^),  und  besonders  die  Mur,  welche  seit  1876  in  ein  einheitliches 
Bett  mit  wenigen  Erummungen  eingefaBt  wurde  und  sich  stark  eintiefte. 
A,  Brunar  zeichnete,  yom  selben  Punkt  auf  dem  Zeichnungsblatt  aus- 
gehend  die  Aufrisse  der  NuUwasserlinien^  die  der  FluB  1876  und  1904 
yon  Graz  stromab  hot.  Aus  den  beiden  Linien  ergaben  sich,  wenn  man 
sich  sie  in  NaturgroBe  denkt,  folgende  Hohenunterschiede  in  Dezimetem 
der  tibereinander  liegenden  Punkte,  welche  Hohenunterschiede  nicht  mit 
den  Eintiefungen  zu  yerwechseln  sind,  da  dieselbe  FluBstelle  auf  dem 

1)  A.  V.  Salts,  Das  Schweizerische  Wasserbauwesen,  Bern  1883,  S.  27,  69.  — 
Hiemach  Wirkung  mehrerer  Durchstiche:  M,  MoUer,  Gmndrifi  des  Wasserbaues, 
2,  Leipzig  1906,  S.  119. 

2)  Nach  eigener  Berechnung  und  Wasserbau  a.  d.  Off.  Flussen  im  KOnig- 
reich  Bay  em,  MOnchen  1888,  Taf.  23. 


186.  Geschiebetrieb  bei  beliebigem  Queischnitt  487 

Langenprofil  von  1876  betrachtlich  waiter  entfemt  von  Oraz  erscheint, 
als  auf  dem  yon  1904: 

km     0     ]     2     3     4         6     6     7     8     9    10  11  12       18  14  15  16  17  18 
22  24  22  22  29       22  24  26  27  30  32  35  38       40  44  44  44  47  44 

Eintiefang  noch  GeftUe  zu  gro6  Vbereinstiminang 

im  Gange 

19       20  21  22  23  24  25       26  27       28  29  30  31  32  33  34  85  36 
48       60  55  57  53  54  54  83  82  82  82  82  86  85  82  83 

Stufe     ObereinBtimmung         Fels  O^bereinstiminnng 

37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 
82  88  82  84  81  82  85  84  87  86  86  86  88  85  82  82  81  84  84  83  83 

t^bereinstimmung 

Hier  kehrte  also  in  gleicher,  langs  des  jeweiligen  Flusses  gemessenen 
Entfemiing  von  der  Quelle  im  allgemeinen  dasselbe  Gefalle  wieder. 
Dann  folgte  eine  Strecke^  in  der  das  Bett  ebemals  einen  BUcken  gebildet 
hatte  und  das  Gefalle  1905  zu  grofi  geblieben  war. 

Neben  den  Fliissen,  deren  Yerbalten  sicb  wie  das  der  genannten 
der  Tbeorie  anpaBie,  zeigen  aber  andere  mebr  oder  weniger  grofie  Ab- 
weichungen.  Der  GrQnde  sind  mehrere.  So  setzt  die  Tbeorie  einen  ein- 
zigen  Strom  voraus^  wahrend  in  der  Regel  Nebenfliisse  vorhanden  sind 
und  durch  Bauten  im  Hauptstrom  das  GeroUe  der  NebenflQsse  nicht  ge- 
andert  wird.  Femer  gerat  mit  der  Stromkiirzung  Gescbiebe  bestimmter 
Grofie  in  wasserreichere  Strecken  als  yorber.  Mancben  FltLssen,  so  z.  B. 
dem  Rbein  in  Baden  und  der  Weser  werden  auch  grofie  Eiesmengen 
fortgesetzt  f(ir  Bahnen^  Strafien  usw.  entzogen.  Wabrend  diese  Umstande 
die  bebende  Wirkung  auf  den  Unterlauf  mildem^  beeintracbtigt  ein  an- 
derer  Umstand  baufig  die  Senkung  im  Oberlauf,  namlicb  der,  dafi  bei 
der  Eintiefung  mebr  grobes  als  feines  Gescbiebe  liegen  bleibt,  bis  scbliefi- 
licb  die  Eintiefung  yorzeitig  zum  Stillstande  kommt.  Verscbarft  kann 
die  Senkung  bingegen  werden,  wenn  bei  dem  Niedergange  die  alten 
Uferboscbungen  sicb  nacb  unten  fortsetzen,  weil  dann  mit  der  Senkung 
eine  Einengung  des  Bettes  und  damit  eine  Steigerung  der  Gescbwindig- 
keit  und  grofiere  Raumungsf  abigkeit  yerbunden  ist,  wie  sicb  dies  unter 
anderem  sebr  auffaUend  an  der  Isar  unterbalb  MUncben  zeigte. 

136.  Gesohiebetrieb  bei  beliebigem  Querschnitt.  Bisber  wurde 
der  Einfacbheit  balber  die  Tiefe  des  Flufiquerscbnittes  gleicbformig  an- 
genommen,  wabrend  sie  in  Wirklicbkeit  fast  immer  wecbselt.  In  diesem 
Falle  gibt  die  Integration  Qber  den  Querscbnitt  bei  EinfUbrung  einer 
Breitenordinate  y,  wenn  man  zugleicb  berdcksicbtigt,  dafi  das  Gescbiebe 
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tlberhanpt  nur  dort  fortgescUeppt  wird,  wo  A  >  Aq  ist,  ffir  den  6e- 
schiebetrieb  den  von  I,  Kreuter^)  entwickelten  Ausdruck  (s.  (330  c)) 

(335)  G  =  ^  W  hQi-  Ao)  dy. 

ffier  sind  y,  imd  y,  die  Abszissen  der  Grenzpunkte,  zwischen  denen  der 
Trieb  vor  sich  geht,  fiir  die  namlich  A  =  Aq  ist^). 

Die  Gl.  (335)  ermoglicht^  wie  Ph,  Forchheimer  gelegentlich  ausein- 
einandersetzte^  die  Yoraassage')  der  Wirkung  einer  Qaerschnittsein- 
schrankung  (EinfQhrung  einer  Normalbreite).  Zunachst  mufi  der  mitt- 
lere  Querschnitt  der  ungeregelten  Strecke  anfgesucht  werden.  Zu  diesem 
Zwecke  beach te  man,  dafi  man  jeden  Querschnitt  eines  breiten  Flnsses 
in  einen  von  gleichem  DurchflnB  und  gleichem  Geschiebetrieb  yerwandelt, 
wenn  man  die  Breiten,  die  er  in  verschiedenen  Tiefen  besitzt,  yon  einer 
Lotrechten  auftragt.  Folgen  in  einer  bestimmten  Tiefe  unter  dem  Spiegel 
Abschnitte  mit  den  Langen  liyliflzy-  ^ui<l  ^^^  Breiten  B^,  B^,  B^, . , . 
aufeinander,  so  hat  der  mit&ere  Umrifi  der  gesamten  Strecke  in  dersdben 
Tiefe  unter  dem  Spiegel  die  Breite 

Fiir  jene  grofien  Tiefen,  die  nicht  in  alien  Abschnitten  vorkommen,  sind 
dann  einige  Abschnittbreiten  »  0.  Den  mittleren  Umrifi  kann  man  sich 
auf  der  einen  Seite  lotrecht  begrenzt  denken.  Welche  Tiefe  ^»  Aoait 
man  bei  dem  bestehenden  Gef  alle  Ji^t  in  der  Formel  (335)  einzusetzen 
hat,  mufi  man  durch  Beobachtung  feststellen.  Femer  ist  einzuschatzen, 
welchen  Wasserstand  man  als  den  fiir  den  Geschiebetrieb  mafigebenden 
betrachten  soil.  Anderenfalls  waren  die  Rechnungen  f&r  yerschiedene 
Wasserstande  zu  wiederholen.  Der  Eoeffizient  ^  ist  zwar  unbekannt, 
doch  genfigt  es  zu  wissen,  dafi  er  bei  Querschnittsanderungen  seinen 
alten  Wert  behalt.  Wird  nun  die  Breite  eingeschrankt,  so  entfallt  das 
seichte  Ende  der  Querschnittsflache,  dafiir  wird,  weil  der  Durchflufi  der 
alte  bleiben  mufi,  der  Spiegel  in  der  Figur  steigen.  Bei  der  betreffenden 
Bechnung  mufi  man  beachten,  dafi  die  iiblichen  Geschwindigkeitsformeln 
ergeben  konnen,  dafi  bei  Entfall  des  seichten  Stiickes  der  Durchflufi 
wachst,  wonach  der  Spiegel  infolge  der  Einschrankung  sinken  wQrde. 
Das  kommt  aber  nur  yon  einem  Fehler  des  Formelbaues,  dessen  Folgen 


1)  Handb.  d.  IngenieuiwisBenscliaften,  3.  WasBerbau,  2.  Abt.,  1.  H&lite,  3.  Aofl., 
Leipzig  1900,  S.  177.  Hier  betont  Kreuter  ancb,  dafi  bei  Wahl  eines  neuen  Flofi- 
qnerscbnittes  die  Sichemng  der  Gescbiebeabfabi  anzustreben  sei. 

2)  Bifiher  unverSffentlicbt. 


186.  Geschiebetrieb  bei  beliebigem  Qaerschnitt 


489 


man  yermeiden  kann,  indem  man  sofort  den  DurchflnB  Q^  der  Haupt- 
flache  nnd  jenen  Q^  der  abzutrennenden  Nebenflache  gesondert  berechnet. 
Nacb  der  Einschrankung  mufi  dann  die  Hanptflache  die  ganze  Menge 
Qwm  Q^^  ^^aufnehmen.  War  ursprtinglich  die  mittlere  Tiefe  der  Hanpt- 
flache Hgii,  so  wird,  da  das  Spiegelgefalle  znnachst  noch  das  alte  ge- 
blieben  ist,  sich  ergeben^  dafi  das  Wasser  steigt,  das  heifit,  dafi  die  nene 
mitiJere  Tiefe  H  >  Ha.it  ist.  Dieser  Zustand  kann  aber  nicht  andanem, 
sondern  mnfi  durch  Sohlenansraumung  eine  Gefallsandernng  zur  Folge 
haben,  bei  der  sich  H  in  Eneu  nnd  e/ku  in  J^bu  verwandelt.  Die  Aufgabe 
besteht  nun  darin,  H^m  nnd  Jieu  so  zu  berechnen,  daB  Q  und  G  ihren 
ursprunglichen  Wert  (wie  er  vor  der  Regelung  war)  aufweisen.  Bei 
dieser  Berechnung^  die  man  durch  yersuchsweise  Annahmen  durchfiihrt, 
beachte  man,  dafi  anch  h^  seinen  Wert  andert  und  sich  yom  ursprung- 
lichen ho  alt  schliefilich  in  Aoneu  yerandert,  wobei 

(336)  hotiitJalt  ='  ^Oneu  Jneu 

gelten  mufi.  Hat  man  Jomu  herausgebracht;  so  kennt  man,  wenn  das 
untere  Streckenende  seine  Hohenlage  fiber  Meer  behalt,  auch  die  am 
oberen  Streckenende  zu  gewartigende  Eintiefung 

(336a)  {l,+  k+h+'")  («/alt  -  Jneu). 

Ftlr  den  Rhein  bei  Hohenems  in  Yorarlberg  rechnete  Ph.  Forehheimer  *)  nach- 
stehende  mittlere  Breiten  (oder  UmriBabszisBen  y)  aus: 

Cber  NW  m     —  4,6  —  4,0   —  8,6  —  8,0  —  2,6  —  2,0  —  1,6  —  1,0  —  0,6        0 
Breite         m         0  0,8        0,6        1,8        4,7        9,9      19,4      86,9      64,8      72,1 

tber  NW  m    +  0,8   +  0,5  +  1,0  +  1,66 
Breite         m        84,0      91,6    118,0    182,7 

AIb  maBgebend  fOr  den  Geschiebetrieb  wnrde  der  Spiegel  -f  0,8  angeseben  und 
fflr  das  nrspr^nglicbe  Ge^Ue  JftU==  0,0012  schien  ^©•it^lm  zu  aein.    Der  Ge- 
schiebetrieb  ergab   sich  hiemach 
zu  i|;.  879,9. 0,0012*  =  t^.  0,006  47.  t*-^J>eBreUe        -i 

Die  Durchfldsse  wurden  far  eine 

in  AuBsicht  genommeneEinBchr&.n- 

kung  auf  90  m  Normalbreite,  also 

bei  Teilung  der  Fl&che  durch  eine 

entsprechende  Gerade,  zu  Q^  »« 

486,4  und  Q„  =  33,8  m*  sec"*  be- 

Btimmt     Die    grdfiere   Teilflg.che 

wies   von    Q^    durchstrOmt   eine 

mittlere   Tiefe   ^ait  von  2,607  m 

auf,  welche  sich  bei  Durchleitung 

von  Qfn+  Q^  =  619,7  m'  sec'^  auf  B  »  2,622  m  erhOhen  muflte,  falls  das  Geftlle 

:«=  j;,!^  s»  0,0012  blieb.  So  lange  das  GeflQle  Bich  nicht  &nderte,  konnte  sich  wie 


1)  In  einem  unver5ffentlichten  Gutachten. 
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Yorher  das  Geschiebe  erst  in  Bewegung  setzen,  wenn  es  1  m  hoch  uberronnan 
wnrde.  Mit  ^^^oaif^lni  berechnete  sich  fur  den  neaen  Spiegel  oder  fOx 
^K»  2,622  m  der  Geschiebetrieb  ffir  die  allein  noch  durchfiossene  Hauptteilfl&che 
zn  t(7  •  416,1  •  0,0012'  =  if)  •  0,00699,  also  grOfier  als  vorher.  Es  wurde  nnn  ver- 
suchsweise  Jnen  "=  0,96  J^u  =  0,001 14  gesetzt.  Damit  ergab  sich  ^nw  =  ^ait :  0,95 
=«  1,058  nnd  -H,en  =«  Hyj^iWJnVu  =  2,622  :  ^0^  =  2,669,  das  heifit  eine  im  Ver- 
gleich  zur  Sohle  nm  0,162  hOhere  Spiegellage  als  die  ursprungliche,  fSr  die  ff,jt 
bei  dem  von  Q^  dnrchstrOmten  FloBteile  ==»  2,507  gewesen  war.  Ftir  Jnmu^^  0,001 14, 
Ao  MB  =»  1,068  und  ITnea^  2,669  berechnete  sich  endlich  der  Geschiebetrieb  za 
'^  •  432,4  ■  0,001 14' »  0,00560,  also  vom  ursprdnglichen  fp  -  0,00647  so  wenig  Ter- 
schieden,  dafi  das  endgClltige  Ge^lle  zu  0,00114  angenommen  werden  konnte. 

137,  Sohlammf&rderuiig.  Bei  alien  Yersuchen  fiber  die  Abrollung 
yon  Gesteinsstucken  bildete  der  Abrieb  einen  feinen  Schlamm^  wahrend 
unbedeutende  Mengen  manchmal  in  Losung  gingen^).  Aus  diesem  Ab- 
rieb Yon  lehmigen  StoflPen,  welche  das  Wasser  unmittelbar  der  Erdober- 
flache  entnimmt,  besteht  der  scbwebend  mitgefObrte  Scblammgebalt  des 
trUben  Wassers.  Der  Scblammgebalt  scbeint  keinem  so  ausgesprocbenen 
Oesetze  zu  geborcben  wie  der  Gescbiebetrieb;  wobl  deswegen^  weil  die 
Scblammabkgerung  viel  mehr  Zeit  in  Ansprucb  nimmt  und  viel  leiebter 
gestort  wird  und  weil  das  Wasser  sebr  grofie  Scblammassen  aufaebmen 
kann^  obne  gesattigt  zu  sein. 

Nach  dem  durcb  Gl.  (331)  ausgedrdckten  Gesetze  desGescbiebetriebes 

G,- 0,54  j^hJ(hJ-hM 

7\       7 

milBte,  weil  fiir  Scblamm  I^qJq  sebr  klein  wird^  die  Scblammfubrung 
wie  die  zweite  Potenz  von  hJ  oder,  weil  nach  de  Gheey  U=  cYhJ  ist, 
die  Scblammfubrung  wie  die  vierte  Potenz  der  Stromungsgescbwindig- 
keit  U  wacbsen.  Nun  wachst  aber  der  Abflufi  selbst  proportional  Uh, 
daber  wtichse  der  Scblammgebalt  des  Wassers  proportional  U*h^\ 
Hiervon  abweichend  wUrde  man  auf  Gnmd  der  HermaneksQheii  Formal 
[7=  34A*/«  J*/«  die  Scblammforderung  proportional 

Cr'/-JV.     Oder     mh'' 
und  den  Scblammgebalt  proportional 
(337)  fjv.jv.     Oder     U^h'^ 

erbalten.  Andererseits  ist  A  =  g:  (7  und  nacb  Hermanek  J^  U:  1156 A*^» 
=  Z7'/»:  II662*/*;  daber  ware  bei  Scblamm 


»  1  ««      rrs 


1  y»     U' 


(337a)  G, «  0,54  -^L^h'J^^  ^^,, ^^^ 

^  ^  Yi  —  y  247o000  yj  —  y    q 

Der  Ansatz  beziebt  sicb  freilicb  strenggenommen  nur  auf  die  Forde- 
rung  auf  der  Sohle,  aber  die  Ansatzform  erfahrt  immerhin  eine  gewisse 
Bestatigung  dadurch,  dafi  die  schon  erwahnten  Yersuche  yon  G.  F.  Dea- 

1)  A.  Penck,  Morphologie  der  Erdoberfl&che,  1.  Teil,  Stuttgart  1S94,  8.  294. 
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can^)  diesen  zur  Ansicht  fuhrten,  daB,  wenn  das  Wasser  feiDen  Sand 
schwebend  mitreifit,  die  Menge,  die  es  mitfiihren  kann,  proportional 
mit  U^  sei.  Die  Qeschiebetriebformel  war  ihm  natiirlich  unbekannt^  docb 
bemerkt  er  ausdrtlcklich,  daB  er  die  von  anderer  Seite  geanBerte  Mei- 
nung')^  diese  Menge  sei  proportional  U^,  ftlr  nnriehtig  halte.  In  der 
Natur  ist  das  Wasser  der  Flfisse  selten  gesattigt^  so  daB  deren  Scblanun- 
gehalt  meist  in  keiner  festen  Beziehung  zur  Geschwindigkeit  steht  und 
nnr  ganz  im  allgemeinen  mit  ihr  zu  wachsen  pflegt.  Der  Schlammgehalt 
der  FlUsse  ist  auch  sehr  yerscbieden  nnd  groBen  Scbwankungen  unter- 
worfen^  wie  nachstehende  Tabelle*)  zeigt^  welcbe  die  in  1  m'  Wasser 
entbaltene  Schlammenge  in  g  angibt: 


'f4 

-^  a 

•s 

ippi 

Elbe  1 
Geesth 

Si 

eS  «0 

QQ 

Rhone 
Lyo 

08 
GQ 

Donan 
Pes 

Q 

i 

< 

Hng 
Irrawa 

^•^ 

2 

00 

Januar  . . .:  22,4 

35 

61 

18 

25 

40 

52   15  i  509 

539 

251 

167 

576 

Febraar..  5,5 

20 

100 

10 

81  '  92 

58  110 

192 

699 

402 

126 

625 

Mara '  37,6 

8 

107 

27 

55  84 

375  '  801   765 

2217  833 

58 

681 

:  April •  85,2 

7 

28 

7 

52  16 

898  100  1806 

27821577 

66 

8821 

1  Mai '  30,0 

5 

20 

8 

78  11 

521   99  968  1972  191 

47  809  1 

'  Juni 42,3 

9 

13 

8 

97'  10 

11157  236  222813086  801 

69 

975  1 

Juli 42,1 

86 

8 

5 

185 

20 

1673  256  8896 

1126  788 

178 

860 

Augnst . . . ;  39,7 

27 

7 

4 

122 

32 

2280  151  2109 

1272 1 986  1492 

1059! 

September  32,8 

28 

7 

6 

52  41 

740   50  1309  1186  939 

548 

666 

Oktober . .  20,2 

78 

5 

4 

128  1  88 

8500   38  895  873  606 

878 

241, 

November  14,5 

79 

70 

46 

62 

78 

546  —   661.  995  724 

344 

230 

Dezember  .•  51,8 

48 

152 

49 

18!  62 

1 

271   21   571  778  426 

289 

385 1 

Dabei  ist  es  die  Kegel,  daB  der  Schlammgehalt  nach  unten  zunimmt; 
80  wurde  in  vier  aufeinander  folgenden  Jahren  im  Sutley  bei  Rupar  an 
den  Bchlammreichsten  Tagen  nachstehendes  Verhaltnis  des  Schlammes 
zum  Wassergewicht  bei  Proben  aus  verschiedenen  Tiefen  gemessen^): 


'  Str5mnng8-  |i 
igeschwindig-'i 
keit        I,- 


Tiefe  nnter  der  Oberfl&che  in  m 


msec 


-1 


0,46 


1894 
1895 
1896 
1897 


T 


0,91       1,37       1,83       2,29    ;    2,74 


2,38 
1,99 
8,54 
2,65 


1:69 
1:59 
1:79 
1:78 


1  :  68  I  1 :  66  I  1  :  66  I  1  :  64  i  1  :  68  !  1  :  59 
1 :  50  I  1 :  48     1  :  45     1 :  42 
1  :  72     1  :  60 


1:75 


1:72 


1:45 
1:54 
1:68 


1  :  40  I     — 


8,20 
1  :84 


1:57;     -     ,     -     ;     - 


1)  Min.  Proc.  Inst.  Ciy.  Eng.  118  (1894),  S.  95. 

2)  W.  Airys  Ansdmck  fOr  den  StrOmnngsdruck  wnrde  zuweilen  nnberech- 
tigterweise  als  Aoadrack  fClr  den  Geschiebetrieb  anfgefafit. 

8)  A.  Penck,  Morphologie,  1.  Teil  1894,  S.  800. 

4)  R.  B  Buckey,  Lrigation  Pocket  Book,  London  1911,  S.  97. 
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Dafi  es  die  Turbolenz  und  die  mit  den  Pulsationen  zusammenhan- 
genden  Druckschwankungen  sind^  welche  yeraDlassen,  daB  Wirbel  oder 
aufwarts  gerichtete  Stromungen  den  Schlamm  ans  dem  Boden  in  die 
Hohe  reifien^  ist  sicher^  aber  Naheres  ist  fiber  den  Vorgang  nicbt  be- 
kannt.  Nacb  J.Dupuit^)  nimmt  zwar  die  Fabigkeit  des  Wassers,  Eorper 
schwebend  zu  erhalten,  wesentlich  mit  dem  Geschwindigkeitsnnterschiede 

benacbbarter  Faden,  also  mit   ,  -  (worin  e  die  Tiefe),  zu,  bewegen  sicli 

aber  die  Scbwebeteilcben,  soweit  dem  nicbt  die  Schwere  entgegenwirkt^ 
gegen  die  S telle  bin,  wo  u  sein  Maximum  bat.  Aucb  nacb  6r.  Jdger^} 
bewegen  sicb  kleine  Edrpercben  von  Stellen  grofieren  zu  solchen  klei- 
neren  Gescbwindigkeitsgefalles.  Hinzugefiigt  werde  nocb,  daB  Teilcben^ 
die  sicb  in  gekrQmmten  Wasserfaden  befinden,  vermoge  der  Fliebkraft 
(ygl.  oben  S.  11)  aus  ibnen  berausgedrangt  werden  mussen.  A.  Flamant^} 
meint,  dafi  die  Tragf  abigkeit  des  Wassers  sowobl  mit  der  Turbulenz  und 
daber  mit  der  Gescbwindigkeit  und  deni  Profilradius  als  aucb  innerbalb 
desselben  Querscbnittes  mit  dem  GescbwindigkeitsgefaUe  wacbse.  Des 
groBeren  Gescbwindigkeitsgefalles  wegen  nebme  die  Tragkraft  mit  der 
Tiefe  zu.  DaB  die  in  die  Hobe  gebracbten  TeUcben  nur  langsam  nieder- 
sinken,  ist  scbon  oben  erwabnt  worden. 

Mitgerissener  Scblamm  kann  dadurcb  Scbaden  stiften,  daB  er  sich 
anderwarts  wieder  ablagert  Ausgedebnte  einscblagige  Beobacbtnngen 
nabm  R,  G.  Kennedy^)  in  Bari-Doab  vor.  Dessen  Bewasserungsnetz  war 
besonders  geeignet,  weil  es  das  ganze  Jabr  bindurcb  gleicbmaBig  durcb- 
flossene  Strecken  besitzt,  die  nie  entscblammt  wurden  und  im  Laufe  der 
Zeit  ibren  Querschnitt  selbsttatig  derart  yerandert  baben,  daB  nunmebr 
weder  Ablagerung  nocb  Auswascbung  erfolgt.  Das  Strom wasser  ist  im 
Sommer  scblammiger  als  im  Winter,  aber  der  Schlamm  lagert  sich  in 
den  oberen  Strecken  ab,  bis  das  Winterwasser  ihn  wieder  aufhimmt, 
so  dafi  der  Schlammgehalt  im  unteren  Teil  des  Netzes  sicb  kaum  andert^ 
auBer  wenn  ein  Hochwasser  eine  andere  Scblammsorte  bringt.  Die  mitt- 
lere  Gescbwindigkeit  (in  m  sec"  ^)  in  diesen  Strecken  fand  Kennedy 

(337  b)  Z7,«1,80A«'«*, 

worin  h  die  Tiefe  der  sich  fast  rechtwinklig  ausbildenden  Querschnitte 
bedeutet.  Die  Breite  schien  ohne  EinfluB.  ^rigens  ddrfe  bei  festem 
Boden  bei  gleicbem  Wasser  U^  liberschritten  werden,  wahrend  Unter- 


1)  /.  Dupuit,  £tadeB,  S.  220. 

2)  Wien,  Ber.  112»»  (1908),  S.  1686. 

S)  A.Flamant,  Hydrauliqne,  2.  ^d.  Paris  1900,  S.  308;    3.  ^d.  1909,  S.  803. 
4)  Min.  Proc.  Inst.  Civ.  Eng.  119  (1896),  S.  281. 
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schreitungen  Yersclilammung  zur  Folge  hatten.  61.  (337  b)  mag  zum 
Schlnsse  berechtigen,  daB  der  Schlammgehalt  mit  irgendeiner  Potenz 
yon  ?7^fc"®»**  in  fesiem  Yerhaltnis  stehe,  was  der  Formel  (337)  ent- 
^prache^  denn  nach  ihr  wdchse  der  Schlammgehalt  fast  genau  wie 
(Z7„A""®»")^  jB.  B.  Buckey^)  vermutet,  dafi  in  Sind,  dessen  Kanale  rom 
Indus  gespeist  werden,  f7„  nur  etwa  %  obigen  Wert  haben  darf,  wie 
denn  auch  fUr  die  Kanale  des  Shwebo  und  Mandalav  in  Birma  sich 
obiges  U^  zu  grofi  zeigt. 

Bei  grofien  Geschwingkeiten  kann  man  jedenfalls  den  Schlamm- 
gehalt bedeutend  steigem.  So  kann  bei  Fortschaffang  von  Baggergut 
durch  Leitungen  Y^,  bis  Yj  Bodengehalt  als  Regel')  gelten  and  scheint 
man  selbst  Gemische  von  ^5  Wasser  und  %  Erde  scfaon  gefordert  zu  haben. 

Um  der  Frage  der  Schlammablagerung  in  Stromerbreiterungen  und 
Seebecken')naberzutreteny  werde  zunachst  angenommen^dafi  der  Schlamm- 
fall  sich  langs  einer  Wassersaule  nicht  andere,  d.  h.  dafi  jede  Scheibe 
der  Saule  ebensoyiel  Schlamm  (Schweb)  nach  unten  abgebe,  wie  sie 
Yon  oben  empfangt.  Zu  oberst  mag  dabei  eine  Elarung  eintreten^  die 
aber  nirgends  bis  zur  Sohle  reiche.  Die  Schlammregendichte^  d.  i.  die 
H5he  der  auf  die  Sohle  in  der  Zeiteinheit  fallenden  Schwebmenge  ist  dann 
bei  gleicher  Wassertriibung  fiber  alien  Sohlenpunkten  gleich  grofi  und 
unabhangig  von  der  Tiefe  (Saulenhohe),  so  dafi  es  gleichgiiltig  ist;  wie 
rasch  das  Wasser  iiber  der  Sohle  stromt.  Wenn  die  Bewegung  des 
Wassers  lebhaft  genug  ist^  um  ab  und  zu  den  Schlamm  aufzuwirbeln, 
so  spielen  sich  zwei  Vorgange  gleichzeitig  ab:  ein  fortgesetztes  Sinken 
der  Trube  auf  den  Boden  und  ein  zeitweises  Aufsteigen  von  Schlamm- 
wolken  aus  letzterem.  Wo  die  Bewegung  am  ruhigsten,  also  ungefahr 
dort;  wo  der  Querschnitt  am  tiefsten  ist^  wird  die  Deckenbildung  am 
raschesten  erfolgen.  Dabei  handelt  es  sich  um  den  Unterschied  des 
gleichmiifiigen  Sinkens  und  des  ungleichmafiig  yerteilten  Aufwirbelns^ 
so  dafi  anzunehmen  ist^  dafi^  wo  die  beiden  Vorgange  sich  ziemlich  die 
Wage  halten,  schon  eine  geringe  Turbulenzabnahme  eine  wesentlich 
starkere  Ablagerung  yerursacht.  Abweichend  yon  den  geschilderten 
Schwebablagerungen  mnfi  eine  solche  geradezu  proportional  mit  der 
Tiefe  yor  sich  gehen^  wenn  Hochwasser  das  ganze  Seebecken  mit  gleich- 
mafiig  triibem  Wasser  fiillen;  das  sich  dann  durch  Stehen  klart.  Da- 
bei bliebe  zwar  die  Sohle  gewellt^  doch  wUrden  die  Wellen  allmahlich 


1)  Irrigation  Pocket  Book,  London  1911,  S.  104. 

2)  Paulmann  and  Blaum,  Z.  d.  V.  deutsch.  L  53  (1909),  S.  972.  B.  Salomon, 
ebenda  31  (1887),  S.  944,  946. 

3)  Einschlagige  geologische  Arbeit  G.  Goizinger :  Sedimentierung  der  Lunzer 
Seen,  Yerhandlnngen  d.  geolog.  Reichsanstalt  1911,  S.  178.  Ygl.  oben  S.  899,  409. 
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fiacher  werden.  Freilich  kame  der  Umstand  hinzu,  dafi  schlammhaltiges 
Wasser  schwerer  als  reines  ist  nnd  daher  bestrebt  ist^  in  die  Yertiefungeii 
zu  flieSen  and  diese  einzuebnen.  Eine  ahnliclie  Wirkung  ist  einer  Wasser- 
bewegung  zuzuschreiben,  bei  welcher  die  Schwammteilclien  anf  der  SoUe 
kollem  oder  gleiten  oder  sich  nor  wenig  fiber  sie  erheben,  bis  sie  an 
den  tiefsten  Stellen  zur  Rnhe  kommen. 

J,  Seddon^)  stellte  Klarversuche  an,  welche  lehrten,  dafi  die  Elarung 
an  der  Oberflache  beginut  und  dafi  die  Schnelligkeit,  mit  welcher  ein 
bestimmter  TriLbungsgrad  abwarts  wandert,  im  Anfiang  nach  der  FHUang 
aufierst  gering  ist.  Der  Grad  4}/^  der  Lichtmefiskale  rQckte  z.  B.  in  2  Fufi 
(0,6  m)  Tiefe  etwa  0,1  Fufi  (3  cm)  pro  Stunde,  in  8  Fufi  (2,4  m)  Tiefe 
aber  0,4  Fufi  pro  Stunde,  also  4mal  so  schnell,  abwarts.  Seddan  glaabt 
aber  nicht  an  einen  beschleunigten  Fall  der  Teilchen,  weil  dem  der  Wasser- 
widerstand  entgegenstehe,  sondem  an  einen  yerzogerten  Bewegungsbe- 
ginn,  weil  das  Wasser  nach  dem  Fullen  geraume  Zeit  zur  Bemhigung 
brauche.  Diese  Verzogerung  sei  fiir  die  kleineren  Teilchen  erheblicher 
als  fiir  die  groberen.  Wind  —  also  Wellen  —  zeigte  sich  Qbrigens  ohne 
Einflufi.  Weder  Seddon  noch  Vauthier  ziehen  also  in  Betracht,  dafi  ein 
Teilchen  durch  sein  Sinken  eine  zunehmende  Abwartsstromung  bewirken 
kann,  die  selbst  wieder  das  Sinken  immer  mehr  erleichtert,  dafi  also  eine 
Beschleunigung  doch  moglich  ist.  Da  Unruhe  im  Wasser  die  Stromf  aden 
verschiebt,  konnte  sie  hierdurch  die  Beschleunigung  hintanhalten*). 

Wenn  der  Schlamm  eine  gewisse  Dicke  erreicht  hat,  ist  der  Yor- 
gang  nicht  mehr  als  Niedersinken  vereinzelter  Flocken,  sondem  als 
Aufwartsfliefien  von  Wasser  durch  eine  Schlammschicht  aufzufassen*). 
Das  Wasser  wird  dabei  stets  durch  dieselbe  Kraft  —  dem  ^bergewicht 
der  gesamten  Schlammasse  —  emporgetrieben.  Wtirde  der  Schlamm 
dicht  geprefit  die  Hohe  8  annehmen,  so  erfiillt  er  bei  einer  Hohe  z  fiber 
der  Flacheneinheit  Sohle  den  mittleren  Querschnitt  s :  z  und  bleibt  ^Sor 
das  Wasser  der  Querschnitt  {z  —  s)i  e  fibrig.  Diesen  mufi  es  auf  der 
Lange  z  durchstromen.  Bei  seiner  Zahigkeit  ri  erlangt  es  daher  gemafi 
der  Bauweise  der  Formel  (14f)  S.  26,  wenn  k  eine  Eonstante  bedeutet, 
die  Geschwindigkeit 

1   z  —  8 


k    riz* 

1)  Joum.  f.  Gasb.  u.  Wass.  33  (1890),  S.  8  nach  Journal  of  the  AssociatioD 
of  Engineering  Societies  1889,  Nr.  10. 

2)  In  st&dtiachen  Abw9.8Bern  besteht  der  Feinschlamm  fast  ganz  ans  orga> 
nischen  Stoffen,  wird  beim  Sinken  allmlLhlich  vom  Fett  nmschlossen,  dadurch  zom 
Toil  schwebeod  erhalten,  and  gerftt  schliefilich  in  F&ulnis.  Anf  ihn  hat  daher 
das  oben  Gesagte  keinen  Bezug. 

8)  Bisher  unverdffentlicht. 
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Der  aufwarts  gerichtete  DurchflnB  betragt  also 

Z  —  8     if  —  8  __    (if  —  «)• 

k7\z^       z  kriz^    ' 

und  da  der  abwarts  gerichtete  Schlammfall  ebenso  groB  sein  mufi,  sein 
Querschnitt  aber  s :  e  ist,  ergibt  sich  die  Schlammgesohwindigkeit 

au8  der 

(Z  —  8)* 

oder 

—  t  ^  kris\     ~'  _'^  -'  +  2s  log  nat  {e  —  s)\  +  konst. 

her^orgeht.  Hiemach  fande  sich  der  Zeitaufwand  zur  Verminderuug 
Yon  J8^  auf  z^  za 

(337d)       <„-i,5J;er/-S^2-«-.^/;^-2i  +  2slogn8t?;;^;). 

Inwieweit  diese  Formel  zutrifft,  konnen  nur  Yersuche  lehren. 

Eine  Endyerzogerang  ahnlich  dieser  Theorie  neben  einer  Anfangs- 

yerzogening  ahnlich  Seddon  beobachtete  dbrigens  0.  Barus^), 

Mit  den  Schlammwolken  izn  Wasser  bieten  die  Wolken  in  der  Lnft  eine 
gewisse  iUinlichkeit.  Aach  wenn  man  von  elektriacben  und  thermodynamischen 
Yorg&ngen  absiebt,  bleibt  aber  noch  der  Unterschied,  dafi  das  Eigengewicht  der 
Tr5pfchen  ein  Vielfaches  jenes  der  Lnft  ist  nnd  daB  letztere  nur  geringe  Z&hig- 
keit  besitzt.  Erw&hnt  sei  hier  nnr,  dafi  bei  dem  Niedersinken  die  Yereinigong 
der  urspriinglich  ziemlich  gleichen  TrCpfcben  bewirkt,  dafi  die  Gewichte  der  h&u- 
figsten  Tropfen  in  jedem  Begen  sich  nach  Defant  wie  1:2:4:8  verhalten '). 

138.  Der  XJmrifi  gleichen  Widerstandes.  Es  liegt  nahe^  den  Um- 
rifi  eines  natlirlichen  Wasserlaufes  als  solchen  einer  aufiersten  Gleich- 
gewichtslage  aufzufassen^);  d.  h.  sich  alle  GeschiebestiLcke  gleich  groB 
zn  denken  und  auf  der  Boschung  ein  GeschiebesttLck  anzunehmen,  das 
sich  eben  noch  in  Ruhe  befindet.  Betragt  das  Gewicht  (die  Yertikal- 
kraft)  im  Wasser  V,  so  ist  bei  einer  Boschungsneigung  a  der  Normal- 

druck  auf  die  Boschung 

N  ^V  cos  a 

und  die  Komponente  der  Schwere  in  der  Richtung  der  grofiten  Boschungs- 
neigung V  sin  a.  Die  StoSkraft  des  Wassers  werde,  indem  der  Einfach- 
heit  halber  auf  Stembergs  Auffassung  (s.  oben  S.  479)  zurtickgegriffen 

1)  Bulletin  of  the  U.  S.  Geolog.  Surrey  6  (1887),  S.  622. 

2)  A.  Wegener,  Thermodynamik  der  AtmoBph&re,  Leipzig  1911,  S.  t61.  Siehe 
auch  Fufinote  4  S.  398. 

8)  Ph,  Forchheimer,  mitgeteilt  in  F,  Wittetibauer,  Aufgaben  aus  der  tech- 
niflchen  Mechanik  8,  Berlin  1911,  S.  49,  246. 
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wird,  proportional  der  Tiefenlage  sf  unter  dem  Spiegel,  also  gleich^z 

angenommen,  worin^  fUr  jede  Boschungsstelle  denselben  Wert  hat.  Die 

X.    ^-^  beiden  in  der  Boschungsflache  wirkenden,  aber  senk- 

yP(8jvy  recht  zueinander  gerichteten  Erafte  Fsina  und  pz 

^f  jv     "-V  setzen  sich  zu  einer  ebenfalls  in  der  Boschungsflache 

— -*-"=>'     wirkenden  Kraft  yV^  sin*  a  +  p^jer*  zusammen.  Betragt 

nun  die  Reibungsziffer  zwischen  Bdschung  und  Geschiebestuck  tang  ^j 

so  ist  das  StUck,  wo  es  auch  liege,  soeben  in  Ruhe,  wenn  ftir  den  Um- 

rifi  die  Gleichung 

(338)  F  *  sin«  a  +  'p^z^  =  F«  cos*  a  tang«  tp 

erfiillt  ist.   An  der  tiefsten  Stelle  z  =  J9m»x,  wo  der  Sohlenumrifi  wag- 
recht  verlauft  oder  a  «  0  ist,  gilt 

(338  a)  l^ifmax  =  y  tang  qp 

und  die  Vereinigung  von  (338)  und  (338  a)  liefert 


sin*  a  +    J    tang*  tp  «-  tang*  ^)  —  sin*  a  tang*  9 


oder 


Bin  OL 


Y^^- 


(338  b) 

Nun  ist,  wenn  man  mit  s  die  UmriBlange  bezeichnet, 

dz 

sm  a  =«  , 
as 

and  daher  kann  man  (338  b)  auch  als  Differentialgleichung  in  der  Form 

dn 


ds 


'max 


schreiben,  deren  Integral 


«in&x  •  Z 


(338  c)  s^  -  ."^^  arc  sin        +  konst. 

^  ^  Bin  9  Zt 


lautet.  MiBt  man  die  Eunrenlange  vom  Spiegelpunkt  e  ^0  aus,  so  ent- 
f  aUt  die  Eonstante  und  man  hat 

/oQn\                                                 ^            •     *  sin  op 
(doy)  ~     =-  sm ~  • 

Fdr  die  Umrifimitte  wird  z  »  ^maz  und  sohin  zeigt  sich  die  Umrifilange 
Yom  Spiegelpunkt  bis  zur  Mitte 

(340)  S  =  V  '""  . 

Fiir  den  Eriimmungshalbmesser  des  Umrisses  gilt  bei  entsprechender 
Yorzeichenwahl 

<340a)  r  =  -  ^'  =  -  ^-  • 

^  ^  da  Binaaa 
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Da  nun  nach  (338  b) 


cos  a  «  cos  9 l/l  +    1—  tang*  tp 

ist,  folgt  durch  Differentiation  ein  Ausdmck  for  sin  a  da,  der  in  (340a) 
eingesetzt 

<340b)  r  =  -.  -7^  — 1/^-7  +  tang«  w 

^  /•  Bin  qp  tang  9>  '       e^  ox 

liefert.  Hiemach  ist  r  im  Spiegel  nnendlicli  grofi,  nimmt  mit  wachsen- 
der  Tiefe  ab  und  mifit  in  der  Bettmitte 

(340  c)  Tmin  ="  ^mftx  :  sin*  y. 

Die  IJmrifineigung  a  wird  am  Spiegel^  wo  der  Wasserstofi  verschwindet^ 
dem  Wesen  der  Aufgabe  entsprechend  zu  (p,  Der  dbrige  Yerlauf  des 
Umrisses  ist  derart^  dafi  der  Krfimmungsradius  sich  nnr  so  viel  andert^ 
als  die  statischen  Verhaltnisse  es  erfordem.  Bei  Rtlcksichtnahme  auf 
die  Haltbarkeit  der  Boscbungen  liefert  daher  der  betracbteto  Umrifi  den 
Qnerscbnitt,  der  bei  gegebener  Flacbe  am  meisten  Wasser  fCLbrt^  und 
nicbt,  wie  gewohnlicb  gesagt  wird^  der  Ereisbogen  mit  anschlieBenden 
Tangenten.  Demgemafi  yerlangt  letztere  Ausfdhrungsweise  bei  gleicber 
Wasserfiihrung  die  groBere  Aushubflache  und  zwar  gelten  folgende 
Zahlen: 

Boschung  am  Spiegel      1:1      1 : 1 V,      1:2      1 :  2V,      1:3 
Fmcbenverhaltnis  1,024     1,030     1,034     1,036     1,037 

Bisher  wurde  stillscbweigend  angenommen,  dafi  das  Langsgef  alle  zu 
gering  sei,  um  fQr  ein  Butscben  des  Gescbiebes  in  Betracbt  zu  kommen. 
Nun  werde  dem  Rinnsal  eine  Langenneigung  i  erteilt^).  Dann  wird  erstens 
die  parallel  zur  Symmetrieebene  des  Gerinnes  und  senkrecbt  zu  seinen 
Erzeugenden  wirkende  Kraft  V  auf  V  cos  ^  vermindert  und  tritt  zwei- 
tens  zur  Stofikraft  des  Wassers  iiberaU  eine  Teilkraft  V  sin  l  des  Ge- 
scbiebegewicbtes  binzu.  Diese  Teilkraft  liefie  sicb  aber  im  urspriinglicheny 
gefaUosen  Gerinne  aucb  erzeugen,  dadurcb,  dafi  man  dessen  Spiegel  um 
ein  gewisses  Stiick  a  bebt,  denn  dann  wiicbse  der  fniberen  Annabme 
gemafi  die  Stofikraft  um  pa]  man  miifite  also  nur 

(341)  pa  =  Fsin  t 

macben,  um  das  Langsgef  aUe  durcb  eine  Spiegelerbebung  zu  ersetzen. 
Von  Belang  ist  femer,  dafi  die  Ableitung  von  (339)  zwar  ein  unveran- 
derliches  Gescbiebegewicbt  V  yoraussetzt,  dafi  es  aber  auf  dessen  Grofie 
nicbt  ankommt,  so  dafi  sicb  V  obne  weiteres  durch  V  cos  i  ersetzen  lafit. 


1)  Bisher  unverOffentlicht. 

Forohhelmer:  HjdrAnlik  32 
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Die  fiir  kaam  geneigte  Laufe  entwickelte  Gleichung  (339)  bleibt  also 
auch  jetzt  fiir  den  Querschnitt  senkrecht  zu  den  Erzengenden  bestehen^ 
wenn  man  nnr  den  Spiegel  nicht  mehr  an  der  SteUe  0  =  0,  sondem  an 
der  Stelle  j?  »  a  liegen  laBt.  Da  fQr  die  Geschwindigkeit  in  der  Strom* 
rinne  die  Beibung 
(341  a)  F  cos  t  •  tang  g)  ^p  -  Bmu^ 

sein  mufiy  folgt  in  Yerbindnng  mit  (341) 

worin  jerm^x  die  senkrecht  zum  nenen  Spiegel  (also  nnter  der  Neignng 
90^—  e)  gemessene  Tiefenlage  des  tiefsten  Sohlenpnnktes  unter  der 
Parallelebene  zum  Spiegel,  also  ifmax  —  a  die  in  gleicher  Richtnng  ge- 
messene grofite  Wassertiefe  ist.  Eine  Nachrechnnng,  die  hier  nicht  weiter 
ansgefUhrt  werde,  zeigt,  dafi  im  Spiegel  die  Bettneigung  gegen  die  Wag- 
rechte,  wie  mechanisch  nicht  anders  moglich,  q>  betragt.  Ftlr  den  halben 
benetzten  Teil  des  senkrecht  zn  den  Erzengenden  gefiihrten  Schnittes 
findet  sich  nach  (339),  wo  jsr  =  a  zu  setzen  ist,  und  (340)  die  Lange 

(341c)  5,  =  S  -  5  -  -5^  (^  -  arcsin--^  )  . 

Auf  denselben  Querschnitt  wie  bei  einer  zu  bertlcksichtigendeii 
Langsneiguug  l  kame  man  abrigens  auch  bei  yernachlassigbarem  Flu£- 
gef alle,  falls  man  die  Geschwindigkeit  am  Bettumfange  >-»  p{z  +  a)  &Q- 
nehmen  wiirde,  womit  man  bei  richtiger  Wahl  der  Eonstanten  a  der 
Wahrheit  naher  als  mit  der  einfachen  Annahme  pe  kommen  diirfte. 

Nachdem  nunmehr  die  Gleichgewicht-sform  der  Wasserlaufquer- 
schnitte  abgeleitet  ist,  drangt  sich  die  Frage  auf,  ob  zu  erwarten  steht^ 
dafi  sie  sich  im  aUgemeinen  ausbildet.  Die  Frage  muB  —  wenigstens 
far  die  Fliisse  mit  Geschiebebett  —  verneint  werden.  Bei  Cberschrei- 
tung  des  Gleichgewichtes  koUert  namlich  das  Geschiebe  gegen  die  tiefsta 
Profilstelle.  Das  Wasser  trachtet  also  —  wenigstens  bei  glatten,  festeu, 
steilen  und  geraden  Ufem  —  seine  Sohle  einzuebenen,  wie  man  sich  in 
Versuchsgerinnen  iiberzeugen  kann  ^).  In  der  Natur  treten  zahlreiche 
storende  Einwirkungen  auf,  darunter  wohl  als  wesentlichste,  dafi  die 
Laufe  geschlangelt  zu  sein  pflegen;  die  Bettumrisse  haben  daher  die  ver- 
schiedensten  Formen^).  Nach  R.  Siedek  weichen  sie  in  den  Geraden  nicht 
sehr  Yon  der  Parabelform  ab.  Uber  das  Verhaltnis  der  Tiefe  zur  Spiegel- 
breite  hat  derselbe')  ausgedehnte  Untersuchungen  angestellt,  deren  Er- 

1)  S.  oben  S.  492  fiber  die  fast  rechteckigen  Kanalqaerschnitte  in  Bari-Doab. 

2)  Ygl.  B.  Jasmund  in  Handb.  d.  IngenieurwiBBenschaften ,  8.  Wasserbau, 
1.  Bd.,  4.  Aofl.,  S.  230. 

8)  Z.  d.  5flt.  I.  u.  A.V.  64  (1902),  S.  136;  67  (1906),  S.  78. 
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fbf  MOfi 


■= K 


e^ 


»-■ 


gebnis^  es  sei  im  normalen  FIuB  von  der  Spiegelbreite  B  (in  m)  die  in  m 
gemessene  Tiefe 

(47)  T^ « i/o,or75jgr^;oi25 , 

schon  oben  S.  72  mitgeteilt  wurde. 

Tatsachlich  scheint  aber,  wo  keine  Storungen  obwalten^  die  Eriim- 
mung  nicht  wie  bei  der  Parabel  gegen  die  XJfer  zn  abzunehmen,  sondem 
hier  scharfer  zn  werden.  F.Kreuter^)  nimmt  daher,  freilich  ohne  nahere 
BegrQndnng^  die  Oleichnng 

( ^9^  ^        ^^  ^  —  *^^  ** 

^        ^  Znax        sin  <p  -f-  sin  a 

an,  die  er  mit  einigen  Aufhahmen  yergleicht. 

Vom  Bettqnerschnitt  wohl  zu  unterscheiden  ist  der  Rnnsenqner- 
schnitt,  weil  letzterer  zwar  eine  Folge  der  Betteintiefnng  ist,  aber  ober- 
haJb  dee  Wildbachspiegels  dnrch  8eit-"== 
liche  Erosion,  Abmtscb  oder  Einstnrz 
entsteht  und  recht  yerschiedenartige 
Formen  annehmen  kann*). 

Hier  sei  anch  erwahnt,  dafi  wenn 
ein  seiehter  Streifen  an  ein  Tiefbett 
grenzt,  wie  das  bei  Ansuferungen  haufig 
der  Fall  ist,  die  nngleichen  Geschwin- 
digkeiten  Wirbel  mit  senkrechten  Achsen 
zur  Folge  haben.  Diese  Wirbel  konnen 
unweit  derTiefbettkante  in  der  hoheren 
Sohle  Langsgraben  ansheben,  welche  zn- 
weilen  fast  wie  Rohrgraben  anssehen. 

139.  'BinflnB  des  Gtosohiebetriebes  anf  dieGtesohwindigkeit  Schon 
bei  Behandlnng  der  Stromnng  in  offenen  Laufen  (s.  oben  S.  78)  wurde 
aufmerksam  gemacht,  dafi  mit  b^innender  Geschiebebewegung  unter 
sonst  gleicben  Umstanden  die  Geschwindigkeit  U  abnimmt,  dies  also 
auch  der  Eoeffizient  c  der  Geschwindigkeitsformeln  tut.  Die  Eenntnis, 
dafi  bei  grofieren  GeschwindigkeiteD  c  wieder  abnehme,  ist  nicbt  nen. 
So  leitete  W.  R.  KuUer^)  fUr  seine  Raohigkeitsziffer  ans  Messungen,  die 
Grrd)enau  am  Rhein  angestellt  hatte,  die  Formel 


Leomhardbaeh 


HoohwftSMr  Tom 


V 


in  Grot 
16.  Jail  1918. 


(343) 


1)  Ebenda  66  (1904),  S.  670. 

2)  Siehe  diesbezflglich  /.  SHny,  Die  Mnren,  Innsbruck  1910,  S.  26  f.,  woBelbst 
weitere  Literatnr. 

'     8)  Allgem.  Banz.  38  (1878),  S.  286. 
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ab,  die  nur  insofem  nicht  zutrifffc^  als  die  Zunahme  von  n  nach  den  er- 
wahnten  Messungen  nicht  allmahlich  in  eine  Abnahme  iibergeht^  son- 
dem  plotzlich  einer  solchen  Platz  macht.  22.  LaiUerburg^)  bemerkt,  daB 
die  GeschiebeftLhrung  die  Stromnng  verzogere  and  dafi  z.  B.  die  Formel 
Yon  GanguiUet  nnd  Kutter  fQr  die  Sihl  Geschwindigkeiten  gegeben  babe, 
die  wohl  nie  yorkommen.  U,  Huber  *)  weist  fur  ein  Hochwasser  in 
Reichenberg  nach,  dafi  die  Formel  von  Baein  zwei-  bis  dreimal  zu  groSen 
Durchflnfi  ergebe^  nnd  fQgt  hinzu^  dafi  dberhaapt  bei  Hochwasser  die 
Eoeffizienten  c  so  nngleichformig  sind^  dafi  ihre  Wahl  znr  Willkiir  werde. 
C  Ydtentini^  erzahlt^  dafi  in  Panama  1890  ein  grofier  Stein  beobachtet 
wnrde,  den  eben  noch  das  Wasser  schleppte,  nnd  der  sofort  liegen  blieb, 
wenn  sich  ihm  kleinere  anschlossen«  Das  sei  ein  Beweis^  dafi  die  Ge- 
schwindigkeit  sofort  abnehme,  wenn  die  Geschiebemenge  wachst. 

Du  Bays*)  selbst  wamt  davor,  das  hJ  seiner  Formel  dorch  eine 
nach  den  iiblichen  Ausdriicken  berechnete  Geschwindigkeit  Uz\x  ersetzen, 
weil  eben^  wenn  das  Sandtreiben  beginnt,  diese  Ausdrflcke  nicht  mehr 
zntreffen.  Diese  und  andere  Anfierungen  bewogen  A,  SchoJditsch  za  Yer- 
snchen^)  uber  die  Andenmg  der  Bauhigkeitsziffer  y  in  der  jBojermschen 
Gleichnng 

(45)  .  =  -   '\- 

bei  tJberschreitung  der  Grenzschleppkrafb.  £r  verwendete  Porzellan- 
kugeln  Yon  0,04  cm'  Inhalt  oder  0,425  cm  Dmr.  and  dem  Eigengewicht 
2,17.  Die  Wassertiefe  h  schwankte  zwischen  1  and  4,5  cm,  das  Gefalle  J 
zwischen  0,001  and  0,003,  die  Geschwindigkeit  U  zwischen  0,19  and 
0,79  msec"^  Er  fand  Yor  Begiim  des  Geschiebetriebes  das  jBtmnsche 
y  «  0,265  m*/»  and  nach  dem  Beginn 

(344)  Bagins  y  =  0,265  +  VSOOO  {hJ-  V^) , 

worin  5000  die  Dimension  einer  Lange  hat  and  so  wie  h  and  A^  in  m 
gedacht  ist,  femer  h  and  \  dieselbe  Bedeatang  wie  in  61.(331)  besitzen. 

140*  EinfloA  der  Krummung  anf  den  Quersohnitt.  Der  Qaer- 
schnitt  eines  Yom  Wasser  ausgewaschenen  Bettes  hangt  nicht  nor  Yom 

1)  Schweizerische  Stromabflnfimengen,  2.  Anfi.,  Bern  1S76,  S.  40. 
«)  Osterr.  Woch.  f.  d.  Off.  B.  6  (1900),  S.  288. 

3)  Sistemazione  del  torrenti  e  dei  bacini  montani,  Mailand  1912,  8.  23  nach 
X.  N.  B.  Wyse,  Rapport  de  mission  en  Colnmbie,  1891. 

4)  Ann.  d.  ponts  et  cbauss.  (5)  18  (1879*),  S.  loS. 

6)  Im  hydrotechnischen  Laboratorium  der  tecbnischen  Hochschnle  in  Graz. 
Bisbei  unyerOffentlicbt. 
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Hohenrifi,  also  dem  Gef  alle,  sondem  auch  vom  Grundrifi,  also  den  Erflm- 
mungen  der  Bettachse  ab.  Zunachst  ist  es  klar^  daB  wenn  eine  Eurve 
auf  eioe  Gerade  folgt,  die  Geschwindigkeiten,  die  das  Wasser  in  der  Ge- 
raden  hatte,  einen  Aufstaa  am  konkaven  Ufer  der  Eurve  erzeugen  mClssen, 
und  dafi  dieser  Aufstau,  wenn  man  von  der  Beibung  absiebt^  bewirken 
muS,  dafi  das  Ufer  die  ankommenden  Geschwindigkeiten  (nicbt  etwa  die 
Wasserteilehen  selbst)  so  reflektiert,  wie  ein  Spiegel  die  Strahlen.  Die 
verscbiedenen  zurtlckgeworfenen  Gescbwindigkeiien  setzen  sicb  dann 
untereinander  sowie  mit  nocb  nicbt  zurtlckgeworfenen  zu  den  resultie- 
renden  Geschwindigkeiten  zusammen,  soweit  nicbt  die  Soblenreibung 
eine  gleicbformigere  Yerteilung  der  Geschwindigkeiten  veranlafit.  Das 
Entsteben  von  Stricben  mit  besonders  befbiger  Stromung  wird  aucb  da- 
durcb  gedampfty  dafi  die  Ufer  eine  Neigung  zu  baben  pflegen,  denn  eine 
solcbe  bewirkt;  dafi  nicbt  eine  bobe  zurfickwerfende  Flacbe  yorband^n 
ist,  sondem  deren  yiele  niedrige  besteben^  wie  man  erkennt^  wenn  man 
sicb  die  Boscbung  abgetreppt  denkt.  Wenn  ein  Streifen  paralleler  Ge- 
schwindigkeiten ein  Ufer  schrag  trifft,  setzt  sicb  also  jede  zuriickgewor- 
fene  Geschwindigkeit  mit  der  folgenden  ankommenden  zu  einer  in  der 
Uferrichtung  zusammen^).  Wo  ein  konkaves  Ufer  Yorbanden  ist,  lauft 
daher  der  Stromstrich  zunachst  ihm  entlang  und  wird  erst  zurQckge- 
worfen^  wo  die  Ankunftsgeschwindigkeiten  aufhoren^).  Es  werden  also 
Auswaschungen  am  eingebucbteten  Ufer  stattfinden^  bis  die  Querschnitts- 
Tergrofierung  bei  der  unveranderlichen  Wassermenge  wieder  eine  ge- 
nUgende  Geschwindigkeitsyerringerung  beryorruft. 


^ 


./ 


^■-11  1 1-  -  •  ^'  -- 


Bh«ln  b«i  Straflburg  (naoh  B.  Jasmand). 


Aus  dem  geschilderten  Reflexionsyorgange  geht  beryor^  dafi  der 
Eolk  nicbt  das  ganze  Eonkayufer  begleiten  mufi,  sondern  dafi  die  Eolke 
yerschrankte  Reihen  bilden  konneU;  wof&r  E.  Engds  Beipiele  yom  Bbein, 
Inn,  der  Donau,  Elbe  und  Weichsel  zusammengesteUt  bat').   Nach  Be- 


1)  G,  Hagen,  Handbuch  der  Wasserbaukunst,  2.  Tell,  1.  Bd.  8.  Aufl ,  Berlin 
1871,  S.  362  siebt  die  Ursache  der  Bewegung  l&ngs  einer  Fl&che  im  Beharrungs- 
vermOgen. 

2)  Bisher  unyer5ffentlicht. 

8)  Z.  f.  Bauw.  66  (1906),  Blatt  64. 
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obachtungen  von  H.Engds^)  im  Laboratorium  kann  in  solchen  Strecken 
das  wandemde  Geschiebe  von  einem  aufibiegenden  ITfer  zum  nachaten 
unterhalb  iiberschlagen. 

Zu  eingangs  gescbildertem  Vorgang  kommt  ein  zweiter  hinzu.  Wie 
J.  Boussinesq*)  und  J.  Thomson^)  ziemlich  gleichzeitig  bemerkten^  ver- 
drangen  bei  dem  t^bergang  aus  einer  Geraden  in  eine  Eurve  die  Wasser- 
teilcben  yon  der  groBeren  Fliehkraft,  also  die  schnelleren  Teilchen,  die 
ursprunglich  an  der  Oberflache  flossen^  die  langsameren,  die  in  der  Tiefe 
schlichen.  Die  ganze  Masse  gerat  also  in  Drehung,  stromt  am  EorTen- 
beginn  gegen  das  hohle  ITfer,  gleitet  bier  abwarts  und  kebrt  an  der 
Sohle  zurflck.  Auch  diese  Bewegong  fiibrt  zu  einer  Yertiefung  am  ein- 
gebuchieten  Ufer  neben  einer  Erbohung  am  ausbauchenden.  In  Eorren 
ist  also  die  Wassertiefe  ungleicbmaBig,  wodurch,  wie  bier  bemerkt  werde, 
bei  gleicber  mittlerer  Tiefe  der  Gescbiebetrieb  nacb  (330c)  wachsen 
wiirde.  Yergleicht  man  beispielsweise  den  Gescbiebetrieb  zweier  Streifen 
Yon  der  Breite  1  und  yon  der  Tiefe  h  mit  dem  zweier  anderer  yon  den 
Tiefen  h  +  Ah  und  h  —  Ah^  so  bat  man  bei  gleicbem  Gefalle  J  das 
eine  Mai 

das  andere  Mai 

'^{h  +  Ah){h  +  Ah-'\)J^'\-il,{h-Ah){h-'Ah-h^J^ 

also  um  2V'J*(AA)*  mebr.  Bei  ursprdnglicb  gleicher  mittlerer  Tiefe 
wdrde  sicb  demnach  die  Kurye  eintiefen,  also  die  Flacbe  yergrdfiem 
und  die  Gescbwindigkeit  yermindem,  bis  der  Gescbiebetrieb  auf  den  der 
geraden  Strecke  berabgesunken  ist.  Trotz  der  QuerschnittsyergroBerung 
ist  es  nicbt  gesagt,  daB  eine  Gefallsyerminderung  eintreten  muB,  denn 
dieser  wirkt  der  Umstand  entgegen,  daB  die  Bewegung  unter  sonst  glei- 
chen  Umstanden  im  Bogen  mebr  Gefalle  als  in  der  Geraden  erfordert. 
Boussinesq  geht  sogar  yon  der  Fordemng  gleichen  Gefalles  in  Bogen 
und  Geraden  aus,  um  den  Zusammenbang  zwiscben  Eintiefung  und 
Eriimmung  zu  ermitteln.  Er  hat  (s.  oben  S.  241)  bei  einer  mittleren 
Tiefe  h  in  der  Eurye  yom  Halbmesser  91 

(180)        J_-(i.  +  ..lA|)_-^-(i  +  |i,l4). 

1)  Z.  f.  Bauw.  66  (1906),  Sp.  666  nnd  60  (1900),  Sp.  368.  —  Engels  ist  der 
Ansicht,  dafi  auch  G.  Lavale  eine  t^berqnemng  des  Stromes  dnrch  die  einzeloeD 
Kioflstucke  beobachtet  habe;  die  betreffende  VerOffentlichong  ^UxiBere  natOrlichen 
WaBserl&afe'S  hrsg.  y.  J.  Bapp,  Weilheim  1888,  l&fit  das  zweifelhaft 

2)  Eaax  courantes  =»=  Paris,  Mem.  pr^s.  par  diy.  say.  28  (1877),  S.  610. 

8)  London  Roy.  8oc.  Proc.  26  (1877),  8.  6.  Siehe  auch  ff.  Girardon  8. 16  im 
6.  internationalen  Binnenschiffahrtskongrefi,  Haag  1894,  7.  Frage. 
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Betragt  in  der  Geraden  das  6ef  alle  wieder  J^  die  Fla£breite  wieder  &, 
aber  die  mittlere  Tiefe  \^  so  gilt 

woraus  sofort 
oder 

(^■>  i-vT(^-')' 

folgt^).  Diese  Gleichnng  entspreclie  den  Erhebungen  an  der  Garonne 
ebensogut  wie  die  unmittelbar  aus  letzteren  geselidpfte  Aufstellung^ 
Fargties: 

(346)  ^  «  0,03 ft«  -  0,23 A«  +  0,78*  -  0,76, 

in  der  h  die  Tiefe  bei  Niedrigwasser  bezeichnet.  DaB  die  gekriimmten 
Strecken  die  grofiere  Tiefe  besitzen,  baben  librigens  schon  vor  den  Ge- 
nannten  Legrom  und  Chaperon^)  ausgesprochen. 

FarfftAC*)  glaubte  die  Anhegerung  des  Scbotters  an  die  Konvexen 
einer  Zentripetalkraft  des  wirbebiden  Wassers  zuschreiben  zu  mUssen. 
Als  er  namlich  auf  eine  einen  runden  Wassertrog  bildenden  Drebscheibe 
Sand  Bcbtlttete,  flog  dieser  zwar  bei  geniigend  rascbem  Umlanf  der 
Scheibe  gegen  den  Rand,  rQckte  aber  bei  plotzlichem  Stillstand  gegen 
die  Scheibenmitte.  Es  ist  aber  nicbt  eine  Stromnng,  sondem  die  Ab- 
nahme  seiner  Fliebkraft,  die  jetzt  den  Sand  nach  innen  schafft^).  Da 
namlich  nunmebr  das  Wasser  schneller  umlauft,  als  der  durch  die  Rei- 
bung  an  der  feststebenden  Scheibe  aufgehaltene  Sand,  ist  die  Fliebkraft 
eines  Eornes  jetzt  geringer,  als  sie  ware,  wenn  ein  Wasserteilchen  sei- 
nen  Platz  einnehmen  wdrde.  Nun  ist  die  Wasseroberflache  parabolisch 
also  der  groBeren  Tiefe  wegen  der  Wasserdruck  auf  die  AuBenflache 
des  Eornes  groBer  als  der  auf  die  Innenflache;  daher  muB  bei  zu  ge- 
ringer eigener  Fliebkraft  das  Teilchen  nach  innen  ausweicben.  Man  kann 
sich  biervon  fiberzeugen,  indem  man  in  einem  Becberglas  Wasser  durch 
Umrfihren  in  Drehung  yersetzt  und  dann  Sand  hineinwirft.  Er  fliegt 
sofort  an  die  Wand,  gleitet  ihr  entlang  bis  zum  Boden  und  lauft  hier 
gegen  die  Mitte.  Hangt  man  ein  Sandkorn  an  einen  Faden,  so  kann 
man  sehen,  daB  es  noch  ganz  nahe  am  Boden  nach  auBen  will  und  erst, 


1)  Eaax  courantes,  S.  616. 

2)  Ann.  d.  ponts  et  chausB.  (4)  15  (1868^),  S.44. 

3)  Ebenda  (1)  1838\  S.  842f. 

4)  L.  Fargue,  La  forme  da  lit  des  liyi^res  k  fond  mobile,  Paris  1908. 
b)  Biflher  unTer5ffentlicht. 


504    XVI.  Einwirknng  des  Wassers  aaf  das  Flufibett  oder  den  Meeresgrand 

wenn  es  den  Boden  wirklich  bertlhrt,  nach  innen  wandert.  Da  nun  in 
Flufikurven  ahnliches  stattfinden  mufi,  wird  auch  hier  das  Geschiebe, 
wenn  es  roUt^  sich  der  Eonvexen  nahem^  wenn  es  frei  schwebt,  aber 
gegen  die  Konkave  streben.  0.  Fargue  hat  aus  dem  Anwachsen  der  Kon- 
yexen  gefolgert,  daB  man  die  Ufer  derart  fonnen  soil;  daB  sich  die 
gegeniiberliegenden  Eonvexufer  an  den  Wendepunkten  der  Stromachse 
dbergreifen^).  Im  entgegengesetzten  Falle  entstunden  zwei  Uferkolke 
nnd  in  der  Strommitte  eine  Bank. 

Durch  Zeichnnng  der  Schaulinie^  der  er  die  FluBlange  der  Garonne 
als  Abszisse  nnd  die  Erummung  als  Ordinaten  gab^  gelangte  0.  Fargue 
noch  zu  folgenden  Gesetzen.  Die  Tiefe  des  Fahrwassers  (der  Stromrinne, 
passe  navigable)  ist  eine  Fonktion  der  etwa  nm  die  doppdte  Breite  der 
Stromengen  (dcart)  weiter  oberhalb  bestehenden  ErQmmung  der  Flufi- 
mittellinie,  mit  der  sie  sich  im  gleichen  Sinne  andert;  einem  Wende- 
punkt  folgt  also  eipe  Untiefe  (^cart  da  maigre),  einer  Stelle  starkster 
ErQmmung  ein  Tiefpunkt  der  Sohle  (ecart  de  la  mouiUe).  Spater  schatzte  ^ 
flbrigens  Fa/rgue  in  einer  guten  Trasse  die  Yerschiebung  gleich  der  etwa 
anderthalbfachen  bis  doppelten  Strombreite  an  den  Wendepunkten  nnd 
anch  gleich  einem  Yiertel  der  Eurvenlange.  Die  stdrkste  Krummung  sei  fiir 
die  grofite  Kolktiefe  (loi  de  la  mooille),  die  mUUere  Kriimtnung  (der  Bmch 
Zentriwinkel  durch  Lange)  fur  die  miUlere  Tiefe  der  Haltung  maBgebend 
(loi  de  Tangle);  falls  die  Eurye  nicht  gar  zu  lang  oder  zn  kurz  ist;  nnd 
eine  plotzliche  Anderung  des  ErQmmungshalbmessers  mfe  jahe  Tiefen- 
anderung')  herror  (loi  de  la  continuite).  Beobachtnngen  an  der  Elbe, 
der  Loire,  dem  Waal,  der  Maas,  der  Schelde  und  einem  Yersnchsgerinne 
haben  diese  Gesetze  bestatigt^),  denen  JR.  Jasmund^)  noch  beiftigte,  daB 
bei  zunehmender  Eriimmung  das  Niedrigwasser-Gefalle  abnimmt. 

R.  Jasmund  macht  auch  aufmerksam^),  daB  die  Spiegelhebung  in 
den  Eonkaven  und  Spiegelsenknng  in  den  Eonvexen  (s.  oben  S.  9) 

1)  Ann.  d.  ponts  et  ehauss.  (6)  4  (1882*),  S.  314.  Den  ^ten  nnd  schlechten 
'Dbergang  beschieibt  J7.  Girardon,  6.  Internationaler  Binnenschiffahrtskongiefi, 
Haag  1894,  7.  Frage,  8.  41  seines  Anfsatzes. 

S)  Ann.  d.  ponts  et  chanss  (6)  4  (1882*),  8.315. 

8)  Ebenda  (7)  7  (1894 1),  S.  427;  Fargue  sagt  ebenda  1868  \  8.  49  Tiefen- 
abnahme  statt  Tiefen&nderung. 

4)  6.  Internationaler  Binnenschiffftbrtskongrefl,  Haag  1894,  J!2.JaMiittik2(Elbe), 
P.  Mengin-Lecreulx  nnd  G.  (xuiard  (Seine),  H.  Doyer  (Gelderscbe  Yssel),  B.  P.  J, 
NoUhenius  (Maas);  Fargue,  Ann.  d.  ponts  et  chanss.  (7)  7  (1894^),  S.  426  (Gennne), 
(7)  10  (1900'),  8. 106  (Schelde).  Siehe  anch  Fdrgue,  La  forme  dn  lit  des  rivieres 
k  fond  mobile,  Paris  1908. 

5)  Handb.  d.  Ingenienrwissenschaften,  8.  Wasserban,  1.  Bd.,  4.  Aufl.,  8.  222. 

6)  Ebenda  8.  289 
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die  Knryenwirkung  beeinfluBt^  indem  hierdurch  das  Gefalle  nnd  die  Ge- 
Bchwindigkeit  am  Ende  eines  konkaven  Ufers  zunimmt  und  am  Ende 
eines  konyexen  Ufers  abnimmt.  Er  fiihrt  es  hierauf  zurdck^  dafi  Ein- 
tiefuDg  and  Aufhohung  stromab  tod  den  sie  yerursachenden  Uferstellen 
aufkreten  und  daB  schroffe  ^bergange^  weil  sie  ein  Gegengefalle  zur 
Folge  haben  konnen,  selten  sind. 

In  den  Euryen  pflegt  ein  Flufi  breiter  als  an  den  Wendepunkten 
zu  sein;  an  der  Garonne  bestimmte  beispielsweise  0.  Fa/rgue^)  das 
Breitenyerhaltnis  zwischen  Wendepunkt  und  Scheitel  zu  etwa  %. 

A.  Bnmar^  bat  die  Fargue^chen  Gesetze  85  bis  90  km  nnterhalb  Graz  an 
einei  Murstrecke  gepriift,  welche  sich  dadnrch  atiszeichnet,  dafi  bis  auf  eine  Aus- 
nahme  EreisbOgen  ohne  Zwischengerade  anfeinander  folgen.  Das  Ge^Qle  betrftgt 
daselbst  0,0018,  das  Geschiebe  besteht  ans  Mauersand,  Grobsand  and  Schotter 
bis  zu  13  anf  10  anf  8  cm  Acbsenl9.nge  nnd  die  durch  Uferbanten  gesicherte 
Spiegelbreite  bei  Niederwasser  mifit  74  m.  Diese  Breite  blieb  nur  nnterhalb  der 
Wendepnnkte  bestehen,  w&hrend  sie  in  den  B<$gen  gem&fi  folgender  Tabelle  ein- 
schmmpfte,  ohne  dafi  flbrigens  die  QnerschnittflUchen  eine  ^nliche  Erscheinung 
gezeigi  h&tten.  In  der  Tabelle  bezieht  sich  die  Eolktiefe  je  anf  einen  einzigen 
Punkt  —  den  tiefsten  der  Haltnng  —  zum  Unterschiede  yon  der  flaltungstiefe, 
welche  das  Mittel  ans  den  mittleren  Querschnittstiefen  der  Bogenstrecke  zwischen 
den  Wendepnnkten  bildet.  Znr  Beurteilnng  dieser  Zahlen  diene,  dafi  die  Strom- 
xinne  in  den  Untiefen  dnrchschnittlich  bei  Niederwasser  1,1  m  Tiefe  hatte.  Die 
yon  FargtLe  behauptete  Bedentnng  der  Trasse  zeigt  sich  darin,  dafi  die  regel- 
mafiige  Bogenfolge  anch  eine  Wiederkehr  der  Breiten  nnd  Tiefen  vernrsachte; 
anch  zeigte  sich,  wie  Fargtie  verlangt,  nnr  die  Kriimmung,  nicht  aber  die  Bogen- 
l&nge  von  Einflnfi.  tTber  die  „yerschiebung*^  gibt  die  Aufnahme  Ansknnft,  indem 
sich  bei  einer  grOfiten  Breite  yon  74  m  die  Untiefen  in  etwa  Smal  74  m,  die 
Koike  in  etwa  6mal  74  m  Entfemnng  stromab  yon  den  Wendepnnkten  der  Achse 
ansbildeten.  Die  geringsten  Breiten  fielen  nahezn  in  die  Eolkquerschnitte,  welche 
znmeist  bemerkenswerte  t^bereinstimmnng  zeigten. 


r      "- 
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1)  Ann.  d.  ponts  et  chanss.  (6)  4  (1882*),  S.  814. 

2)  Bisher  nnverOffentlicht. 
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Fast  alle  sich  selbst  iibArlassenen  Flufilaufe  zeigen  Windun^en.  Jhre 
Entstehang  ist  darauf  zurQckzufiihren,  dafi  ein  FluB  in  einer  geraden 
Strecke  nicht  eine  Mittelrinne  auszutiefen,  sondem  seine  Sohle  einzu- 
ebenen  strebt.  Durch  die  schon  erwahnte  Abwartsbewegnng  am  kon- 
kaven  Ufer  yerscharfen  sich  dann  nach  J,  Thomson^)  schwache  Ein- 
bucbtuDgen  mit  der  Zeit.  E.  Faher*)  bringt  das  Schlangeln  mit  der  von 
M.  MoUer  und  jF.  P.  Steams  (s.  oben  S.  109)  bebaupteten  Bewegang  des 
Wassers  in  zwei  Spiralen  in  Zusammenhang.  22.  Jasmund^  sieht  da- 
gegen  in  den  Eurven  nur  die  Folge  eines  Bestrebens  nach  Langenent- 
wicklung.  Entspreche  das  Talgefalle  der  Bodenbeschaffenheit^  sei  also 
der  Beharrungszusfcand  erreicht^  so  schlangle  sich  der  Flnfi  nicht.  Als 
Beispiele  ftlhrt  er  die  Tanger,  die  Ohre,  die  Elbe  yon  Tangermfinde  bis 
znr  Hayel  und  die  Weichsel  unterhalb  der  Narewm^ndnng  an.  Hiemach 
ist  jedeofalls  der  gerade  Lauf  die  Ausnahme,  aber  die  Erklarung  ddrfte 
zum  geringsten  Teil  in  den  angefuhrten  Griinden^  sondem  in  dem  anf 
S.  503  begrOndeten  Anwachsen  der  Konyexen  zu  suchen  sein. 

Das  Studinm  der  Tiefenausbildung  ist  iibrigens  dem  Modellyersuch 
znganglich ;  so  erzielten  Eger,  Dix  und  R.  Seifert*)  in  der  Berliner  Ver- 
suchsanstalt  fdr  Wasserbau  und  Schiffbau  durch  Nachbildung  der  Ufer 
einer  Weserstrecke  yon  400  m  Strombreite  eine  ahnliche  Sohle  wie  die 
der  Natur^  nachdem  sie  durch  Probieren  eine  fiir  den  betreffeuden  Fall 
gUnstige  Beziehung  der  Mafistabe  ermittelt  hatten«  Eine  fiir  deren  Wahl 
giiltige  Kegel  besteht  namlich  leider  noch  nicht  ^). 

141.  Wirkung  der  Bolrnen.  Buhnen  im  Binnenlande  sind  Ein- 
bauten  in  einem  Strom,  welche  das  Ufer,  yon  dam  sie  ausgehen,  sichem, 
die  Breite  des  stromenden  Wassers  bei  niederon  Wasserstanden  einengen 
und  ein  UDgiinstiges  Schlangeln  des  Stromstriches  yerhQten  soUen.  Sie 
werden  besonders  in  den  Stromen  des  Tief  landes  und  nur  selten  in  den 
Oberlaufen  angewendet.  Das  hat  zunachst  seine  Ursache  darin,  dafi  bei 
dem  geringen  Gefalle  der  Flachlandstrome  der  Hohenunterschied  ^)  der 
Spiegel  in  deli  aufeinander  folgenden  Feldem^  also  die  ^berfallhohe 
immer  gering  bleibt,  wahrend  sie  bei  starken  Gefallen  eine  schadliche 
Grofie  erreichen  kann.   Eine  zweite  Ursache^)  liegt  in  der  Qeschiebe- 


1)  London  Roy.  Soc.  Proc.  26  (1877),  8.  6. 

2)  Deutsche  Baaztg.  31  (1897).  S.  810. 

3)  Handb.  d.  IngeniearwiBsenschaften,  3.  Wasserbau,  1.  Bd.,  4.  Aufi.,  S.  168. 

4)  Z.  f.  Bauw.  56  (1906),  Sp.  823.  6)  Ebenda  Sp.  828. 

6)  Cber  die  Stau wirkung  der  Buhnen  siehe  oben  8.  223.  Yerwandt:  Schnee- 
zfi.une,  B.  etwa  Schubert  in  Eisenbahn-Technik  der  Gegenwart,  2.  Bd.  Eisenbahn- 
bau,  1.  Abschn.  2.  Aufl.,  Wiesbaden  1906,  S.  83  f. 

7)  Bisher  uaver5ffentlicht. 
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groBe.  Wenn  der  Geschiebetrieb  in  der  betreffenden  Strecke  bei  der 
Tiefe  h^  und  der  mittleren  Gescbwindigkeit  Uq  beginnt^  so  wachst  er  bei 
zunehmender  Tiefe  h  und  Gescbwindigkeit  U  proportional  mit 

Jh{Jh-JM    Oder     TP{TP-U^^), 

Steigert  man  also  U^  anf  U^  ^Uq,  so  wachst  der  Geschiebetrieb  pro- 
portional mit 

(347)  g«(5«_l)i7o», 

also  bei  gleichem  Steigerungsverhaltnis  ^  umsomehr,  je  grofier  Uq  war, 
also  je  grober  das  Geschiebe  ist.  Die  durch  eine  Buhne  yeranlafite  Zu- 
sammendranguDg  der  Stromfaden  nnd  deren  nachteiliger  Einflufi  bei 
steigendem  Wasserstande  auf  die  regelmafiige  Sohlenausbildung  ist  also 
in  grobem  Schotter  erheblicher  als  in  feinem  Sand  und  Schlamm.  Hierzu 
kommt,  daB  das  auf  der  FluBsohle  wandemde  Geschiebe  eine  Yerschar- 
fong  der  neuen  Windungen  verursacht  und  daB  die  Sohlenforderung  mit 
der  EiesgroBe  wachst.  Diese  Nachteile  werden  ein  wenig  dadurch  aus- 
geglichen,  daB  der  Schotter  bei  abnehmender  Gescbwindigkeit  weit  rascher 
als  Sand  oder  Schlamm  zu  Boden  sinkt,  was  die  Yerlandung  der  Buhnen- 
felder  fordert.  Sehr  schadlich  fiir  die  GleichmaBigkeit  der  Sohle  ist  es, 
daB,  wo  das  stromende  Wasser  das  stehende  Wasser  der  Buhnenfelder  be- 
rdhrt,  Wirbel  mit  lotrechter  Achse  entstehen  konnen.  Da  die  Fliehkraft 
den  Druck  yermindert,  Uben  solche  Wirbel  eine  Saugwirkung  auf  die 
Sohle  aus,  aus  der  sie  Geschiebe  in  die  Hohe  zu  reiBen^)  und  —  wie 
hinzugefugt  werde  — ,  weil  es  von  groBerem  Eigengewicht  als  das  Wasser 
ist,  wieder  fortzuschleudem  yermogen. 

Angestrebt  wird  durch  geeignete  Ffihrung,  Querschnittsform  und 
Entfemung  der  Buhnen  die  angegebenen  tj^belstande  moglichst  zu  yer- 
mindern.  G.  Hagen^)  und  H.  Engels^)  haben  einschlagige  Modellyer- 
suche  angestellt  und  gefunden,  daB  die  gegen  den  Strom  laufende  oder 
yyinklinante^'  Richtung  fiir  die  Yerlandungsweise  die  giinstigste  ist,  was 
mit  der  Erfahrung  in  Einklang  steht.  Die  Hochwasseryerlandung  zeigte 
sich  ferner  im  ModeU  zunachst  um  so  kraftiger,  je  steiler  die  stromab- 
warts  liegende  Boschung  sowie  die  Eopfboschung  war.  Bei  langer  an- 
dauernden  Yersuchen^)  iibertraf  aber  die  Yerlandung  in  den  stromab 

1}  G.  Hagen,  Handbnch  d.  WasBerbaukunst,  8.  Aufl.,  2.  Tail,  2.  Bd.,  Berlin 
1871,  S.  40.  —  Vgl.  oben  S.  499. 

2)  Ebenda  2.  Teil,  1.  Bd.,  S.  397. 

8)  Z.  f.  Bauw.  64  (1904),  Sp.  449. 

4)  H.  EngdBy  Z.  f.  Bauw.  66  (1906),  Sp.  678.  Auch  nach  Yersuchen  yon 
Eger,  Bix  und  B.  Seiferi  (ebenda  Sp.  340)  bewirkt  eine  flache  Eopfheigung  ge- 
ringere  Koike  and  gleichm&fiigeie  Fahrwassertiefe. 
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gelegenen  Feldem  bei  flachen  Kopfen  jene  bei  steilen.  Auch  die  Praxis 
bevorzugt  recht  flache  Kopfboschungen^  welche  nach  Hagen  die  Eolk- 
bildung  dadurch  mildem,  dafi  die  Wirbelachsen  der  einzelnen  Schichten 
bei  ihnen  versetzt  erscheinen* 

Geringer  als  bei  den  liblichen  Buhnen  mit  trapezformigem  Qaer- 
schnitt  und  ebenem  Eticken  ist,  wie  C.  Krischan^)  an  Modellen  gezeigt 
hat^  die  Wirbelbildung^  wenn  der  Querschnitt  eine  Wellenlinie,  der 
Langenscbnitt  eine  konkave  Kurve  sis  ITmrifi  besitzt. 

Ebenso  wie  zwischen  nahegelegenen  Buhnen  eine  Verlandung  ein- 
tritty  kann  bei  Hafeneinfahrten  eine  solche  erfolgen.  H,  Engds^)  hat 
durch  Modellyersnche  gezeigt^  dafi  man  dem  wahrend  der  Anschwellungen 
durch  Einleitung  von  Sptllwasser  in  dem  Yorhafen  einigermafien  ent- 
gegenwirken  kann. 

Ein  ahnlicher  Yorgang  wie  die  Kolkbildung  an  Buhnenkopfen  ist  die 
an  Brtlckenpfeilem.  Schon  1856  hat  CJ.Minard  23  Beispiele  zusammenr 
gestellt^  bei  welchen  die  Unterwaschung  am  stromaufgekehrten  Kopfe 
stattfand  und  entgegen  der  friiher  yerbreiteten  Ansicht  der  Einsturz 
gegen  den  Strom  erfolgte.  A.  Durand-Claye^)  hat  dann  in  einem  Qe- 
rinne  yon  40  cm  Tiefe  Yersuche  angestellt,  welche  ebenfalls  die  TTnter- 
spiilung  am  Vorkopfe  lehrten.  Spater  hat  H.  Engds^)  mit  gleichem  Er- 
gebnis  Yersuche  yorgenommen  und  yon  neuen  Erfahrungsbeiflpielen 
berichtet^). 

142.  Der  Strand.  Die  yon  den  Stromen  mitgefQhrten  yerkleinerten 
GeBchiebe  bilden  —  unter  Umstanden  mit  dem  Abbruch  der  KtLsten 
oder  Muscheltrtimmern  yereinigt  —  den  Sand  des  Meeres,  wahrend  — 
wie  schon  oben  erwahnt  —  der  Abrieb  der  Steine  und  die  lehmigen 
Schwebestoffe  unter  starker  Beimengung  yon  Stoffen  pflanzlichen  oder 
tierischen  Ursprungs  als  Schlick*)  abgelagert  werden.  Dabei  ist  aber 
nicht  gesagty  dafi  die  Bedingungen^  welche  zur  Sandabli^erung  fUirten, 
heute  noch  fortbestehen  mflssen,  so  wird  z.  B.  der  Sand  der  englischen 
Ostkflste  zum  Teil  aus  skanduiayischen  Gesteinen  gebildet.   Die  Sand- 


1)  Z.  d.  6Bt.  I.  u.  A.V.  64  (1902),  S.  469. 

2)  Venuche  Hber  die  Verlandung  der  Einfahrt  des  Freudenaner  Hafena  bei 
Wien.    Z.  d,  Oat.  I.  n.  A.V.  69  (1907),  S.  182. 

3)  Ann.  d.  ponts  et  chausB.  (6)  6  (1878^),  S.  467. 

4)  Z.  f.  Bauw.  44  (1894),  Sp.  407.    Z.  d.  Ost.  L  u.  A.V.  69  (1907),  S.  866. 

6)  Auch  wenn  eine  tTberstrOmung  stattfindet,  erfolgt  ein  etwaiges  Kippea 
Btromauf :  wenigstens  wurde  dies  bei  Betonbl5cken  yon  1  m'  Inhalt  auf  einer 
Schotterbank  der  Mur  in  Wernsee  beobachtet,  als  ein  HochwasBer  die  B&nke  bis 
zu  etwa  1,6  m  H6he  fiberstrdmte. 

6)  Naheres:  0.£ri2mmeZ,Handb.d.Ozeanographiel, Stuttgart  1907,8.168,1 71  f. 
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ablagerang  selbst  wird  an  den  KUsten  von  den  Wellen  derart  bespQlt^), 
dafi  sie  als  ^^Strand^'  eine  Oberflache  ohne  scharfe  Enimmungen  erhalt. 
Die  sanften  Neigungen  und  wenig  gekrUmmten  Hohenlinien  sind  das 
Eennzeicbnende  der  Strandflachen;  im  iibrigen  konnen  sie  recht  ver- 
Bchieden  sein^  da  sie  von  dem  Umrifi  der  urspQnglichen  Ablagerung,  den 
festen  Uferpunkten,  den  Stromungeny  den  Tiden,  dem  Wellenschlag,  dem 
Winde  und  der  Korngrofie  abhangen.  Eigentumlich  ist  es^  daB  bei  Eies- 
banken  die  Oberflache  starker  gewolbt  als  bei  Sandbanken  ist;  und  dafi 
eine  Auf  bereitung  des  Eieses  in  der  Weise  stattfindet,  dafi  die  grobsten 
Eiesel  zu  oberst  kommen.  Sir  John  Coode^),  welcher  fand,  dafi  der  Qrob- 
kies  stets  auf  der  dem  Seegang  abgewendeten  Seite  liegt,  nimmt  an^  dafi 
die  freiliegenden  grofien  Stucke  leichter  als  die  eingebetteten  kleinen 
bewegt  werden').  Er  sagt  auch,  dafi  der  Eies  sich  auf  einem  Strand  an- 
sammelty  wenn  Binnenwind  blast  ^  und  dafi  er  bei  See  wind  wieder  ver- 
scbwindet.  Hierzu  bemerkt  Ph.  Forchheimer*) ,  dafi  die  erwahnten  Er- 
scheinungen  sich  ebenfalls  erklaren  lassen,  wenn  man  im  Gegensatz  zu 
Sir  John  Coode  voraussetzt^  dafi  die  grofien  Steine  weniger  als  die  kleinen 
mitgerissen  werden^  falls  man  zugleich  annimmt,  dafi  der  Wind  zwar 
an  der  Oberflache  eine  Stromung  in  seiner  Richtung^  aber  hierdurch  zu- 
gleich in  entg^engesetzter  Richtimg  in  der  Tiefe  einen  Rdcklauf  bewirke. 
Hiermit  wiirde  es  auch  im  Einklange  stehen^  dafi  der  Seewind  den  Eies- 
strand  mehr  abflacht  als  Landwind,  namlich  ersterer  nach  Coode  unter 
9-  bis  9y,facher,  letzterer  unter  Sy^-  bis  4facher  Anlage.  Die  wesentliohste 
Ursache  ist  aber  wohl^  dafi  die  Brander  mit  grofier  Eopftiefe  auf  den 
Strand  laufen  und  vor  dem  Riicklaufen  sehr  an  Tiefe  yerlieren^  wodurch 
die  grofien  Steine  stranden.  Erinnert  werde  endlich,  dafi  in  Wasserlaufen 
die  Eiesel  dem  Sand  voraneilen  und  friiher  liegen  bleiben,  und  dafi  oben 
S.  482  die  Ursachen  dieses  Yerhaltens  angegeben  sind. 

Einen  Fortschritt  in  der  Erforschung  der  Erscheinungen  am  Meere 
hat  0.  Regndds^)  angebahnt,  indem  er  gezeigt  hat,  dafi  die  Formen, 
welche  unter  dem  Einflufi  der  Tiden  entstehen,  der  Vorherbestimmung 
durch  den  Modellyersuch  zuganglich  sind.  Da  die  Wellenschnelligkeit 
(vgl.  (86  i))  bei  einer  Wassertiefe  H  in  erster  Annaherung  YgH  betragt, 


1)  Eine  8ch5ne,  ansfuhrliche  Schildemng  gibt  G.  Hagen^  Handb.  d.  Wasser- 
baakunst,  8.  Toil,  1.  Bd.,  S.  87;  2.  Bd.,  S.  121. 

2)  Min.  Proc.  Inst.  Ciy.  Eng.  12  (1863),  S.  587.    Eine  andere  Eikl&rung  rer- 
flncht  JET.  B.  Palmer,  London,  Phil.  Trans.  1  (1834),  S.  668. 

8)  Min.  Proc.  Inst.  Civ.  Eng.  12  (1858),  S.  540. 

4)  Enzyklop&die  der  mathematischen  Wissenschaften,  4.  Bd.,  3.Teilbd.,  S.471. 
6)  Brit.  Assoc.  Rep.  57.  meeting  held  at  Manchester  1887,  London  1888  »= 
O.  Reynolds,  Papers  2,  S.  888. 
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legen  die  Wellenscheitel  in  Zeitintervallen  T  Wege  T^gS  zuriick. 
Wenn  man  im  Urbild  und  Abbild 

(M8)  .^^ 

gleich  grofi  sein  laSt  und  die  Flutwellenhohe  %  proportional  H  wahlt, 
80  wiederholen  sich  also  alle  Bewegungszustande  des  Urbildes  und  deren 
Wirkungen  auf  die  Sohle  im  Abbilde.  Dabei  kann  man  T  als  Zeitinter- 
vail  zwischen  zwei  aufeinander  folgenden  HochsUagen  auf&ssen.  Die 
Richtigkeit  dieses  ^^hydrokinetisehen^^Ahnliclikeitsgesetzes  hat  Beynolds^) 
dadurcb  nachgewiesen^  daB  er  in  zwei  Versuclistrogen  mit  ahnlichen 
Einbauten  und  der  gleicben  Sandgattung  Fluten  erzeugte,  welche  in 
ihrer  Hohe  und  Periode  yoneinander  abwicben.  Jede  der  einzelnen  Fluten 
wiederholte  er  dabei  viele  Tausende  yon  Malen.  Im  Ausdiiick  (348)  er- 
scheint  der  Sohlenwiderstand  nicht;  wird  aucb  dieser  beriicksichtigty  so 
bait  Reynolds  die  Beziebung 

(348  a)  ^ ^—  =  konst., 

worin  A  und  B  durcb  den  Yersuch  zu  ermittelnde  Konstanten  sind,  fur 
die  Bedingung  ahnlichen  Yorganges  im  Urbild  und  Abbild.   Yermut- 

lich  soil  bier  A  die  Wellenyerkiirzung  und  —  AB^^  die  Schnelligkeitfih 

abnahme  zum  Ausdruck  bringen.  Das  hydrokinetische  Ahnlichkeitsgesetz 
zeigte  sich  nicht  mehr  gtiltig,  wenn  die  Periode  T  zu  groB  wurde*),  weil 
bei  so  langsamer  Beweguug  der  Sand  sich  setzte  und  schwerbew^Iich 
wurde.  Da  die  kritische  Oeschwindigkeit^  bei  welcher  Wasser,  welches 
zwischen  festen  Wanden  eingeschlossen  ist^  dem  Wandabstand  umge- 
kehrt  proportional  ist^  nahm  Beynolds  an,  daB  im  yorliegenden  Falle 

(349)  ZJkHt  -  ^ 

sei.  Zu  diesem  Ausdruck  fiQgte  er  die  Ch&gy  ache  Gleichung 

und  erwog,  daB  das  Spiegelgefalle  J  im  Abbild  mit  der  Yerzermng  e 
und  die  Fluthohe  h  mit  der  Tiefe  H  proportional  wachse^  daB  also  mit 
einer  neuen  Konstanten  aus  der  C%^8chen  Qleichung 

(349  a)  CTkrit  =  konst.  Yeh 


1)  Brit.  Assoc.  Rep.  69.  meeting  held  ad  Newcastle  1889,  London  1889 
Papers  2,  S.  394. 

2)  Papers  2,  S.  418,  414,  426. 
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hervorgehe.  Hiermit  hatte  er  durch  Yerbmdung  yon  (349)  und  (349  a) 
ftbr  den  Augenblick  des  Wechsels  in  der  Bewegungsweise 

(349b)  h^e  -  C, 

worin  das  y^Eriierion'^  C  eine  unyeranderliche  Raumgrofie  darstellt.  FUr 
den  gerade  yerlaufenden  Strand  oder  eigentlich  f&r  rechteckige  Becken 
fand  er*)  C  =  ungefahr  0,0025  m\ 

£s  zeigte  sich^),  dafi  bei  einer  Flutbohe  (Hohentinterschied  zwi- 
schen  Hocbwasser  und  Niederwasser)  1%  bei  geradem  Strand  oder  recbt- 
eckigem  Becken  die  ersten  Tiden  dem  Sand  ein  6ef  alle  erteilen,  welches 
yom  Hocbwasser  bis  zur  Tiefe  A  unter  Niederwasser  allmablich  abnimmt 
und  dafi  die  folgenden  Tiden  die  Flacbe  in  parallel  zum  Ufer  laufende 
Banke  (Platen)  und  Senkungen  (Priele)  zerlegen.  Auf  Grund  des  Ahn- 
lichkeitsgesetzes  konnte  Bejfnolds  die  beobacbteten  Formen  auf  solcbe 
umrecbnen,  die  sicb  bei  einer  Periode  T  yon  44000  Sekunden  (der  Ge- 
zeitenperiode  der  Natur)  und  einer  Flutbohe  h  yon  30  FuS  =-  9,14  m 
bilden  wiirden.  Bei  einem  Versuche  mit  einer  Periode  yon  50  Sekunden 
und  einer  Flutbohe  yon  0,176  Fufi  »  5,36  cm  gab  z.  B.  das  Modell  alle 
Langen  in  SOyO^lTe  :  44000  )/30  =  1  :  11500  (oder  1  engl.  Meile  der 
Wirklichkeit  =  5,45  ZoU  im  ModeU)  aUe  HOhen  in  1 :  170  der  Wirk- 
lichkeit  wieder.  Die  Ermittlung  des  Strandquerschnitts  hat  bei  der  Un- 
regelmafiigkeit  der  Oberfiache  seine  Schwierigkeit.  Reynolds  suchte  zu 
seiner  Feststellung  den  mittleren  wagrechten  Abstand  jeder  Hohenlinie 
yon  einer  zur  durcbschnittlichen  Strandrichtung  parallelen  Geraden  auf 
und  erhielt  fUr  die  yerschiedenen  Versuche  ziemlich  tlbereinstimmende 
Querrisse.  Als  Beispiel  sei  der  folgende  angefiihrt,  bei  dem,  wie  gesagt, 
das  Niederwasser  9,14  m  unter  dem  Hocbwasser  lag: 

Tiefe  unt.  H.W.  m  0  1,71  8,46  5,18  6,87  8,67  10,18  10,99  18,71  16,48  17,13 
Entfemang       km  0    2,181  6,160  8,169  12,79  18,48  28,83  28,66  34,76  37,76  43,98 

Hieruach  mufite  bei  einer  Flutbohe  yon  9,14  m  der  Strand  zwischen 
Hocbwasser  und  Niederwasser  eineBreite  yonbeilaufig  20  km  annehmen; 
ob  dies  in  Wirklichkeit  zutreffen  wfirde,  lafit  sicb  nach  Reynolds  nicht 
priifen,  weil  alle  geraden  Ktisten  yon  solcher  Flutbewegung  Stromungen 
ausgesetzt  sind.  Bei  geringerer  Flutbohe  \  wtirde  sicb  nach  dem  Abn- 
licbkeitsgesetz  die  Strombreite  zu  20  YK  '  1^9,14  —  6,76  "j/fc^  ergeben. 
Die  yon  Reynolds  beobachtete  RiflFelung*)  der  Oberflache,  welche 
Hdbenunterscbiede  bis  zu  etwa  ^Ji  und  Riffelentfemungen  yon  etwa  12^ 


1)  Ebenda  S.  416,  437.  2)  Ebenda  S.  396. 

3)  Ebenda  S.  899,  489.  —  Der  Verfasser  beobachtete  in  der  Mundung  der 
Dives  (Normandie)  Riffeln,  die  bis  zu  1  m  Tiefe  aufwiesen. 
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yerursachte;  ist  eine  in  den  nach  dem  Flutablauf  zurlickbleibendenPrielen 
wohlbekannte  Erscheinnng.  Auch  hier  wird  sie  durch  Wellenbewegung 
und  zwar  durch  die  gewohnlichen  Meereswogen  erzeugt.  Nach  Mrs.  H, 
AyrUms^)  Trogversuchen  sammelt  sich der  Sand  unter  den  Stellen  groBter 
wagrechter  (kleinster  lotrechter)  Schwingung  stehender  Wellen.  Nach 
dem  Ahnlichkeitsgesetz  mtlfiten  nun  die  Flutwellen  im  Laufe  der  Zeit 
Riffebi  erzeugen^  die  bis  zu  y^  der  Fluthohe  haben  sollten,  und  in  der 
Tat  lassen  sich  manche  sonst  kaum  erklarliche  Bildungen  als  solche 
auffassen.  DaB  sie  nicht  noch  haufiger  yorkomraen^  diirfte  seine  Ursache 
in  den  Schwankungen  des  Wasserstandes  mit  Windrichtung  and  -starke, 
der  UnregelmaBigkeit  der  Uferlinien  und  den  Stromungen  haben,  wie  ja 
auch  in  den  Prielen  bei  dem  Ablauf  des  Wassers  zahlreiche  RifiPelungen 
wieder  zerstort  werden. 

In  dreieckigen  Buchten  ist  das  Eriterion  nicht  sehr  von  dem  recht- 
eckiger  Becken  verschieden*).  Die  Sohle  wird  aber  wesentlich  anders, 
indem  sich  entweder  ein  einziges  tiefes  Fahrwasser  langs  der  Mittellinie 
ausbildet  oder  ein  solches  auf  der  einen  Seite  und  ein  zweites  kurzeres 
auf  der  anderen  Seite  entsteht. 

Neben  der  hin-  und  hergehenden  Bewegung  findet  an  fast  alien 
Eilsten  eine  Stromung  statt.  Naheliegend  ist  die  Annahme^  daB  der 
durch  die  Gezeiten  und  die  Meereswellen  bewegte  Sand  schon  einer  ge- 
ringfUgigen  Stromung  bei  seinen  Schwingungen  allmahlich  folgt  Doch 
ist  fur  den  schlieBlichen  Weg  nicht  die  Stromung  allein  maBgebend^ 
flondern  auch  die  Richtung  und  Starke  des  Seeganges  und  der  Tiden. 
Da  die  MeeresweUen  vom  Wind  erzeugt  werden,  wandem  sie  im  allge- 
meinen  in  seiner  Richtung  und  verschieben  den  Sand  langs  der  EQste 
mit  dem  Winde,  so  daB  yieUach  die  Ansicht  aufkam,  daB  auBer  der 
Stromung  nur  der  Wind*)  das  Vorriicken  des  Strandes  bestimme.  Das 
trifft  aber  nicht  zu,  da  Wellenfortschritt  und  Windrichtung  nicht  immer 
zusammenfallen  und  iiberdies  die  Flutwelle  ihren  eigenen  Weg  geht*). 

Wenn  der  wandernde  Sand  in  der  Strandlinie  eine  Ldcke  yorfindet, 
welche  nicht  durch  einen  SpGlstrom  oflFen  gehalten  wird,  ftillt  er  sie  aus. 
Hafeneinfahrten  an  Sandkiisten  sind  daher  der  Yersandung  ausgesetzt. 
Will  man  diese  yerhindern,  so  muB  man  entweder  den  Sand  aufhalten, 
■ehe  er  die  Einfahrt  erreicht,  oder  ihn  zum  Weiterwandern  yeranlassen. 

1)  Nach  einem  Vortrage  vor  der  Brit.  Assoc.  Rep.  im  47.  MeetiDg  zu  Cam- 
bridge 1904;  vgl.  Brit.  Assoc.  Rep.,  S.  676. 

2)  Beyfwlds,  Brit.  Assoc.  Rep.  1890  »  Papers  2,  S.  416,  416. 

8)  So  z.  B.  H.  L.  PaHioi,  Min.  Proc.  Inst.  Civ.  Eng.  118  (1894),  S.  47. 
4)  M.  L.  Haupt,  Amer.  Soc.  Civ.  Eng.  Trans.  23  (1890),  S.  128  f.;  F.  Colling- 
wood,  ebenda  S.  142;  N.  W.  Ears,  ebenda  S.  146. 
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Eingeliend  hat  die  betreffenden  Mafinahmen  H,  Keller^)  besprochen^ 
wahrend  H,  Engds^)  einschlagige  Modellversucbe  yorgenommen  bat; 
auf  diese  beiden  sei  bier  yerwiesen. 

143.  Die  Miindung  ins  Meer.  Wabrend  im  Binnenland  die  Ein- 
engung  eines  Flusses  seine  Yertiefang  bewirkt^  ist  in  den  Mtlndungen 
yon  Stromen,  die  sicb  in  Meere  mit  starker  Flut  ergiefien^  das  Entgegen- 
gesetzte  der  Fall.  Fur  die  Ansbildung  der  Tiefe  solcber  Mtlndungen  ist 
es  namlicb;  wie  J.  DcUmann^  erkannt  bat^  am  wicbtigsten,  dafi  das  Flut- 
wasser  moglicbst  ungebindert  stromauf  laufe,  sicb  also  yiel  Wasser  an- 
sammle^  welcbes  wabrend  der  Ebbestromung  wieder  stromab  flieSt  und 
die  Soble  ausscbeuert.  Diese  Anscbauungen  wurden  insbesondere  yon 
L.  Franzius^)  in  den  Jabren  1887  bis  etwa  1894  durcb  Regelung  der 
Unterweser  zwiscben  Bremen  und  Bremerbayen  in  die  Tat  iibersetzt^ 
wobei  er  alle  scbarfen  Eriimmungen;  Spaltungen  durcb  Inseln  oder  bobe 
Sandbanke,  UngleicbmaBigkeiten  in  den  Querscbnitten  und  zwar  sowobl 
trberbreiten  wie  Einengungen  und  endlicb  Unebenbeiten  des  Bettes  und 
der  Ufer  entfemte.  Als  besonders  nacbteilig  sab  der  Genannte  die  durcb 
grSfiere  Inseln  yerursacbten  Spaltungen  an,  nicbt  nur  wegen  der  mit 
ibnen  yerbundenen  Ausdebnung  der  reibenden  Flacbe,  sondem  aucb 
wegen  der  ungleicben  Flutscbnelligkeit  in  beiden  Armen,  die  so  weit 
gehen  kann,  daB  in  den  scbwacberen  Arm  gleicbzeitig  yon  oben  und 
yon  unten  ein  Flutstrom  eindringt.  L,  Franzius  baute  daber  die  scbwa- 
cberen Arme  an  ibren  Oberenden  ab  und  stellte  mit  stetiger,  ziemlicb 
gleichmafiiger  Yerjflngung  ein  einbeitlicbes  Weserbett  ber,  welcbes  in 
Bremerbayen  1145  m,  in  Bremen  130  m  Breite  des  Niedrigwasserspiegels 
erbieli  Beztiglicb  aller  Einzelbeiten  mu£  auf  die  angegebenen  Quellen 
yerwiesen  werden.  Hier  genilge  die  Bemerkung,  dafi  die  mittlere  Soblen- 
tiefe  in  Bremerbayen  bei  Niedrigwasser  6  m  und  bei  Hocbwasser  9,3  m 
betragt  und  die  nutzbare  Fabrtiefe  bis  Bremen  yon  3,0  m  im  Jabre  1886 
auf  5,5  m  im  Jabre  1900  stieg,  womit  die  Ricbtigkeit  der  grundlegen- 
den  Anscbauungen  bestatigt  erscbeint^). 


1)  Z.  f.  Bauw.  81  (1881),  Sp.  189,  301,  411;  82  (1882),  Sp.  19,  161  f. 

2)  Wirknng  von  Molen,  ebenda  54  (1904),  S.  466 ;  Z.  d.  Ost.  L  u.  A.Y.  69  (1907), 
S.  405.  Yenuche  tlber  die  Aofschlickaiig  der  Mfindong  des  Kaiser- Wilhehn-Ea- 
nales  bei  Bnmsbiittel,  Zentralbl.  d«  Bauverwaltang  26  (1906),  S.  201,  427.  Z.  d. 
6«i  I.  Q.  A.V.  69  (1907),  S.  406. 

8)  J.  Daimann,  Uber  Stromkorrektionen  im  Flntgebiet,  Hamburg  1866. 

4)  Handbuch  der  Ingenieurwissenschaften,  8.  Wasserbau,  8.  Abt.  Wasserbaa 
am  Meere  und  in  Strommiindungen,  8.  Anfl.,  Leipzig  1901,  8.  284  bis  271,  813 
bis  320,  882  bis  846. 

6)  Ober  andere  StrOme  siehe  ebenda  S.  871  f.;  L,  F.  VemanSareaurt,  Min. 

¥orohheimer:  Hydnulik  88 
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Einen  tieferen  Einblick  in  die  Gesetze  der  Erscheinnngen  trachtete 
0.  Beynolds^)  durch  seine  Modellversuche  zu  erlangen.  Sie  zeigten^  dafi 
sich  in  dreieckigen  symmetrischen  Buchten,  in  welche  kein  Flufi  mtlndet, 
der  Sand  fast  bis  znr  Hochwasserhohe  der  offenen  See  oder  —  weil 
die  Flat  am  Buchtende  hoher  als  in  der  See  ansteigt  —  sogar  fiber 
Hochwasserfaohe  ablagert.  SchlieBt  man  aber  an  eine  solche  Bucbty  deren 
Seiten  einen  Winkel  von  etwa  18®  miteinander  einschlieBen,  ein  FluB- 
bett  Yon  der  Lange 

I  ^  25000  Yh 

an,  worin  h  die  Fluthohe  bezeichnet  und  I  sowie  A  in  m  zu  messen  sind, 
so  tiefen  sich  der  Flufi  und  das  Mundungsdreieck  derart  aus,  dafi  die 
Flut  bis  ans  Binnenende  des  Bettes  gelangt  Die  Sohle  f  allt  dabei  yom 
Binnenende  zur  Dreieckspitze  und  liegt  hier  etwa  in  Mittelwasserhohe. 
Mit  I  wachst  die  Austiefung  rasch,  so  dafi  fQr 

i^sboooyh 

mehr  aLsi  die  halbe  Flufilange  unter  Niedrigwasser  zu  liegen  kommt  und 
die  Tiefe  an  der  Bucbtspitze  noch  bei  Niedrigwasser  grofier  als  h  ist« 

An  die  Versuche  mit  stets  gleicher  Fluthohe  schlofi  Beynolds,  weil 
in  der  Natur  die  Tiden  zwischen  Nipp-  und  Springtiden  schwanken, 
solche  mit  einer  Fluthohe  an,  deren  Grofie  Tom  einfachen  bis  zum  zwei- 
einhalbfachen  wechselte.  Es  zeigte  sich'),  dafi  die  endgiiltige  Sohlenform 
nur  den  Springtiden  und  keineswegs  den  Tiden  mittlerer  Hohe  entspricht. 
Auch  die  G^tigkeitsgrenze  des  Ahnlichkeitsgesetzes  hangt  nur  von  den 
Springtiden  ab.  Wesentlich  geandert,  namlich  yermindert,  ist  nur  die 
Raschheit,  mit  der  die  Sohlenmodellierung  yor  sich  geht. 

Bei  den  symmetrisch  begrenzten  Miindungen  zeigte  sich  im  Modell 
die  Tiefe  gleichformiger,  als  man  sie  in  der  Wirklichkeit  beobachtet  hat 
Diese  Gleichformigkeit  horte  aber  auf,  wenn  unsymmetrische  Formen 
gewahlt  wurden').  Bei  letzteren  wirkt  femer  der  ungleiche  Wasserabflufi 
ausraumend,  indem  er  durch  den  Angriff  auf  die  Eonkaven  die  Yer- 
tiefung  der  Rinne  befordert.  Dafi  femer  bei  sehr  unregelmafiigem  Grund- 
rifi  die  Yerschiedenheit  der  Flut-  und  Ebbestromung  die  Bildung  yon 
Riffeln  sehr  einschrankt,  welche  nur  dort  bestehen  kdnnen,  wo  keine 
Querstromungen  stattfinden,  ist  schon  oben  gesagt  worden.  Desgleichen 
ist  es  klar,  dafi  fiir  unregelmafiigen  Grundrifi  das  Ahnlichkeitsgesetz  gilt, 

Proo.  Inst.  Civ.  Eng.  118  (1894),  S.  If.;  H.  L.  Fartiat,  ebenda  S.  47 f..  BOwie  die 
den  genannten  YortiSgen  folgende  DiskuBsion. 

1)  Papers  2,  S.  484. 

2)  Ebenda  S.  487. 
8)   Ebenda  S.  489. 
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80  dafi  Nachbildungen  der  Mundungen  des  Mersey^)  und  der  Seine') 
mit  der  geeigneten  Flutholie  ahnliche  SofalenbilduDgen  wie  ihre  Yor- 
bilder  in  der  Wirklichkeit  aufwiesen.  An  solchen  Modellen  kann  man 
die  Wirkung  Ton  Banwerken  priifen,  ehe  man  zur  AusfCQirang  schreitet. 
Der  weitere  Fortschritt  ware,  die  Bildungsgesetze  au&ufinden,  denen 
diese  Wirkung  gehorcht.  Die  natdrliche  Form  der  Miindungen  soil 
Ubrigens  nach  W.  H,  Wheeler  dem  Gesetze^) 

(350)  y-Ci^i-* 

folgen,  worin  y  die  Breite  bei  mittlerem  Niedrigwasser  und  x  den  Ab- 

stand  Yom  offenen  Meer  bedeutet. 

Bisber  war  nur  von  der  Forderung  von  Sand  und  Schlamm  durch 
die  Edstenstromung  oder  die  Flutwelle  die  Rede,  aber  nicht  yon  den 
Schwebestoffen,  die  der  Strom  selbst  bringt  und  die  scblieBlich  zu  Boden 
sinken  mdssen.  Geschieht  dies  dort,  wo  einerseits  die  aufraumende  Wir- 
kung des  Binnenwassers  infolge  des  grofien  Querscbnittes  gering  ge- 
worden  ist  und  andererseits  die  Tidestromung  noch  keine  Gewalt  erlangt 
hat,  so  entsteht  eine  dbere  Barre,  wie  sie  Z.  Fransius^)  nennt.  Hier 
liegen  die  Yerhaltnisse  einigermaBen  klar;  liegt  aber  die  Barre  nahe  an 
der  Miindung  in  die  flutende  See  oder  in  dieser  selbst,  so  mufi  sie  mehr 
oder  weniger  als  Bucbtanfullung  oder  als  Riffel  aufgefafit  werden,  deren 
Bildungsgesetze  noch  unbekannt  sind. 

In  nicht  flutenden  Meeren  breitet  sich  das  StLBwasser  bei  seinem 
Austritt  zunachst  fiber  das  Salzwasser  aus  und  fallen  die  Schwebestoffe 
daher  erst  in  der  See  nieder.  Hier  scheint,  da  auch  die  Kilstenstromung 
in  flutlosen  Meeren  aufierordentlich  langsam  zu  sein  pflegt,  der  Wellen- 
schlag  entscheidend  zu  sein.  Dessen  Wirkungsweise  erlautert  L.  Luiggi^) 
mit  Berufung  auf  D.  Parodi,  Mati  und  P.  A,  Comaglia^).  Aus  den 
Wellentheorien  gehe  hervor,  daB  auf  dem  Meeresgrunde  unter  den 
Wellenbergen  der  Oberflache  das  Wasser  gegen  die  KUste  und  unter 
den  Wellentalem  gegen  die  offene  See  schwingt.  Die  Gewalt  dieser' 
Grundsee  wachse  mit  der  Hohe  der  Oberflachenwelle,  dem  Seeraum  (fetch) 

1)  Brit.  Assoc.  Bep.  67.  meetisg  held  at  Manchester  1887,  London  1888  «- 
O,  Beynolds,  Papers  2,  S.  333. 

2)  Ir.  F,  Veman-HarcauH,  London,  Roy.  Soc.  Proo.  45  (1889),  S.  612. 

3)  W,  JS.  Wheeler,  Tidal  Bivers,  London  1893,  S.  188;  so  in  anderer  Schxeib- 
weise  nach  Ansbesserung  yon  Drackfehlem,  auf  die  W»  JET.  Wheeler  selbst  den 
Yerfasser  aufmerksam  machte. 

4)  Handb.  d.  Xngenieurwiesenschaften,  3.  Wasserbau,  3.  Abt.,  8.  Aufl.^  Leipzig 
1901,  S.  196,  224,  236. 

6)  Min.  Proc.  Inst.  Civ.  Eng.  118  (1894),  S,  110. 

6)  Ann.  d.  ponts  et  chauss.  (6)  1  (1881^),  S.  589;  Joum.  de  math.  (3)  7  (1881), 
S.  289. 
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sowie  der  Meerestiefe  nnd  konne  auch  in  groBer  Tiefe  erheblich  sein. 
Dabei  iibe  anf  einer  gegen  das  Land  steigenden  Sohle  die  anstiirmende 
Welle  eine  grofiere  Eraffc  als  die  rtlcklaufende  aus^  so  dafi  bei  flachem 
6ef  alle  Sand  bergauf  getrieben  werden  konne.  In  der  Tat  zeigt  ja  die 
erstere  Phase  das  grofiere  Spiegelgef  aUe.  Es  entstehe  dadurch  nach 
der  Ausdimcksweise  der  italienischen  Eydrotekten  eine  9,nentrale''  Linie, 
oberhalb  welcher  der  Sand  gegen  das  Ufer  and  unterhalb  welcber  der 
Sand  unter  der  Wirknng  der  Schwere  gegen  die  offene  See  wandere. 
Die  Tiefe  der  nentralen  Linie  wechsle  im  Mittelmeere  zwischen  8^  nnd 
10,2  m.  Bei  der  Hin-  nnd  Herwandernng  erfolge  zugleicb  eine  Verschie- 
bnng  des  Sandes  die  Eiiste  entlang,  oder  eine  Strandvertnfiung^)^  die 
Yon  der  Wellenrichtnng  abbange,  f&r  welch  letztere,  wie  schon  oben 
S.  365  erwahnty  meistens  wieder  die  Windrichtung  entscheidend  sei.  Mit 
der  dberwiegenden  Wirknng  der  ansteigenden  Wellenbewegnng  uber  die 
bergabgehende  erklart  Comaglia*)  das  Beharren  yon  Sandbanken  im 
Meere,  die  sonst  im  Laufe  der  Zeit  eingeebnet  werden  mnfiten. 

1)  Das  Wort  stammt  Ton  0.  Krummd,  Handb.  d.  Ozeanogiaphie,  2.  Bd., 
2.  Anfl.  1911,  S.  126.  Nach  J.Prestwich,  Min.  Proc.  Inat.  Civ.  Eng.  40  (1876),  S.  61,  78 
sollen  die  Steine  an  der  Ghesil-Bank  erst  an  das  Sndende  der  Bank,  dann  nord- 
westlich  wandem. 

2)  Ann.  d.  ponts  et  chanss.  (6)  1  (1881^),  S.  678.  Comaglia  berechnet  auch 
far  gegebenen  Seeraum  and  gegebene  L^nge,  H5he  and  Schnelligkeit  der  Wellen 
anf  offener  See  die  grQfite  Geschwindigkeit  des  Wassers  an  der  Eoste.  For  die 
Wiedergabe  sind  seine  nicht  sicherstehenden  Formeln  zu  lang.  Sie  stimmten  ihm 
filr  den  Wellenschlag  von  Oneglia. 


Bemeikung  zur  nachfolgenden  Tabelle  I.  Far  Rdhren  in  Daaer- 
betrieb  sind  (s.  oben  S.  41)  die  bei  Lang  angegebenen  Werte  von  U  and  q  xnit 
(D]  :  2>)  ^*  zn  maltiplizieren,  wobei  D^  den  dorch  Abs&tze  verringerten  Darehmesser 
bezeichnet  and  von  Fall  za  Fall  za  sch&tzen  ist. 
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Tabelle  L    StxSmtmg  durch  Bbhren  naoh  versoliiedenen  Formeln. 

,  D  =  I>urchm.lnm,  t7=Q«ichwindlgkeltin  mp.Sek.,  q  a  DurohfluB  la  Iil*ex  p. 


DmokhOheiiTerlait 
(sohrftge)  Stranglftnge 

Die  Zahlen  in  tehrdgn-  Sehri/t  Uegen  imterh^lb  dM  Qeltanggbwaichet  der  betreffwiden  PormeL 


Bek. 


D 


de 
Prony 


Weifl- 
bach 


Lang 


Darcy 


Entter 


Biel 


neue  Rohrleitnngen 


Darcy 


Euttei 


Biel 


RohrleituDgeD  im 
Danerbetriebe 


0,040 
0,060 
0,080 
0,100 
0,200 
0,400 
0,600 
0,800 
1,000 
1,200 


Z7»  0,0348 
q»:  0,0481 

17=0,0463 
q»  0,1281 

ITrsr  0,0649 
q  =0,2769 


«r  =  0,00010000  as  1 :  10000 


0,0347 ;  0,0322  0,0491 
0,0486 !  (7,(7405  0,0617 

0,0446*0,0446   0,0644 
0,1260   0,1260  0,1822 

0,0632 '  0,0661   0,0773 
0,2674 '  0,2820  0,3887 

r7»0,0634 1  0,0610   0,0664  0,0886 
q»  0,4981 

[7=0,0976 


q  =  3,0631 

U^  0,1464 
q  =  18,396 

C7=  0,1841 
q  =  62,064 

^=0,2161 
q  =  108,60 

C7=  0,2442 
q  =  191,79 

Z7=  0,2697 
q  =  304,99 


0,4790  I  0,6212 
0,0929  I  0,1081 


2,9186  i  3,3961 

0,1407  j  0,1683 
17,681 '  21,149 

0,1789!  0,2146 
60,683   60,677 

0,2118   0,2684 
106,49  I  127,87 

0,2414 '  0,2876 
189,60  226,80 

0,2684  0,3183 
303,66  I  369,99 


0,6962 

0,1323 
4,1649 

0,1926 
24,198 

0,2382 
67,361 

0,2766 
138,99 

0,3101 
243,66 

0,3404 
386,00 


0,0400 
0,0603 

0,0661 
0,1667 


0,0104 
0,0131 

0,0185 
0,0524 


0,0686   0,0276 
0,3460  I  0,1385 

0,0811   0,0371 
0,6873  0,2910 

0,1338  0,0852 
4,2044  1 2,6770 

Q,^\Ab\  0,1687 
26,963  i  21^04 

0,2192  •  0,2366 
78,936  I  66,891 

0,3349  I  0,2936 
168,34  i  147,62 

0,3846  I  0,3461 
302,08 !  271,06 

0,4300  0,3909 
486,30  442,13 


0,0347 
0,0436 

0,0466 
0,1288 

0,0647 
0,2749 

0,0627 
0,4923 

0,0936 
2,9880 

0,1362 
17,111 

0,1686 
47,631 

0,1966 
98,279 

0,2193 
172,22 

0,2407 
272,28 


0,0222 1 0,0194 
0,0279  0,0243 

0,0317  0,0300 


0,0898 

0,0407 
0,2046 

0,0492 
0,3864 


0,0847 

0,0399 
0,2006 

0,0493 
0,3871 


0,0872  1 0,0900 


2,7386 

0,1601 
18,861 

0,2034 
67,623 

0,2609 
126,11 

0,2941 
231,00 

0,3342 
377,94 


2,8262 

0,1643 
19,886 

0,2070 
68,631 

0,2631 
127,22 

0,2946 
231,39 

0,3327 
376,30 


0,040 

JJ: 

q' 

0,060 

u. 

1 

q' 

0,080 

u. 

V 

0,100  ! 

u-^ 

q' 

0,200  ' 

u. 

1 

^ 

0,400  ' 

u 

1 

q' 

0,600 

u 

q 

0,800 

u 

q 

1,000 

u 

q 

1,200 

u 

q 

.0,0679 
0,0863 

-0,0874 
0,2471 

0,1040 
0,6226 

0,1186 
0,9317 

.0,1765 

>  6,5462 

0,2689 
.  32,632 

0,3222 

:91,103 

>  0,3766 
.188,82 

:  0,4228 
:  332,03 

:  0,4663 
^626,29 


0,0661 
0,0818 

0,0833 
0,2365 

0,0991 
0,4981 

0,1133 
0,8899 

0,1711 
6,3673 

0,2670 
32,289 

0,3260 
91,906 

0,3836 
192,82 

0,4369 
342,86 

0,4836 
646,94 


0,0699 
0,0763 

0,0822 
0,2324 


0,1018 
0,6117 

0,1196 
0,9378 

0,1900 
6,9675 

0,2906 
36,618 

0,3674 
103,88 

0,4320 
217,16 

0,4887 
383,82 

0,6398 
610,60 


0,0819  I  0,0667 


=s  0,00027826  ^  1 :  8594 

0,0275 
0,0345 

0,0471 
0,1333 

0,0675 
0,3392 


0,1029 
0,1076 


0,0838 
0,0918 


0,3039   0,2696 

I 
0,1290  I  0,1145 

0,6486 ;  0,6764 
0,1479   0,1364 


1,1613 

0,2206 
6,9309 

0,3212 
40,365 

0,3974 
112,36 

0,4612 
231,84 

0,5173 
406,28 

0,6678 
642,21 


1,0630 

0,2232 
7,0134 

0,3678 
44,961 

0,4667 
131,67 

0,5586 
280,80 

0,6416 
603,89 

0,7173 
811,20 


0,0877 
0,6884 

0,1794 
5,6354 

0,3221 
40,474 

0,4337 
122,64 

0,6280 
266,39 

0,6108 
307,03 

0,6865 
776,30 


0,0679 
0,0727 

0,0760 
0,2149 

0,0912 
0,4686 

0,1046 
0,8211 

0,1660 
4,9009 

0,2271 
28,643 

0,2810 
79,454 

0,3261 
163,94 

0,3668 
287,28 

0,4015 
464,11 


0,0371 
0,0466 

0,0530 
0,1497 

0,0679 
0,3412 

0,0821 
0,6446 

0,1464 
4,6681 

0,2604 
31,463 

0,3394 
96,964 

0,4185 
210,36 

0,4906 
386,83 

0,6674 
630,43 


0,0402\ 
0,0506 

0,0591 
0,1670 

0,0763 
0,3833 

0,0922. 
0,7243 

0,1604 
6,0401 

0,2673 
38,686 

0,3647 
100,30 

0,4312 
216,74 

0,6001 
392,78 

0,5634 
637,21 
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JDru^hOhenTerluBt  ^ Dnrohm.  in  m ,  T >=  G«ioliwliidlgk«lt Inm p. 8«k. ,  q ^ Darohflufi in  Liter p  Sck 

Die  Zahlen  in  tchrdger  Schrift  liagen  tmtorhalb  das  Oeltnngiberaiohes  der  betroff«nden  FormeL 


D  = 


de 
Prony 


Weie- 
bach 


Lang 


Darcy 


Kntter 


Biel 


neue  Rohrleitungen 


DarcylEutterl   Biel 


RohrleituDgen  im 
Danerbetoiebe 


0,040 
0,060 
0,080 
0,100 
0,200 
0,400 
0,600 
0,800 
1,000 
1,200 


U'. 

q= 
q= 
q^ 
q= 
q  = 

U-- 

q* 

q= 
cr= 
q^ 
u- 
q= 

q= 


^0,1268 
:  0,1587 

:  04594 
:  0,4508 

:  0,1874 
:  0,9422 

:  0,2122 
>  1,6665 

:  0,8095 
9,7220 

0,4473 
56,208 

0,5581 
156,40 

=  0,6424 
322,91 

0,7211 
566,32 

0,7922 
895,98 


0,1208 
0,1518 

0,1538 
0,4849 

0,1823 
0,9163 

0,2078 
1,6321 

0,3112 
9,7773 

0,4633 
58,225 

0,5833 
164,91 

0,6860 
344,82 

0,7775 
610,64 

0,8609 
973,62 


=r  0,00077426  r^  1 :  1292 

0fi682 
0,0857 


0,1101 
0,1384 

0,1488 
0,4207 

0,1823 
0,9163 

0,2122 
1,6666 

0,3307 
10,390 

0,4982 
62,608 

0,6260 
176,98 

0,7381 
868,50 

0,8272 
649,70 

0,9116 
1031,0 


0,1865  0,1118 
0,1716  0,1399 


0,1798  0,1532 
0,5069  0,4331 

0,2152   0,1910 
1,0817   0,9599 

0,2466  0,2258 
1,9871   1,7732 

0,3680  0,3724 
11,561   11,699 

0,5858  I  0,5968 
67,333 !  74,999 

0,6629   0,7768 
187,43   219,64 

0,7694  0,9319 
386,74  468,41 

0,8629  { 1,0702 
677,71 ;  840,54 

0,9472   1,1965 
1071,8  1 1353,2 


0,1102 
0,3116 

0,1504 
0,7560 

0,1846 
1,4498 

0,8478 
10,925 

0,5836 : 
78,340 

0,7662  I 
:  216,64 

!  0,9203 
462,57 

1,0559 
829,80 

1,1785 
1332,9 


0,0966 
0,1213 

0,1268 
0,3584 

0,1522 
0,7649 

0,1744 
1,8510 

0,2602 
8,1751 

0,8789 
47,612 

0,4688 
132,54 

0,5440 
273,47 

0,6102 
479,21 

0,6698 
757,50 


0,0618 
0,0777 

0,0883 
0,2498 

I  0,1138 
0,5692 

0,1369 
1,0758 

0,2426 
.  7,6200 

0,4176 
52,483 

0,5661 
160,06 

0,6981 
350,89 

0,8184 
642,77 

0,9298 
1051,6 


0,0772 
0,0971 

0,1093 
0,8090 

0,1388 
0,6950 

0,1650 
1,2960 

I  0,2786 
8,7626 

0,4561 
67,314 

0,6014 
170,05 

0,7284 
866,14 

0,8430 
662,07 

0,9488 
1072,5 


0,040 
0,060 
;  0,080 
0,100 
0,200 
0,400 
0,600 
0,800 
1,000 
1,200 


lq  = 

U- 
lq  = 

;q= 

q= 
u- 
q= 

q= 

q= 
u- 
q= 
cr. 
q' 

U-. 


0,2251 
0,2829 

=  0,2808 
0,7938 

0,3277 
=  1,6475 

0,8692 
2,8995 

0,5818 
'•  16,708 

=  0,7620 
=  95,761 

0,9387 
265,42 

1,0877 
546,74 

:  1,2190 
957,40 

=  1,8376 
1512,8 


tf=  0,0021544  ^1:464 

;  0,1546'}, 
0,1942  I 


0,2218  I  0,1998 
0,2781   0,2510 


0,2278 
0,2862 

0,2991 
0,8456 

0,3590 


0,2803 !  0,2661 
0,7926  I  0,7522 

0,3311 !  0,3228 
1,6642   1,6228   1,8044 

0,3732  0,4114 
2,9309  3,2313 

0,5590  0,5711   0,6139 
17,560   17,943   19,286 


0,3765 
2,9567 


0,8255  0,8495 
102,54   106,75 


1,0344 
292,47 

1,2128 
609,62 

1,3718 
1077,0 

1,5156 
1714,1 


1,0616 
800,16 

1,2396 
623,09 

1,3965 
1096,8 

1,5369 
1698,6 


0,8938 
112,32 

1,1058 
312,66   366,38 


0,1857 
0,2833 

0,2555 
0,7225 

0,3186 
1,6012 

0,3766 
2,9579 

0,6212 
19,515 

0,9956 
125,11 

1,2958 


1,2834 
645,12 

1,4394 
1130,6 

1,5800 
1787,0 


1,5545 
781,35 

1,7852 
1402,1 

1,9958 
2257,2 


0,2336 
0,6606 

0,3051 
1,5338 

0,3704 
2,9085 

0,6366 ; 
10,998 1 

1,0235 ! 
128,62 

1,3230 ' 
374,07 

1,5761 
792,24 

1,7995 
1418,3 

2,0015 
2268,6 


0,1611 
0,2024 

0,2115 
0,5979 

0,2538 
1,2759 

0,2909 
2,2849 

0,4341 
13,687 

0,6320 
79,421 

0,7819 
221,08 

0,9075 
456,15 

1,0178 
799,37 

1,1178 
1263,6 


0,1031 
0,1296 

0,1474 
0,4166 

0,1889 
0,9495 

0,2284 
1,7987 

0,4046 
■  12,711 

'  0,6967 
87,547 

'  0,9443 
I  267,00 

1,1646 
685,33 

1,3652 

1072,2 

1,6511 
1754,2 


0,1405 
0,1761 

0,1942 
0,5492 

0,2426 
1/2193 

0,2871 
2,2662 

0,4761 
14,967 

0,7713 
96,919 

1,0130 
286,42 

1,2243 
615,40 

1,4160 
1111,3 

1,6906 
1798,8 
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DmckhOheny  erlait 


— ,  D  s  Dnxehm.  inm,  U= Oesohwindigkelt  in  m  p.  Sek.,  q  a  DurohfloB  In  LltaT  p.  Sek. 


(■chrftge)  Stranglftnge 

Die  Zahlen  In  tehrdger  Schri/t  liegen  nnterhalb  des  Oeltnngsbereiohes  der  betreffendttn  FormeL 


2>  = 


de 
Prony 


Weis- 
bach 


Lang 


Darcj  I  Entter 


Biel 


nene  Bohrleitangen 


Darcy 


Kutter 


Biel 


Rohxleitimgen  im 
Daneibetriebe 


0,060 
0,080 
0,100 
0,200 
0,400 
0,600 
0,800 
1,000 
1,200 


0,040   ^.=  0,8908 
q=0,4yi0 

Z7=«  0,4889 
q^  1,3681 

C;^=  0,6624 
q=  2,8269 

t/^=  0,6816 
q  =.4,9606 

C;^r«  0,9032 
q  =  28,376 

17=1,2874 
q  =  161,78 


eTs  0,0059948 '^1:167 


0,4008 
0,6080 

0,6046 
1,4264 


0,8680   0,8718  j  0,8097  !  0,3181 
0,4499   0,4776   0,3892  !  0,4806 


0,4703 
1,3297 

0,6667 


0,6939 
2,9863 , 2,8408 

0,6786 '  0,6499 
6,2898   6,1043 

0,9921   0,9796 
31,168  I  30,772 

1,4644 '  1,4418 


182,77  j  181,18 

C/'=l,6822   1,8161    1,7940 
q  ==447,86  i  613,21 1  607,24 

Z7=  1,8807   2,1223   2,0897 


q»  920,21 

C7= 2,0498 
q=  1609,9 

27=2,2477 
q=  2642,1 


1066,8   1060,4 

2,3947  I  2,3496 
1880,8   1846,4 

2,6423  i  2,6842 
2988,4   2922,7 


0,4989 
1,4106 


0,4262 
1,2062 


0,6988   0,6814 
3,0099  '  2,6710 

0,6863  i  0,6282 
6,3901   4,9341 


1,0240  1 1,0362 
32,170  32,663 

1,4910   1,6607 
187,36  i  208,69 


1,8446 
621,66 

2,1409 
1076,1 

2,4010 
1886,8 

2,6867 
2980,9 


2,1616 
611,16 

2,6980 
1303,4 

2,9779 
2338,9 

3,8296 
3766,3 


0,4563 
1,2874 

0,5759 
2,8948 

0,6846 
6,3766 

1,1234 
36,293 

1,7696 
221,11 

2,2681 
644,48 


0,2687 
0,3876 

0,3627 
0,9974 

0,4284 
2,1288 

0,4863 
3,8114 

0,7241 
22,748 

1,0643 
132,48 

1,3043 
368,79 


2,6712  1 1,6138 
1842,7 ';  760,90 


3,0405 
1628,3 


1,6978 
1333,4 


0,1721 
0,2162 


0,2469 
0,8108 


0,2468  0,3866 


0,6960 

0,8161 
1,6839 

0,8810 
2,9921 

0,6749 
21,203 


0,9617 

0,4171 
2,0967 

0,4918 
8,8687 

0,8068 1 
26,316' 


8,3730    1,8637 

3814,8 ;  2107,8  I  2926,2  '  3010,2 


1,1621  >  1,2971 
146,04 ,  163,00 

1,6762   1,6997 
446,88   480,68 

1,9426   2,0616 
976,89 ,  1031,2 

2,2772  2,3693 
1788,6 '  1860,8 

2,6873   2,6616 


0,040 
0,060 
0,080 


U 

q 
u 
q 
u 
q 
0,100  1;  u 

iiq 

0,200   ,  U 

q 

0,400 


0,600 
0,800 
1,000 
1,200 


q- 
u= 
q^ 
u= 
q= 
u= 
q  = 

q  = 


0,6676 
:  0,8890 

:  0,8231 
2,8278 

:  0,9642 
:  4,7963 

:  1,0697 
:  8,4014 

=  1,6228 
^47,840 

=  2,1638 
=  271,91 

=  2,6666 

=  760,86 

=  8,0703 
=  1643,3 

=  3,4867 

=  2698,4 

=  3,7669 
=  4269,1 


J^ss  09016681^1:60 


0,7163 
0,8989 

0,8978 
2,6371 

1,0626 
6,2909 

1,1912 
9,8667 

1,7422 
64,783 

2,6872 
318,83 

3,1566 
892,20 

3,6806 
1860,1 

4,1469 
3266,2 

4,6679 
5166,2 


0,6841 

0,7968 

0,8229 
2,8267 

0,9828 
4,9376 

14226 

8,8169 

1,6703 
62,474 

2,4381 
306,88 

8,0282 

864,79 

3,6148 
1766,7 

3,9472 
3100,1 ,  3146,6 

I  4,3374  I  4,3966 
4906,6  I  4972,4 


0,6838 
0,7965  I 

0,8322  j 
2,3629 

0,9989 
6,0208 

1,1448 
8,9913 

1,7082 
63,663 

2,4871 
312,63 

3,0770 
870,00 ' 

3,6712 ! 
1795,1 1 

4,0062 


0,6166 
0,6492 

0,7110 
2,0103 

0,8864 
4,4656 

1,0479 
8,2305 

1,7286 
54,802 

2,7702 
348,11 

3,6057 
1019,5 

4,3264 
2174,2 

4,9676 

3901,6 

6,6686 

6280,8 


0,6066\ 
0,7623 

0,8863 
2,3646 

1,0361 
5,2080 

1,2165 
9,5466 

1,9886 
60,900 

2,9922 
376,02 

8,8009 
1074,7 

4,4988 
2261,1 

6,1111 
4014,2 

6,6666 
6408,7 


0,4482 
0,5632 

0,6884 
1,6637 

0,7063 
3,6608 

0,8096 
6,8678 

1,2078 
37,946 

1,7686 
220,99 

2,1768 
616,18 

2,6263 
1269,3 

2,8821 
1766,8 

3,1086 
8616,0 


0,2870 ; 

0,8607 

0,4100  I 
1,1594 

0,6266 
2,6422 

0,6365 
4,9910 

1,1258 
36,869 

1,9386 
243,60 

2,6276 
742,96 

3,2402 
1628,7 

8,7987 
2983,6 

4,8160 
4881,2 


--1- 


0,4261 
0,6342 

0,5745 
1,6243 

0,7086 
8,6619 

0,8321 
6,5356 

1,3669 
42,597 

2,1744 
273,24 

2,8461 
804,48 

3,4316 
1724,9 

3,9611 
3111,0 

4,4483 
5080,9 
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Tabelle  I.   StrOmong  durch  B()hren  (Fortsetzung) 


j= 


Dmckh5henyorlu8t 


(■chrftg  )  SiMsTik    " '  "^  ~  Dnrohm.  In  m ,  <7=  OMohwindigkeit  in  m  p.  Sek.,  q  =  DarohflnB  in  Liter  p.  Sek. 


D  = 


de    !  Weis- 
Prony    bach 


Lang 


Darcy  '  Kutter  j   Biel   |  Darcy  i  Kutter '   Biel 


neae  Bohrleitungen 


Bohrleitungen  im 
Danerbe&ebe 


0,040  '  U- 

q  = 

0,060   :  U-^ 
U-- 

q  = 

U- 
iq  = 


0,080 
0,100 


0,200 


<   0,400 


q  = 
q= 

0,600  \u-- 

q= 

0,800     U'. 

q= 
q= 
q  = 


1,000 
1,200 


=  1,1298 
=  1,4197 

1,4892 
4,2106 

1,6080 
8,0827 

1,8006 
14,142 

2,5667 
80,821 

8,6260 
466,66 

4,4465 
1267,2 

5,1381 

2682,7 

6,7476 
4614,1 

■■  6,2985 
7128,4 


1,2686 
1,6879 

1,6786 
4,3616 

1,8469 
9,2885 

2,0860 
16,376 

3,0306 
95,209 

4,3890 
661,64 

5,4420 
1688,7 

6,8361 
3184,4 

7,1262 
6696,1 

7,8416 
8868,6 


<7=  0,046416  r^  1:28 

0,8618 : 1,0985 
1,0829   1,3804 


1,1116  i  1,0673 
1,3968   1,3286 


1,4269   1,3881 


4,0346 

1,6924 
8,5069 

1,9257 
15,124 

2,8354 
89,077 

4,1106 
61,664 

5,0834 
1437,3 

5,9013 
2966,3 

6,6204 
6199,6 

7,2699 
8222,1 


1,1860 

3,9248  8,3634 

1,6662  1,4786 

8,3768  7,4321 

1,9096  1,7481 

14,998  13,729 

2,8494  2,8833 

89,616  90,682 

4,1487  4,6108 

621,34  680,69 

5,1327  6,0146 

1461,2  1700,6 

5,9671  7,2161 

2994,4  3626,7 

6,6810  8,2863 

5247,2  6608,0 

7,8389  '  9,2637 

8294,6  10477 


1,4789 
4,1815 

1,8091 
9,0935 

2,1079 
16,666 

3,8001 
103,63 

5,0397 
633,31 ! 

6,3962 
1808,2 ; 

7,6465 ' 

3793,3 

I 

8,5662 
6727,1 

9,4890  { 

10782  -; 


0,7476 
0,9394 

0,9815 
2,7753 

1,1782 
5,9222 

1,3508 
10,606 

2,0148  I 
63,297 

2,9336 
368,64 

3,6294 
1026,2 

4,2123 
2117,3 

4,7242 
2947,2 

5,1859 
6866,1 


0,4788 
0,6008 

0,6840 
1,9339 

0,8768 
4,4074 

1,0600 
8,8266 

1,8780 
68,999 

3,2337 
406,86 

4,3831 
1239,3 

6,4050 
2716,9 

6,8366 
4976,7 

7,1994 
8142,4 


0,7226 
;  0,9080 

0,9716 
2,7471 

14960 
6,0067 

1,4009 
11,003 

2,2736 
71,427 

3,6877 
467,18 

4,7669 
1344,7 

6,7836 
2882,0 

6,6164 
6196,5 

7,4288 
8401,8 


0,040  '  TJ-. 

■q  = 

0,060     U- 

q  = 
u. 
q  = 

U-. 

q  = 

U- 

q= 

U-. 

q  = 
q* 
q  = 

U- 

q  = 

U- 

q  = 


0,080 
0,100 
0,200 
0,400 
0,600 
0,800 
1,000 
1,200 


1,9010 
2,3889 

2,3338 
6,5987 

2,6987 
13,666 

3,0201 
13,720 


2,2096 
2,7765 

2,7603 
7,7763 

8,2100 
16,136 

3,6170 
28,408 


4,281416,2295 
134,60  I  164,29 

6,0650 ' 
762,15 


7,5377 
947,22 


7,4838 
2001,9 

8,5875 
4316,6 

9,6040 
7643,0 

10,623 
11901 


9,3236 
2636,2 

10,836 
6446,3 

12,172 
9659,9 

18,888 
16186 


.7=  0,12915 

1,9305  1 1,7636 
2,4269  '  2,2162 

2,4658   2,3165 
6,9436   6,6470 

2,8972   2,7794 
14,663   13,971 

3,2845  3,1865 
26,796   25,019 

4,7961   4,7530 
160,64   149,32 

6,9142   6,9364 
868,86   869,64 

8,5325   8,5619 
2412,5   2420,8 

9,8936   9,9871 
4973,1   4994,9 

11,091    11,145 
8710,9   8752,9 

12,172 ',  12,234 
13766     13836 


r^  1:7,7 

1,4376  i  1,9267  ' 
1,8064   2,4199 ;! 

1,9784   2,6554'. 
5,5939    7,2252  , 

2,4664   3,10181 
12,898   16,691 1 

2,9160   8,5923 
22,902   28,214 

4,8096   6,5725 
161,10   176,07: 

7,7082   8,4614 
968,65   1068,3 


10,033 

2886,8 

12,036 
6049,7 

,  13,822 
1 10856 

I  16,468 
' 17477 


10,716 
3029,9 

12,631 
6349,0 

14,327 
11252 

15,865 
17943 


1,2471 
1,5671 

1,6373 
4,6294 

1,9653 

9,8788 

2,2526 
17,691 

3,3609 
105,69 

4,8935 
614,93 

6,0642 
1711,8 

7,0266 
3631,8 

7,8804 
4916,3 

8,6605 
8783,6 


0,7986 
1,0036 

1,1410 
3,2260 

1,4626 
7,3620 

1,7683 
18,888 

3,1827 
98,416 

5,3941 
677,84 

7,3114 
2067,3 

9,0161 
4632,0 

10,570 
8301,7 

1 2,009 
13582 


1,2191 
1,5820 

1,6341 
4,6203 

2,0065 
:  10,086 

2,8496 
18,464 

8,8045 
119,62 

6,0788 
763,88 

7,9432  - 
2245,9 

9,5787 
4812,8 

11,046 
8676,6 ; 

12,400 
14024 


Tabelle  I.   Str5mung  durch  R5hren  (Schlnfi) 
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j^  J^f]^®^*^^?*-^^",^^"*,,  D  =  Dnrohm.  inm,  l7=G«fohwindigkelt  in  mp.  Sek.,  q  =  Durchflufl  in  Liter  p.  Bek. 


(nohrilge)  Stranglftnge 


i   B^ 


de 
Pirony 


Weis- 
bach 


Lang 


Darcy ,  Eutter 


Biel 


neue  Bohrleitnngen 


Darcy  I  Eutter 


Biel 


Rohrleitungen  im 
Dauerbetriebe 


er=  0,85938 


0,040  i|  U- 

;   0,060  I  V- 
iq  = 

0,080  '  U- 

I  ^" 

0,100  ,  U- 

;  0,200   U'. 

I  ^'■ 

0,400  t  U- 

q  = 

V- 

q  = 

0,800     U- 


0,600 


q  = 


1,000     u 

I  ^' 

1,200  I  U- 

''q  = 


=  8,1874 
4,0054 

3,9096 
11,054 

4,5182 
=  22,711 

:  5,0544 
:  39,697 

=  7,1583 
=  224,89 

10,183 
1278,4 

:  12,416 
3510,5 

14,341 

7208,6 

16,087 
12595 

17,570 
19871 


3,8298 
4,8127 

4,7521 
18,486 

5,5345 
27,819 

6,2268 
48,905 

8,9632 
281,59 

12,869 
1617,2 

15,885 
4491,4 

18,486 
9266,9 

20,690 
16250 

22,781 
25708 


8,3269 
4,1807 

4,1999 
11,876 

4,9826 
24,794 


2,9419 
3,6969 

3,8625 
10,921 

4,6868 
23,805 


5,5759   5,3137 
48,793  !  41,784 


8,0852 
254,00 

11,609 
1458,8 

14,302 
4043,8 

16,568 
8828,0 

18,562 
14579 

20,864 
28081 


7,9285 
249,08 

11,544 
1450,7 

14,282 
4088,2 

16,576 
8882,1 

18,590 
14601 

20,407 
23080 


r^  1 : 2,8 

2,3979  I  8,8096 1 
3,0183  I  4,1590 

3,3002  I  4,3586 


9,3811 

4,1142 
20,680 

4,8641 
38,208 

8,0280 
252,05 

12,858 
1615,8 

16,736 
4782,0 

20,077 
10092 

28,057 
18109 


25,777 
I  29158 


12,810 

5,2601 
26,440 

6,0740 
47,705 

8,3341 
261,82 

14,170 
1780,7 

17,928 
50676 

21,118 
10613 

28,939 
18802 

26,502 
29973 


2,0802 
2,6141 

2,7312 
7,7228 

3,2784 
16,479 

3,7574 
29,510 

5,6063 
176,13 

8,1628 
1025,8 

10,099 
2855,4 

11,721 

5891,4 

18,145 
8200,9 

14,480 
16820 


1,8822 
1,6741 

1,9082 
5,8812 

2,4398 
12,264 

2,9496 
23,166 

5,2256 
164,17 

8,9979 
1130,7 

12,196 
8448,4 

16,040 
7569,8 

17,632 
18848 

20,088 
22667 


2,0474 ! 
2,5728 

2,7398 
7,7452 

8,8602 
16,890' 

3,9822 , 
30,888 

6,8582 
199,75 1 

10,151  i 
1275,6 , 

13,260 
3749,2 1 

15,979 
8081,9 

18,485 , 

14479 

20,694 1 
28404  ! 


0,040  I  U-. 

'  I 

I  q  = 
0,060  ,  U-. 

q= 

^'- 
0,100  'cr= 

q= 

0,200  I  U- 


0,080 


q  = 


0,400  !  U- 

q  = 

0,600     U 

q  = 

0,800     U- 

q= 

1,000     U-- 

1,200  'cr= 

I  q  = 


5,3887 
6,7026 

6,5380 
18,486 

7,5584 
37,968 

=  8,4478 
66,849 

=  11,957 
875,64 

16,920 
2126,2 

20,945 
5922,1 

23,939 
12038 

26,768 
21024 

29,825 
83166 


6,5885 
8,2794 

8,1587 
28,054 

9,4800 
47,652 

10,652 
83,661 

15,277 
479,94 

21,865 

2747,6 

26,945 
7618,5 

81,289 
15702 

85,028 
27511 

88,459 
43496 


J^=  1,00000  =  1:1 

6,6959   4,9073   4,0000 
7,1577    6,1667   6,0265 


7,1468 
20,204 

8,3624 
42,034 

9,4809 
74,070 

13,601 
427,29 

19,463 
2445,8 

23,947 
6770,8 

27,721 
13934 

81,202 
24008 

34,045 
38504 


6,4481 
18,217 

7,7388 
88,875 

8,8688 
69,616 

18,226 
415,49 

19,256 
2419,8 

28,824 
6786,1 

27,651 
13899 

31,010 
24866 

34,041 
38500 


5,5051 
15,565 

6,8629 
34,497 

8,1139 
68,726 

18,388 
420,44 

21,449 
2696,8 

27,917 
7898,6 

33,490 
16884 

38,462 
80208 

42,998 
48630 


6,6206 
7,0681 

7,8549 
20,795 

8,8618 
44,542 

10,215 
80,228 

16,688 
492,85 

28,692 
2977,2 

29,945 
8466,8 

85,263 
17725 

39,972 
31394 

44,245 

50040 


8,4700 
4,8605 

4,5559 

12,882 

5,4686 
27,488 

6,2676 
49,226 

9,8519 
298,80 

18,616 
1711,1 

16,846 
4768,1 

19,552 
9827,2 

21,928 
13680 

24,071 
27223 


2,2222 
2,7925 

3,1748 
8,9765 

4,0698 
20,457 

4,9203 
38,644 

8,7169 
278,85 

15,009 
1886,1 

20,845 
5752,8 

25,088 
12611 

29,412 
23100 

38,417 
87794 


3,4292 

4,3098 

I 

4,5829 
12,968 

{  6,6184 
28,241 

6,4520 
;  60,674 

10,618 
383,57 

16,948 
2129,1 

22,129 
6256,8 

26,665 
13400 

30,760 
24159 

34,628 
39060 


Tabelle  II.  Str^mung  diiroh  alte  R5hrea  naoh  KuUers  Forxnel  (34k),  S.  58. 


/= 


DraekhOhenyerluBt 


'-  ,  DrsDnzohm.  in  m,  ^sQa«nohiiittlnm*,  c  =  Ko6ffisientd.Formel  V^cy  J  —^ 
(Bohrftge)  Stranglftnge  >  '  ^  r        4 

r»6e8oh^indigkflit  in  m  p.  Sak.,  q  =  Dnrchflofimenge  in  Lit  p.  Sek.,  Q  =r  Durohflufimenge  In  m'  p.  Tag. 


0,00010000 

f^  1 :  10000 


0,00010076  0,0001804(^  O^OOOlSilO  0,00014oOS  0,0001&02S  0,0001 74 7& 


'^^  1:9112 


'>w.i:8S02  I  ^^1:7565  ,  rNJi:6898 


i:6>80     •^1:5722 


F- 
c« 

I>i 

C-- 

F- 
c- 

F: 

c- 


c  0,040      I 

0,0012566 
22,222       j 

!0,050 

0,0019635 
24,210 

0,00282741 
25,922 

(0,070 

>  0,0038485 
27,429 

1 0,080 

=  0,0050265 
28,778 

iO,090 

0,0068617 


F 
c 

2>i 

F 
c  =  80,000       'Q  = 


I- 

t 

I 

q 


:0,100 


\\U: 


D 

F=0,0078540|q  = 
c 


c- 

I>l 

F-- 

c- 

n* 

F-. 

F- 
c  = 

I>i 

F- 

C'- 

F: 

c- 

Di 

F- 
c- 

JU 

F'> 
c- 


31,119       !Q 

.0,125  !  C7= 
0,0122718' q  = 
■>  88,557         Q  ^ 

«0,150  U^ 
0,0176715  q  = 
85,620        0«. 

t0,175         (7- 

>  0,0240528  q== 
87,408        Q  = 

t0,200  U^ 

:  0,0314159 'qrr= 

38,988        Q  — 

:  0,225         U^ 

0,03976081  q 


40,394 

0,250 

0,0490874 
41,667 

0,275 

0,0593957 
42,830 

0,300 

0,0706858 
43,899 

0,825 


Q 


3: 


0,022222 
0,027931 
2,4127 

0,027068 
0,05315 
4,5919 

I 

0,081748! 

0,08976; 

7,7567  ' 

0,086285 
0,13964 
12,065 

0,040698 

0,20457 

17,675  I 

0,045000 
0,28628 
24,784 

0,049203 

0,38644 

33,388  ' 

0,059320 
0,72797 
62,897 

0,068978 

1,2189 
105,32 

0,078244 

1,8820 
162,60 

0,087169 

2,7385 
236,61 

0,096802 
:^,8091  ' 
329,11 

0,10417 
5,1133 
441,79 

0,11230 

6,6701 

576,30 

0,12022 

8,4979  I 
784,22  ' 


I) 

F=0,0829577:q  = 

\  c 


0,12794 
10,614 
44,885   10  =  917,03 


0,023280 
0,02926 
2,5276 

0,028357 
0,05568 
4,8106 

0,083259 
0,09404 
8,1250 

0,038018 
0,14629 
12,640 

0,042686 
0,21431 
18,517 

0,047143 
0,29991 
25,912 

0,051546 
0,40484 
84,978 

0,062145 
0,76263 
65,892 

0,072268 

1,2770 
110,38 

0,081969 

1,9716 
170,35 

0,091319 

2,8689 
247,87 

0,10086 
3,9905 
344,78 

0,10913 
5,3567 
462,82 

0,11765 
6,9877 
603,74 

0,12595 
8,9026 
769,18 

0,13403 
11,119 
960,70 


0,024389 
0,03066 
2,6480 

0,029707 
0,05833 
5,0396 

0,034843 
0,09852 
8,5118 

0,089823 
0,t5326 
13,241 

0,044666 
0,22452 
19,398 

0,049887 
0,31419 
27,146 

0,054000 
0,42412 
86,644 

0,065104 
0,79895 
69,029 

0,075704 

1,3378 
115,59 

0,085872 
2,0655 
178,46 

0,095668 

3,0055 
259,67 

0,10514 
4,1805 
361,20 

0,11432 
5,6118 
484,86 

0,12325 
7,3205 
632,49 

0,18194 
9,3265 
805,81 

0,14042 
11,649 
1006,4 


0,025550 
0,0H211 
•  2,7741 

0,031121 
0,06111 
I  5,2796 

0,036602 
I  0,10321' 
:  8,9171 

0,041719 
0,16055 
;  18,872 

0,046798 
0,23521 . 
20,822 

0,061789 ! 

0,32915 ' 

28,439   ' 

0,056571 
0,44431 
38,888 

0,068204 ; 
0,83699 ' 
72,816 

0,079308 

1,4015 
121,09   ' 

0,08996 1 : 
2,1638  ; 
186,95 

0,10022 

3,1486  , 
272,04 

0,11015 
4,3796 
878,40 

0,11977 
5,8790 
507,95 

0,12912 
7,6690 
662,61 

0,13823 
1  9,7706 
:  844,18 

!  0,14710 

'  12,203 

1064,4 


0,026767 
0,08364 
2,9062 

0,032603 
0,06402 
6,5810 

0,038240 
0,10812 
9,3417 

0,043706 
0,16820 
14,632 

0,049021 
0,24641 
21,290 

0,064203 
0,34482 
29,793 

0,060266 
0,46547 
40,216 

0,071462 
0,87684 
76,759 

0,083086 

1,4682 
126,85 

0,094245 

2,2669 
196,86 

0,10600 
3,2986 
284,99 

0,11539 
4,6881 
396,41 

0,12647 
6,1690 
582,13 

0,13627 
8,0342 
694,16 

0,14481 
10,236 

884,37 

0,16411 
12,784 
1104,6 


0,028041 
0,03624 
3,0445 

0,034166 
0,06706 
6,7944 

0,040061 
0,11327 
9,7865 

0,045787 
0,17621 
16,224 

0,051856 
0,26814 
22,308 

0,056784 
0,86124 
31,211 

0,062087 
0,48763 
;  42,181 

'  0,074854 
0,91860 
79,367 

,  0,087041 

1,5881 
i  132,89 

0,098732 
2,8748 
206,18 

'  0,10999 
I  8,4666 
I  298,66 

j  0,12089 

I  4,8066 

416,29 

0,18144 
6,4522 
567,47 

I  0,14171 
8,4168 
727,21 

0,16170 
I  10,728 
:  926,48 


I 


0,16145 
13,398 


1 1167,2 


6 


0,029376 
0,03692 
3,1895 

0,035782 
0,07026 
6,0703 

0,041969 
0,11866 
10,263 

0,047967 
0,18460 
15,949 

0,053801 
0,27043 
23,365 

0,059487 
0.37844 
32,697 

0,065043 
0,51085 
44,137 

0,078418 
0,96233 
83,140 

0,091185 

1.6114 
139,22 

0,10343 
2,4879 
214,95 

0,11528 
3,6201 
312,78 

0,12664 
5,0354 
435,06 

0,13770 
6,7694 
684,02 

0,14845 
8,8175 
761,88 

0,15893 
11,234 
970,60 

0,16913 
14,031 
1212,3 


Tabelle  11.   Strfimung 
1  2 


duroh  alte  R6hren  (Fortsetzung) 
8  4  5  6 


523 

7 


0,00010000  0,00010976 

'^1:10000  I  '>^l:9112 


0,00012015  0,00018210 

r^  1:8802  !  ool:7666 


0,00014608 

r^  1:6898 


0,0001592SO 

«~  1:6280 


^00017476 

'^  1:5722 


lDi 

F 
c- 

c  = 

\f-. 
I  c= 
i>i 

F- 

c- 

\F. 

i  c  = 

F- 

c- 

Dt 

F. 
c- 

Ds 

F. 
c- 

Di 

F. 

c- 

Di 

F. 

c- 

I>: 

F-- 
c- 

F= 
c  = 

I>i 
Di 

l^ 

c- 

Di 

F. 
c- 

jDm 

F- 

c- 

!>■ 

F-- 
c- 


0,850 

0,0962118 
46,804 

0,875 

0,110447 
46,661 

0,400 

0,126664 
47,464 

0,425 

0,141868 
48,228 

1 0,450 

=  0,169043 
48,936 

:0,475 

0,177205 
49,611 

0,500 

0,196360 
60,253 

•0,550 

0,237688 
51,444 

!  0,600 

0,282743 
62,629 

:0,650 

0,331831 
58,627 

tO,700 

0,384846 
64,445 

:0,750 

0,441786 
66,302 

:  0,800 

:  0,602655 
66,098 

:0,900 

0,636178 
=  67,641 

!  1,000 

=  0,786898 
=  68,824 

!  1,100 

=  0,960382 
69,973 

1,200 

1,13097 
61,014 


q  = 
Q= 

u- 

3: 

u- 
u- 

3= 

u= 

3: 

3: 

I- 

U-. 

a: 

U-. 

I- 

3; 
a: 

3: 


=  0,18649 
=  13,086 
=  1126,8 

=  0,14287 
=  16,779 
=  1363,3 

=  0,16009 
=  18,861 
:  1629,6 

:0,16719 

:  22,299 

1926,6 

:0,16414 
:  26,105 
:  2255,6 

=  0,17096 
:  30,296 
=  2617,6 

«0,17767 
:  34,885 
=  3014,1 

=  0,19076 
46,321 
8915,8 

0,20346 
67,523 
4970,0 

0,21677 
71,601 
6186,3 

0,22776 
87,663 
7673,2 

0,23946 
106,79 
9140,4 

0,26088 
126,11 
10895 

0,27294 
173,64 
15002 

0,29412 
231,00 
19968 

0,31460 
298,88 
26823 

0,83419 
377,96 
32656 


0,14194 
18,666 
1179,9 

0,14967 
16,631 
1428,2 

0,16724 
19,769 
1707,2 

0,16467 
23,361 
2018,4 

0,17196 
27,348 
2362,9 

0,17910 
31,738 
2742,2 

0,18618 
36,647 
8167,6 

0,19984 
47,479 
4102,2 

0,21318 
60,262 
6206,6 

0,22605 
76,010 
6480,9 

0,28861 
91,826 
7933,8 

0,26087 
110,83 
9575,6 

0,26282 
132,11 
11414 

0,28594 
181,91 
15717 

0,30812 
242,00 
20909 

0,32948 
313,11 
27058 

0,36010 
396,95 
34210 


0,14870 
14,307 
1286,1 

0,15680 
17,818 
1496,8 

0,16478 
20,700 
1788,6 

0,17261 
24,478 
2114,5 

0,18014 
28,650 
2476,4 

0,18763 
88,249 

2872,7 

049499 
38,287 
8308,0 

0,20986 
49,740 
4297,6 

0,22828 
68,131 
5464,6 

0,23681 
78,682 
6789,6 

0,24997 
96,199 
8311,6 

0,26281 
116,11 
10082 

0,27634 
138,40 
11958 

0,29955 
190,57 
16465 

0,82279 
253,52 
21904 

0,34616 
828,02 
28841 

0,86677 
414,81 
85839 


0,15678 
14,988 
1296,0 

0,16426 
18,142 
1667,5 

0,17267 
21,686 
1873,7 

0,18073 
25,638 
2216,1 

0,18872 
30,014 
2698,2 

0,19656 
84,882 
8009,6 

0,20428 
40,110 
8466,5 

0,21988 
62,109 
4602,2 

0,28391 
66,187 
5714,8 

0,24809 
82,828 

7112,8 

0,26187 
100,78 
8707,8 

0,27538 
121,63 
10509 

0,28846 
144,99 
12527 

0,31882 
199,64 
17249 

0,38816 
266,59 
22947 

0,36160 
843,64 
29691 

0,38423 
434,56 
87546 


0,16820 
16,702 
1866,6 

0,17209 
19,006 
1642,1 

0,18079 
22,719 
1962,9 

0,18938 
26,859 
2820,6 

0,19770 
31,444 
2716,7 

0,20692 
86,491 
3162,8 

0,21400 
42,020 
3630,5 

0,22977 
64,590 
4716,6 

0,24605 
69,286 
6986,8 

0,26990 
86,248 
7451,4 

0,27434 
106,58 
9121,9 

0,28848 
127,48 
11010 

0,80218 
151,89 
13124 

0,32876 
209,15 
18070 

0,85427 
278,24 
24040 

0,37882 
360,00 
81104 

0,40258 
465,25 
39334 


0,17097 
16,449 
1421,2 

0,18028 
19,911 
1720,3 

0,18940 
28,800 
2056,8 

0,19835 
28,188 
2431,1 

0,20712 
82,941 
2846,1 

0,21678 
88,228 
3802,9 

0,22419 
44,021 
3808,4 

0,24071 
57,189 
4941,1 

0,25672 
72,685 
6271,4 

0,27227 
90,860 
7806,2 

0,28740 
110,61 
9656,3 

0,80217 
138,49 
11634 

0,81657 
159,18 
13749 

0,34441 
219,11 
18931 

0,87113 

291,49 

26185  • 

0,39686 
377,14 
32685 

0,42170 
476,93 
41207 


0,17911 
17,282 
1488,9 

0,18886 
20,869 
1802,2 

0,19842 
24,984 
2154,8 

0,20779 
29,478 
2546,9 

0,21698 
84,509 
2981,6 

0,22600 
40,049 
8460,2 

0,23487 
46,117 
8984,5 

0,26217 
59,912 
6176,4 

0,26894 
76,042 
6570,0 

0,28524 
94,652 
8177,9 

0,30109 
115,87 
10011 

0,31656 
139,86 
12083 

0,33165 
166,70 
14403 

0,86081 
229,64 
19832 

0,88881 
805,87 
26384 

0,41575 
395,10 
34137 

0,44178 
499,64 
43169 
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Tabelle  n.   Str6mung  durch  alte  Rfihren  (Forteetzung) 


DmokhOhenTerluBt 


(sohrft^)  Stranglilnge  *  *         ^ 

Geschwindigkelt  in  m  p.  Sek.,  q  —  DorchflaBmenge  in  Lit.  p.  Sek., 


Eo«ffixlent  cL  Formel  U=cyJ  —  , 
Q  s  Darchflnfimenge  in  m*  p.  Tag. 


0,000111170  0,00021049  0,0002S101 ,0,0008&t64, 0,00027826 |0,00Ot0&S9O,OOaSS41« 

f^  1 : 5214  '  '>o  1:4751  I  "^^  1:4829     '^  1 : 8944  I  <^o l : 3594  j  '^  1 : 8275     rx^liWa* 


I  C  = 
I) 

F 

c 

J> 

F 

c 


iO,040        !  U'=0,080776  0,032241 1  0,083776  I  0,036384 

0,04446 
3,8418 


D 

F =0,001 2666,  g=  0,03867  0,04061 ;  0,04244 

\  c 


\  Q  =  3,3414      3,5005       3,6672 

[7=0,037486  0,039271  0,041141 
q=  0,07360  0,07711  0,08078 
Q  =  6,3693     I  6,6621        6,9793 

?7=  0,043967  0,046061 
0,0028274,  q=   0,12431     0,18023 
-26,922       iQ  =  10,741     ,11,262 

kO,070       Ii  r/'=0,060251  0,062644 
0,00384861  q=  0,19389    0,20260 


22,222 

0,050 

0,0019685 
24,210 

lO^oeo 


27,429 
(0,080 


3= 


16,709     '  17,604 


0,048254 
0,18648 

11,788 

0,066160 
0,21224 
18,838 


^=.0,056868  0,069046   0,061858 


JP=0,0060266{  q=  0,28381    0,29680     0,31093 
c 


\D 

F 
c 

I 

F 
c 


28,778 

a  0,090 

=  0,0068617 
=  30,000 

bO,100 

=  0,0078640 
=  81,119 


26,866 


0,043099 
0,08463 
7,3116 

0,060661 
0,14293 
12,349   > 

0,067776 
0,22286 
19,211 

0,064803 
0,32674 
28,144 


0,125 


0,0122718, 


Q  =24,478   26,648 

Cr=0,062820  0,066287  0,068396  0,071653 
q=  0,89646  0,41684!  0,43512  0,45584 
Q=  34,264  1 86,886   87,694   89,384 

(7=0,068140  0,071385  .  0,074784  ]  0,078846 
q=  0,63517  0,66066:  0,58736  {  0,61632 
Q  =  46,289   48,441   ,50,747   ,68,164 

^=0,082162  0,086064  0,090162  !  0,094465 


n 

F 
C  =  33,667       ||  0=87,105      91,252 

I>aas0,150        il  Cr=0,095627  0,10008 
JP=0,0176715 
e 


D 

F 
c 

2> 

F 
c 

n 

F 
c 

D 

\F 
c 

n 

F 

:  c 


q=   1,0082      1,0662 


q=   1,6881  '    1,7686 
0  =  146,86      152,80 


=  35,620 

sO,175  (7=0,10886    0,11362 

=0,0240628,1  q=   2,6063      2,7304 
=  87,408 


F 
c 

D 

F 
c 


—0,200 

=  0,0314159 
=  38,988 

SB  0,225 

=  0,0397608 
=  40,394 

—0,250 

=  0,0490874 
=  41,667 

—0,275 

=  0,0598957 
=  42,830 

0,800 


0=226,19  286,91 

[7=0,12072  I  0,12647 

q=   8,7925  3,9781 

0=327,67  848,27 

(7=  0,18267  0,18899 

q=   5,2752  6,6264 

0=456,78  477,48 

(7=0,14426  0,15118 

q=   7,0818  7,4185 

0=611,82  640,96 

(7=0,16552  0,16293 

q=   9,2874  9,6772 

0=798,11  836,11 

(7=0,16649  0,17442 


0,0706868Jq=  11,769  1  12,829 


=  48,899 

—0,825 

=  0,0829677 
=  44,886 


0=1016,8       1066,2 

^-=0,17719  !  0,18562 
q=  14,699  '  16,899 
0  =  1270,0       1380,6 


8 


9 


1,1066 
96,697 

0,10484 
1,8627 
160,07 

0,11892 
2,8604 
247,14 

0,18249 
4,1628 
I  869,62 

I  0,14661 
6,7896 
'  500,22 

0,16882 
7,7717 
671,48 

0,17069 
10,188 
875,92 

0,18273 
12,916 
1116,0 

0,19446 
16,182 
1893,8 

10 


1,1591 
100,15 

0,10983 
1,9409 
167,69 

0,12469 
2,9966 
.  258,91 

0,18880 
4,8604 
376,74 

0,15254 
6,0662 
624,04 

0,16686 
8,1418 
703,46 

0,17881 
10,621 
917,68 

0,19143 
13,531 
1169,1 

0,20372 
16,900 
1460,2 

11 


0,087069 
0,04668 
4,0247 

0,046162 
0,08866 
7,6598 

0,062968 
0,14978 
12,937 

0,060627 
0,28294 
20,126 

0,067889 
0,34126 
29,484 

0,076066 
0,47764 
41,269 

0,082076 
0,64462 
66,696 

0,098962 

1,2143 
104,92 

0,11606 
2,0338 
176,68 

0,13062 
3,1893 
271,24 

0,14641 
4,5681 
394,68 

0,16981 
6,3640 
648,99 

0,17876 
8,6294 
736,94 

0,18733 
11,126 
961,38 

0,20064 
14,176 
1224,8 

0,21842 
17,706 
1529,7 

12 


0,038834 
0,04880 
4,2168 

I  0,047802 
0,09288 
8,0246 

0,055480 
0,16687 
13,663 

0,068409 
0,24403 
21,084 

0,071122 
0,86760 
80,888 

0,078639 
0,60028 
48,224 

0,085988 
0,67681 
58,347 

0,10366 
1,2721 
109,90 

0,12064 
2,1301 
184,04 

0,18673 
3,2888 
284,16 

0,16288 
4,7866 
413,47 

0,16742 
6,6566 
576,13 

0,18203 
8,9366 
772,08 

i  0,19626 
1 11,656 
j  1007,1 

0,21009 
14,860 
1288,1 

•  0,22858 


0,040683 
0,05112 
4,4171 

0,049554 
0,09730 
8,4066 

0,058122 
1,16434 
'  14,199 

0,066429 
0,25565 
22,088 

i  0,074508 
0,37452 
32,358 

0,082883 
0,62410 
46,282 

0,090078 
0,70747 
61,125 


I 


18,548 
1602,5 


18 


0,10860 
1,3327 
116,15 

0,12628 
2,2316 
192,81 

0,14324 
3,4454 
297,68 

0,15958 
5,0135 
433,16 

0,17689 
6,9725 
602,61 

0,19070 
9,3611 
808,80 

0,20669 
12,211 
1065,1 

0,22009 
16,668 
1344,2 

0,23423 
19,481 
1678,9 

14 


Tabelle  II.    Str5mnng  durch  alte  R5hren  (Fortsetzting) 
8  9  10  11  12  13 


525 
14 


0,00019179, 0,00081049  0,00088101  0,00085854  0,00087886  0,000805890,00083516 


^^1:5214    «^oi:4751  I  r^l:4829  i  '^1:8944  :  rvji:8694  I  '^^1:8275 


ool:8984 


1>  I.  0,850 

F=  0,0962118 
c=>  45,804 

1>»0,375 

JP==  0,110447 
c  =  46,661 

2>«  0,400 

F=  0,125664 
c  =  47,464 

1>  ■■0,425 

F«=  0,141868 
c  =48,223 

2>»0,450 

F=  0,169048 
c  =  49,936 

1>»0,475 

i'"=0,177205 
c  =  48,611 

I>  IB  0,500 

JP=  0,196850 
c  =  60,258 

I>  IB  0,550 

-F«  0,287588 
c  »  51,444 

I>ibO,000 

F=0,282748 
c^  52,529 

1>mO,650 

F=0,831831 
c  =63,527 

2>ai0,700 

F= 0,884845 
c  =  64,445 

I>atO,750 

J''^  0,441 786 
C  =  55,802 

I>mO,800 

2^=0,502655 
c  =  56,098 

I>h0,900 

F=  0,636178 
c  =  57,541 

2> -11,000 

F=  0,785898 
C  =  58,824 

I>»  1,100 

jP= 0,960382 
.  c  =  59,973 

J>«i  1,200 

F-:  1,13097 
e  =  61,014 


Z7=  0,18764 
q=  18,063 
Q==  1659,8 

0-=  0,19786 
q=  21,858 
0  =  1888,1 

C7= 0,20786 
q=  26,121 
0=2256,8 

?;=  0,21 769 
q=  30,881 
0  =  2668,1 

17=0,22781 
q=  36,162 
0=3123,6 

[7=0,23676 
q=  41,966 
0  =  3625,0 

U'=  0,24606 
q=  48,312 
0  =  4174,2 

C7=  0,26418 
q=  62,766 
0=6422,9 

C7=  0,28175 
q=  79,662 
0  =  6882,8 

r7=  0,29882 
q=  99,159 
0  =  8567,3 

17=0,31642 
q=  121,89 
0  =  10488 

C7=0,38168 
q=  146,61 
0  =  12668 

[7=0,34744 
q=  174,64 
0  =  16089 

17=0,87799 
q=  240,47 
0=20777 

C7=  0,40732 
q=  319,91 
0=27640 

C7=  0,48655 
q=  413,92 
0=85762 

£7=0,46281 

3=  623,43 
=45224 


0,19657 
18,918 
1684,1 

0,20728 
22,898 
1978,0 

0,21776 
27,365 
2364,3 

0,22806 
32,362 
2795,2 

0,23814 
37,874 
8272,3 

0,24804 
43,958 
8797,6 

0,26777 
60,613 
4873,0 

0,27676 
66,764 
6681,1 

0,29516 
88,466 
7210,6 

0,81805 
103,88 
8975,8 

0,83044 
127,17 
10987 

0,34742 
168,49 
18261 

0,86398 
182,96 
15807 

0,39599 
251,92 
21766 

0,42671 
885,14 
28956 

0,45629 
433,62 
37465 

0,48485 
548,35 
47878 


0,20693 
19,813 
1711,9 

0,21716 
23,988 
2072,1 

0,22818 
28,668 
2476,9 

0,23891 
83,892 
2928,3 

0,24947 
39,677 
8428,1 

0,26986 
46,046 
3978,4 

0,27004 
63,028 
4581,2 

0,28994 
68,884 
5951,6 

0,30922 
87,429 
7663,9 

0,82796 
108,88 
9403,1 

0,84618 
133,22 
11511 

0,86396 
160,79 
18893 

0,38181 
191,67 
16560 

0,41485 
268,92 
22802 

0,44708 
361,10 
30386 

0,47804 
454,27 
89249 

0,50794 
574,46 
49688 


0,21674 
20,767 
1798,4 

0,22749 
25,125 
2170,8 

0,2389p 
80,088 

2694,8 

0,25028 
86,606 
3067,7 

0,26136 
41,667 
3691,8 

0,27222 
48,289 
4167,8 

0,28290 
55,548 
4799,8 

0,30874 
72,164 
6236,0 

0,32894 
91,693 
7913,6 

0,34857 
114,01 
9850,8 

0,36266 
189,57 
12059 

0,38129 
168,46 
14664 

0,89947 
200,79 
17849 

0,48460 
276,48 
23888 

0,46882 
367,82 
81779 

0,50078 
476,90 
41118 

0,58212 
601,81 
51997 


0,22601 
21,746 
1878,8 

0,23882 
26,321 
2274,2 

0,25037 
31,463 

2718,4 

0,26220 
87,197 
3213,8 

0,27880 
43,546 
8762,4 

0,28618 
60,636 
4366,8 

0,29637 
58,198 
5027,8 

0,31821 
75,601 
6631,9 

0,38937 
96,964 
8290,4 

0,36998 
119,44 
10319 

0,87993 
146,21 
12633 

0,39945 
176,47 
15247 

0,41849 
210,36 
18176 

0,45530 
289,66 
25025 

0,49062 
385,38 
83292 

0,62462 
498,66 
48076 

0,55746 
630,47 
54478 


0,23677 
22,780 
1968,2 

0,24967 
27,575 
2882,6 

0,26229 
82,961 
2847,8 

0,27469 
38,968 
8866,8 

0,28684 
45,619 
3941,5 

0,29876 
62,942 
4574,2 

0,31048 
60,963 
5267,2 

0,88336 
79,200 
6842,9 

0,35663 
100,62 
8685,2 

0,37707 
125,12 
10811 

0,39802 
163,18 
18234 

0,41847 
184,87 
16973 

0,48842 
220,87 
19040 

0,47697 
803,44 
26217 

0,51398 
403,68 

34878 

0,54960 
522,80 
45127 

0,58400 
660,49 
57066 


0,24806 
23,865 
2061,9 

0,26156 
28,888 
2495,9 

0,27478 
34,580 
2988,4 

0,28777 
40,828 
3627,1 

0,80049 
47,791 
4129,2 

0,31299 
66,468 
4792,0 

0,32627 
68,866 
5618,0 

0,34923 

82,972 
7168,7 

0,37245 
105,31 
9098,7 

0,89503 
181,08 
11326 

0,41697 
160,47 
13866 

0,43840 
198,68 
16784 

0,45929 
280,87 
19947 

0,49969 
317,89 
27465 

0,68845 
422,90 
36539 

0,57677 
547,17 
47276 

0,61181 
691,94 
59784 
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Tabelle  II.   StrOmnng  darch  alte  BOhren  (Fortsetzmig) 


DmokbOhenTerlajt 


,  D  ss  Durohm.  in  m,  F=s  Qnenclmltt  in  m*,  c  s  KoefOxient  d.  Formal 


^=ci/7|. 


(schrige)  Strangllnge 

1 6«schwlndigkeit  in  m  p.  Sek.,  q  »  DnxohfloBmonge  in  Lit  p.  Sek^  Q  =  DarchfiaAiD«nge  in  m*  p.  Tng. 


0,000M784  0,00040S70  0,00044S06  0,0004MM  O,00OMS67  0,<NMN»8ft70 

'^  1 : 2719  '^  1:8477  '>-^l:M67  ^^j  1 : 2057  I  'v^  1:1874  «~  1:1707 


a,000M881 

'>^I:1S5< 


F- 
e- 

I>i 

F. 
c- 

I>] 

F^ 
c- 

Di 

F'. 
c- 

J}t 

F. 
c  = 

F- 
c- 

I>i 

F- 
c- 

F: 

C'- 

F- 
c- 

l>i 

F. 
c- 

I>i 

c  = 

l>i 

F- 
c- 

I>i 

F. 
c  = 

F- 

c- 

JDi 

F-. 
c- 

JDi 

F-~ 


>0,040 

0,0012566 
22,222 

iO,050 

:0,001963&: 
24,210 

i0,060 

c  0,0028274  q=» 


u- 


I 


s 


26,922 

.0,070  I U 
0,0038486, q 
=  27,429        Q 

.0,080  U 

:  0,0060286  iq 

28,778      liQ 

.0,000      '  u 

0,0063617   q 
30,000        Q 

.0,100    U 

0,0078540'  q 
'31,119   !0 

.0,125    U 

:  0,0122718.  q 
88,567    Q 


i0,150 

0,0176716 
36,620 


.0,175    U-' 

:  0,0240528  q 
87,408    Q 

.0,200  I U 
0,0314169.1  q 
88,988 

.0,225 

:  0,0397608 
40,894 

.0,250 

>  0,0490874! 
41,667 

.0,275 

'0,0693957'  q 
42,880 

.0.800 

0,0706868 
43,899 

.0,825 


Q  = 

3: 

U-. 


u. 

0,0829677'  q» 
44,885   .0^ 


0,042620 

r  0,05366; 

4,6274  I 

I 

:0,061913' 

:  0,10193i 

:  8,8069  - 

0,060889 
0,17216 
14,875 

0,069692 
:  0,26782 
:  23,140 

:  0,078056 
:  0,39286 
c  88,899 

:  0,086306 
r  0,54906 
:  47,438 

0,094367 
:  0,74115 
'64,036 

'0,11877 

:  1,8962 

120,63 

'0,13229 
:  2,3878 
'201,99 

:  0,16006 
:  3,6095 
'311,86 

'0,16718 
:  6,2522 
'453,79 

0,18374 
'.   7,3066 
681,20 

'0,19978 
'  9,8068 
'847,31 

0,21538 
'  12,793 
1105,8 

0,23057 
:  16,298 
:  1408,2 

0,24588 
:  20,356 
1768,8 


0,044650 
0,05611 
4,8478 

0,054885 
0,10679 
9,2263 

0,068789 
0,18036 
15,588 

0,072906 
0,28057 
24,242 

0,081773 
0,41108 
36,513 

0,090416 
0,67520 
49,697 

0,098860 
0,77646 
67,086 

0,11919 
1,4627 
126,87 

0,13869 
2,4491 
211,61 

0,15721 
8,7813 
326,71 

0,17614 
5,5028 
475,40 

0,19249 
7,6535 
661,26 

0,20930 
10,274 
887,65 

0,22664 
13,402 
1157,9 

0,24166 
17,074 
1476,2 

0,26707 
21,326 
1842,5 


0,046776 
0,05878 
6,0786 

0,066975 
0,11187 
9,6656 

0,066826 
0,18896 
16,326 

0,076377 
0,29393 
25,896 

0,085666 
0,48061 
87,204 

0,094721 
0,60259 
52,064 

0,10857 
0,81842 
70,279 

0,12486 
1,5323 
132,39 

0,14619 
2,6658 
221,68 

0,16470 
3,9614 
342,26 

0,18348 
6,7648 
498,08 

0,20166 
8,0179 
692,76 

0,21926 
10,763 
929,92 

0,23638 
14,040 
1218,1 

0,26306 
17,887 
1546,5 

0,26981 
22,841 
1980,8 


0,049003 , 

0,06158' 

5,3204  I 

0,059688 ; 

0,11720' 

10,126   > 

0,070008 
0,19794 

17,102    ; 

0,080014 ! 
0,80798 
26,603 

0,089745 
0,45111! 
38,976 

0,099281 
I  0,63128 
I  64,548 

■  0,10850 
j  0,85216 
73,626 

0,13081 
1,6063 
138,70 

0,15211 
2,6879 
232,24 

0,17254 
4,1600 
358,56 

0,19222 
6,0387 
621,76 

0,21126 
8,8997 
725,78 


0,22970 
11,275 
974,20 

0,24764 
14,709 
1270,8 

0,26610 
18,789 
1619,1 

0,28218 
23,405 
2022,2 


0,061836 
0,06451 
5,5787 

0,062530 
0,12278 
10,608 

0,073341 
0,20737 
17,917 

0,083824 
0,32269 
27,872 

0,094019 
0,47269 
40,832 

0,10396 

0,66134 
67,140 

0,11867 

0,89272 
77,181 

0,18704 
1,6817 
145,80 

0,15985 
2,8159 
243,30 

0,18075 
4,8476 
875,63 

0,20187 
6,3268 
546,59 

0,22131 
8,7996 
760,29 

0,24064 
11,812 
1020,6 

0,25948 
16,409 
1831,8 

0,27773 
19,681 
1696,1 

0,29656 
84,519 
2118,6 


0,053781 
0,06758 
6,8891 

0,065507 
0,12862 
11,113 

0,076834 
0,21724 
18,770 

0,087815 
0,33795 
29,199 

0,098496 
0,49509 
42,776 

0,10891 

0,69288 
59,860 

0,11908 

0,93628 
80,804 

0,14366 
1,7618 
152,22 

0,16694 
2,9600 
254,88 

0,18986 
4,5546 
393,52 

0,21096 
6,6275 
572,68 

0,23185 
9,8186 
796,49 

0,25210 
12,875 

1069,2 

0,27178 
16,143 
1894,7 

0,29095 
20,566 
1776,9 

0,30964 
85,687 
2819,3 


0,056341 
0,07080 
6,1178 

0,068626 
0,13476 
11,642 

0,080492 
0,22769 
19,663 

0,091996 
0,35404 
30,589 

0,10319 

0,51867 
44,813 

0,11409 

0,72588 
62,711 

0,12475 

0,97976 
84,652 

0,15040 
1,8457 
159,47 

0,17488 
3,0905 
267,02 

0,19838 
4,7715 
412,86 

0,22100 
6,9431 
599,88 

0,24289 
9,6576 
834,41 

0,26410 
12,964 
1180,1 

0,28478 
16,911 
1461,1 

0,30480 
21,545 
1861,5 

0,82438 
26,910 
8385,0 


15 


16 


17 


18 


19 


80 


21 
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527 
21 


0,00086784,0,00040870 

«~  1:2719  i  rv-»l:2477 


0,00044806 

~l:2267 


0,00048686  0,00068867 ,0,00068570 
'^^  1:2057 


~'1:1874 


'^  1:1707 


0,00064881 

f^l:l5B6 


2>H 

I>z 

F- 
c- 

JDt 

c- 

I>j 

F. 
c- 

l>i 

F. 
c- 

F. 
c- 

I>i 

F- 
C-- 

Di 

F. 
c- 

l>i 

F 

c- 

F. 
c- 

J>i 

F-- 

€•■ 

F= 

JDbb 

F^ 

Dt 

F. 

F. 

F: 


O986O 

0,0962113 
45,804 

iO,875 

0,110447 
46,661 

0,400 

0,125664 
47,464 

1 0,425 

0,141868 
48,223 

1 0,450 

0,159048 
49,986 

:0,475 

0,177206 

48,611 

>0,500 

0,196350 
50,258 

:0,550 

0,237583 
51,444 

i0,600 

0,282748 
52,529 

!0,650 

0,331831 
53,527 

^0,700 

0,38485 
54,445 

:0,750 

0,441786 
55,302 

:0,800 

0,502655 
56,098 

i0,900 

0,636173 
57,541 

:  1,000 

0,785398 
58,824 

E  1,100 

0,950832 
69,973 

1 1,200 

'1,13097 
61,014 


L 


3: 

U- 

a: 
3: 
3: 

3: 

3: 

q= 
Q- 

5: 

q' 
0= 

3: 

3= 

IT. 

5: 

3: 

S- 

u- 
q^ 

3: 


0,26986 
:  25,001 
:  2160,1 

0,27401 
••  30,263 
=  2614,7 

0,28787 
■•   36,174 
3125,6 

0,30147 
■•   42,767 
3695,1 

•  0,31480 

.  50,067 

4326,8 

.0,82789 

:  58,104 

6020,2 

>  0,34076 
:  66,907 
:  5780,8 

.0,36586 

:  86,922 

7510,1 

0,89019 

>  110,32 
9531,9 

0,41884 
:   137,32 
11865 

0,43682 
168,11 
14525 

0,45927 
202,90 
17538 

0,48116 
:  241,86 
:  20897 

0,52348 
333,02 

28773 

0,66409 
443,04 

38278 

0,60319 
673,23 
=49627 

0,64094 

>  724,89 
•62630 


0,27223 
26,192 
2263,0 

0,28706 
31,704 
2739,3 

0,30157 
37,897 
3274,3 

0,31582 
44,804 

3871,0 

0,32979 
62,451 
4631,8 

0,84350 
60,870 
5259,2 

0,86698 
70,093 
6056,0 

0,38328 
91,061 
7867,7 

0,40877 
116,68 
9986,8 

0,43364 
143,86 
12480 

0,46762 
176,11 
16216 

0,48114 
212,56 
18366 

0,60407 
253,37 
21892 

0,64840 
348,88 
30143 

0,69096 
464,13 
40101 

0,63191 
600,62 
51885 

0,67146 
759,40 
65612 


0,28520 
27,439 
2870,7 

0,80072 
33,214 
2869,7 

0,31698 
39,701 
3430,2 

0,33086 
46,937 
4055,3 

0,34549 
54,948 
4747,6 

0,36986 
63,769 
5509,6 

0,37398 
73,431 
6344,4 

0,40153 
95,897 
8242,8 

0,42823 
121,08 
10461 

0,46419 
160,71 
13022 

0,47941 
184,50 
15941 

0,50405 
222,68 
19240 

0,52807 
266,44 
22934 

0,67462 
366,49 
31579 

0,61909 
486,23 
42010 

0,66200 
629,11 
54356 

0,70343 
795,67 
68737 


0,29878 
28,746 
2483,6 

0,31504 
34,795 
3006,3 

0,33098 
41,592 
3593,5 

0,34662 
49,172 

4248,4 

0,36195 
67,665 
4973,6 

0,37699 
66,806 
6772,0 

0,39179 
76,927 
6646,6 

0,42065 
99,940 
8634,8 

0,44862 
126,86 
10969 

0,47681 
167,89 
13642 

0,60224 
193,29 
16700 

0,62805 
233,28 
20156 

0,55322 
278,08 
24026 

0,60187 
382,90 
83082 

0,64867 
609,38 
44011 

0,69352 
669,07 
66944 

0,73693 
833,44 
72010 


0,81300 
80,114 
2601,9 

0,38004 
36,452 
3149,5 

0,34674 
43,672 
3764,6 

0,36312 
51,613 
4460,7 

0,37918 
60,306 
5210,4 

0,39494 
69,986 
6046,8 

0,41044 
80,690 
6963,0 

0,44068 
104,70 
9045,9 

0,46998 
132,89 
11481 

0,49847 
165,41 
14291 

0,62616 
202,49 
17495 

0,55319 
244,39 
21116 

0,57966 
291,32 
25170 

0,63063 
401,13 
34657 

0,67945 
633,64 
46106 

0,72654 
690,46 
69656 

0,77202 
873,13 
76438 


0,32791 
31,548 
2725,8 

0,34576 
38,188 
8299,4 

0,36326 
46,647 
3943,9 

0,38041 
63,966 
4662,7 

0,39723 
63,177 
5458,5 

0,41376 
73,319 
6334,7 

0,42999 
84,427 
7294,6 

0,46166 
109,68 
9476,7 

0,49236 
139,21 
12028 


0,62220 
173,28 
14972 


0,66121 
212,18 
18328 

0,67963 
256,03 
22121 

0,60716 
306,19 
26368 

0,66056 
420,23 
36308 

0,71180 
559,06 
48302 

0,76113 
723,33 
62496 

0,80878 
914,70 
79030 


0,34362 
33,050 
2855,6 

0,36222 
40,006 
3456,6 

0,38064 
47,820 
4131,7 

0,39862 
56,636 
4884,7 

0,41616 
66,186 
6718,4 

0,43346 
76,810 
6636,4 

0,46046 
88,447 
7641,9 

0,48366 
114,91 
9927,9 

0,51681 
145,84 
12601 

0,54707 
181,63 
16685 

0,57746 
222,28 
19201 

0,60713 
268,22 
28174 

0,68607 
319,72 
27624 

0,69201 
440,24 
88036 

0,74670 
685,67 
60602 

0,79738 
767,77 
66472 

0,84729 
968,26 
82794 
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TabelLe  U.    StrOmung  dorch  alte  R5hren  (Fortsetzung) 


—  „  — .  2>  =  Durchm.  In  m,  J'=  Qaenehnltt  in  m^,  c  = 

(schrftge)  Stranglttnge 

:  Geachwindlgkeit  in  m  p.  Sek.,  q  s  DturoliflaBinenge  in  Lit.  p.  Sek., 


Koeffisient  d.  Formel  U=eyJ  —  , 
Q  Bs  DnrohfluBmenge  in  m'  p.  Tag. 


0,00070548  0,00077490  0,00084975  0,00008260  0,0010885 

'^^IrUlS     '^i:i292     r>oi:ii77  i  r>oi:i072  I   <^l:977 


0,0011288    0,0012828 

^^^1:890   ,   '^irSll 


F- 

c- 

c  = 

1>1 

F-. 
c- 

F-. 
c  = 

^: 

C  = 
1>I 

c  = 

X)i 

F= 
c  = 

!>= 
c  = 

l>i 

c  = 

JDi 

F= 
c  = 

I 

J)i 

F- 

c- 

tl>i 

F' 


c  = 
c  = 


(0,040  I  ^= 
0,0012666  q  = 
22,222       IQ  = 

:  0,050        I  U'. 

0,0019635   q  = 
24,210         Q  = 

s0,060         U- 

=  0,0028274  q  = 
26,922       ;0  = 

«0,070         U'. 

0,0038485 
27,429 

!  0,080 

0,0050265 
=  28,778 

>0,090 

0,0063617 
30,000 

iO,100 

=  0,0078640 
31,119 

!0,125 

=  0,0122718  g 
33,557 

(0,150 

=0,0176715 
86,620 

(0,175 

>  0,0240628 
=  87,408 

!0,200 

:  0,0314159 
:  38,983 

:  0,225 

:  0,0397608 
:  40,394 

b0,250 

:  0,0490874 
41,667 

0,275 

0,0693957 
42,880 

0,800 

0,0706868 
43,899 

0,825 

0,0829577 
44,886 


5: 

U: 

a: 


a: 

3: 


:  0,059024 
=  0,07417 
:  6,4085 

:  0,071894 
:  0,14116 
^2,197 

:  0,084325 
=  0,32842 
:  20,600 

.0,096877 
:  0,37090 
^32,046 

.0,10810 
:  0,54336 
^46,947 

.0,11962 
:  0,76038 
=  65,697 

.0,13069 
.  1,0264 
:  88,682 

:  0,15756 
:  1,9336 
.167,06 

.0,18821 
3,2376 
279,73 

0,20782 
4,9987 
431,89 

0,23163 
7,2787 
628,44 

0,26446 
10,117 
874,16 

0,27668 
18,581 
1173,4 

0,29828 
=  17,716 
=  1530,7 

0,31982 
.  22,671 
:  1960,2 

.0,88988 
:  28,191 
:  2435,7 

22 


0,061835 
0,07740 
6,7136 

0,076317 
0,14789 
12,777 

0,088340 
0,24978 
21,681 

0,10097 

0,38856 
88,572 

0,11325 

0,66928 
49,182 

0,12522 

0,79658 
68,826 

0,13691 
1,0763 
92,905 

0,16606 
2,0256 
176,01 

0,19194 
8,3918 
293,06 

0,21772 
5,2867 
452,46 

0,24256 
7,6200 
668,87 

0,26657 
10,599 
916,77 

0,28986 
14,228 
1229,3 

0,31248 
18,660 
1603,6 

0,38452 
23,646 
2043,0 

0,86601 
29,684 
2661,7 

23 


0,064779 
0,08140 
7,0332 

0,078904 
0,15493 
13,386 

0,092546 
0,26167 
22,608 

0,10577 

0,40706 
35,170 

0,11864 

0,59684 
51,524 

0,18118 
0,88461 
72,102 

0,14343 
1,1265 
97,829 

0,17292 
2,1221 
183,36 

0,20108 
8,5638 

807,00 

0,22808 
6,4861 
474,00 

0,26410 
7,9828 
689,72 

0,27927 
11,104 
959,87 

0,80866 
14,906 
1287,8 

0,82736 
19,444 
1679,9 

i  0,86045 
I  24,772 
!  2140,8 

0,87296 
80,940 
2673,2 

24 


0,067868 
0,08528 
7,3682 

0,082661 
0,16230 
14,023 

0,096953 
0,27413 
23,686 

0,11081 

0,42645 
36,845 

0,12429 

0,62473 
53,977 

0,13742 

0,87425 
76,535 

0,16026 
1,1801 
101,96 

0,18116 
2,2231 
192,08 

0,21066 
3,7225 
321,62 

0,23875 
5,7478 
496,67 

0,26620 
8,8629 
722,56 

0,29256 
11,633 
1005,1 

0,81811 
16,616 
1349,2 

0,34296 
20,370 
1759,9 

0,36714 
25,961 
2242,2 

0,89072 
82,418 
2800,5 

26 


0,074480 . 

0,09369 , 

8,0866   ! 


0,071095 
0,08934 
7,7190   ! 

0,086597 1  0,090720 
0,17003   0,17813 
14,691   •  15,390 


0,10167 

0,28715 
24,812 

0,11609 

0,44675 
38,699 

0,13020 

0,65448 
56,547 

0,14397 
0,91588 
79,182 

0,16741 
1,2863 
106,82 

0,18978 
2,3290 
201,22 

0,22068 
3,8997 
336,94 

0,26082 
6,0210 
520,21 

0,27888 
8,7612 
756,96 

0,80660 
12,186 
1052,9 

0,83826 
16,869 
1418,4 

0,36928 
21,340 
1848,7 

0,88462 
27,187 
2849,0 

0,40982 
88,966 
2988,8 

26 


0,10641 

0,30086 
25,994 

0,12161 

0,46802 
40,487 

0,18640 
0,68566 
59,240 

0,15082 

0,95949 
82,900 

0,16491 
1,2962 
111,90 

0,19882 
2,4399 
210,80 

0,23119 
4,0854 
852,98 

0,26224 
6,8077 
544,98 

0,29216 
9,1788 
798,01 

0,32109 
12,767 
1108,0 

0,84918 
17,188 
1480,7 

0,87638 
22,366 
1931,6 

0,40293 
28,482 
2460,8 

0,42881 
85,578 
3078,6 

27 


0,078026 
0,09806 
8,4716 

0,095040 
0,18661 
16,123 

0,11147 

0,31518 
27,232 

0,12740 
0,49031 
42,363 

0,14290 

0,71829 
62,061 

0,15800 
1,0052 
86,847 

0,17276 
1,3569 
117,28 

0,20829 
2,5560 
220,84 

0,24220 
4,2800 
369.79 

0,27473 
6,6080 
670,93 

0,80€07 
9,6164 

830,77 

0,33638 
18,876 
1166,6 

0,86675 
17,954 
1661,2 

0,39481 
28,420 
2023,6 

0,42312 
29,838 
2678,0 

0,44923 
87,867 
8219,9 

28 
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22 

23 

24 

26 

26              27 

28 

1 

1 

0,00070548  0,00077486'0,00084976  0,00098260 

^^^1:1418     o^l:l«9»    o^l:1177     ooi:i072 

0,0010286    0,0011888 

r^l:977   '   f^lrSM 

0,0012828 

<^l:811 

0,47573 
45,771 
3954,6 

I>»  0,850 

F=0,0962113 
,  c  =  46,804 

£7=0,36988 
q=   34,624 
0=2991,6 

0,37701 
36,273 
3134,0 

0,39496 
38,000 
3283,2 

0,41377 
89,809 
3439,6 

0,43347 
41,706 
3603,3 

0,46411 
43,691 
3774,9 

1>..0,875 

'F=  0,110447 
1  e  =  46,661 

t7«0,37947 
q=  41,911 
Q  =8621,1 

0,39764 
43,907 
8793,6 

0,41647 
46,998 
3974,2 

0,48630 
48,188 
4163,4 

0,45707 
60,482 
4361,7 

0,47884 
62,886 
4669,8 

0,50164 
55,404 
4786,9 

J>»0,400 

,2^=0,126664 
'  0  =  47,464 

17=0,39866 
q=  60,097 
Q  =4328,4 

0,41764 
62,483 
4634,6 

0,43758 
64,982 
4760,4 

0,46836 
67,600 
4976,6 

0,48019 
60,342 
5213,6 

0,60306 
63,216 
5461,8 

0,62701 
66,226 
6721,9 

1>»0,425 

J?'— 0,141863 
0=48,223 

17=0,41750 
q=  69,228 
Q  =6117,3 

0,43738 
62,048 
6360,9 

0,46821 
66,002 
6616,2 

0,48002 
68,097 
6883,6 

0,50288 
71,340 
6168,8 

0,52688 
74,737 
6467,3 

0,66191 
78,296 
6764,7 

J>»0,450 

F=  0,169043 
0  =  48,936 

Cr=  0,4  3696 
q=   69,337 
0«  6990,7 

0,46672 
72,639 
6276,0 

0,47847 
76,097 
6674,8 

0,60126 
79,721 

6887,9 

0,62512 
83,617 
7216,9 

0,66012 
87,494 
7659,4 

0,57632 
91,660 
7919,4 

I>aiO,475 

2^=0,177206 
0  =  49,611 

[7—0,46409 
q=  80,467 
Q  =  6962,4 

0,47691 
84,299 

7283,4 

0,49836 
88,313 
7630,2 

0,52209 
92,618 
7993,5 

0,54695 
96,923 
8374,1 

0,67300 
101,64 
8772,9 

0,60028 
106,87 
9190,6 

J>  as  0,500 

2^=0,196360 
0  =  60,263 

CT^  0,47191 
q=   92,669 
Q  =8006,7 

0,49438 
97,071 
8386,9 

0,61792 
101,69 
8786,3 

0,64268 
106,64 
9204,6 

0,66841 
111,61 
9642,9 

0,69548 
116,92 
10102 

0,62383 
122,49 
10583 

I>«0,550 

F=  0,237683 

0  =  61,444 

C7=  0,60668 
q=   120,38 
Q=  10401 

0,63080 
126,11 
10846 

0,66608 
132,11 
11415 

0,58255 
138,41 
11958 

0,61029 
146,00 
12628 

0,63936 
161,90 
13124 

0,66980 
169,13 
13749 

I>»0,COO 

2*'=  0,282743 
0  =  62,629 

?7=  0,64037 
q=   162,79 
0  =  13201 

0,66610 
160,06 
13829 

0,69306 
167,68 
14488 

0,62129 
176,67 
15178 

0,66088 
184,03 
16900 

0,68187 
192,79 
16656 

0,71433  , 

201,97 
17460      ' 

2>«0,650 

2^=0,331831 
,  0  «  63,627 

17=0,67312 
q=   190,18 
0»  16431 

0,60041 
199,23 
17214 

0,62900 
208,72 
18033 

0,65896 
218,66 
18892 

0,69032 
229,07 
19792 

0,72819 
289,98 
20734 

0,75763  1 

261,40 
21721 

l>a>0,700 

F=  0,384846 
0  =  64,446 

(7=0,60496 
q=  232,81 
0=20116 

0,63376 
243,90 
21073 

0,66398 
266,61 
22076 

0,69565 
267,68 
23127 

0,72867 
280,42 
24229 

0,76336 
293,78 
26382 

0,79971 
307,77 
26691 

2>«i0,750 

F=  0,441786 
>  0  =  66,302 

C7=  0,63604 
q=   280,99 
0  »  24278 

0,66632 
294,37 
26434 

0,69806 
308,39 
26646 

0,73129 
323,07 
27913 

0,76611 
338,46 
29243 

0,80269 
354,67 
30636 

0,84080 
371,46 
32094 

I>kO,SOO 

F=  0,602666 
,  0  =  66,098 

£7=0,66636 
q=   334,96 
0»  28939 

0,69808 
360,89 
30317 

0,73132 
367,60 
31761 

0,76615 
386,11 
83273 

0,80268 
403,44 
34858 

0,84084 
422,66 
36517 

0,88088 
442,78 
38256 

I>kO,900 

2^—0,636173 
0  =  67,641 

£7=0,72496 
q=  461,20 
0=39848 

0,76948 
483,16 
41746 

0,79664 
606,17 
43733 

0,83363 
680,27 
45815 

0,87322 
565,62 

47997 

0,91479 
581,97 
50282 

0,95836 
609,68 
62676 

I>»  1,000 

2^=^0,786398 
0=68,824 

£7=0,78120 
q=   613,66 
0=63011 

0,81840 
642,77 
65686 

0,86787 
673,38 
68180 

0,89819 
706,44 
60950 

0,94096 
739,03 
63852 

0,98677 
774,22 
66892 

1,0327 
811,08 
70078 

I>.1,100 

2i^=  0,950332 
'  c  =  69,973 

£7=0,83634 
q=   793,86 
0  »  68689 

0,87612 
831,66 
71866 

0,91679 
871,26 
76276 

0,96044 
912,74 
78861 

1,0062 

956,22 
82616 

1,0641 

1001,7 
86549 

1,1043 

1049,4 
90671 

1>»1,200 

JP— 1,13097 
0  =  61,014 

£7=0,88768 
q=  1003,9 
0  =  86736 

0,92990 
1061,7 
90866 

0,97417 
1101,8 
96192 

1,0206 

1164,2 
99725 

1,0692 

1209,2 
104474 

1,1201 

1266,8 
109448 

1,1734 

1327,1 
114660 

Forohheimer:  Hydnalik 
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Tabelle  n.    Strdmung  durch  alte  Bdhren  (Fortsetzung) 


Dnokh5henyerlait 


jR 

(■ohj*ge)BtrangUiige' '^     -w.— ,-^--  ,.^  r^' 

U=i  Getohwindigkeit  in  m  p.  Sek.,  q  =  Durohflofimeng*  In  Lit  p.  BelL,,  Q  s  DarohfloAmenge  in  m*  p.  Tag. 


,  D  s  Dorohm.  in  m,  J^s  Quenehniit  in  m\  e  s  Koefftsient  d.  Ponnel  Ussc 


0,00185S0 


0,0014860  : 0,0010908 
^>^l:678   I  ^^1:614 


0,0017880 

ool:669 


0,0019680  0,0081644  0,0088646  0,0086060 

r>ol:609     ^^1:464     '>^l:4S8      '^^irSW 


c  = 

Di 

F. 
c- 

I>i 

F- 

P- 

^« 

c« 

F- 
e- 

F- 
e-- 

JDi 

F. 

c- 

I>i 

c« 

l>i 

F- 

I  ^- 

I 

F- 

\i\ 

F-. 
e- 

J>^ 

F' 

F'. 

I  c« 

I 

I  ^" 
Fn 

e- 


:0,040       I  {7^0,081742 
0,00126661  q«   0,10272 


^22,222 

1 0,050 

» 0,0019635 
» 24,210 

lO^oeo 

.0,0028274 
:  26,922 

■0,070 

>  0,0038485 
:  27,429 

:0,080 

» 0,0060265 
r  28,778 

:0,090 

» 0,0063617 
:  30,000 

iO,100 

>  0,0078640 

:31,119 

■0,125 

>0,0122718 
:  83,657 

e0,150 

:  0,0176716 

>  86,620 

b0,175 

.0,0240628 
:  37,408 

i0,200 

'0,0314159 
:  38,983 

kO,225 

>  0,0397608 
:  40,894 

iO,250 

:  0,0490874 
:  41,667 

■0,275 

*  0,0698967 
:  42,830 

■0,800 

>  0,0706868 
^3,899 

■0,825 

:  0,0829577 
:  44,886 


Q»  8,8750 

[7=0,099665 
q==  0,19560 
Q»  16,891 

C7«0,11678 
q^  0,83019 
Q  =  28,528 

17=.  0,13347 
q=  0,61366 
Q»=  44,380 

17=0,14970 
q»   0,75260 
Q»  65,016 

C7=  0,16563 

3=   1,0530 
=>  90,982 

0=0,18099 

3=   1,4216 
=  122,81 

r7=»  0,21820 
q=»  2,6778 
Q»231,86 

C7=  0,26873 

=   4,4837 
=  887,40 

17=0,28781 
q=  6,9226 
Q»  598,12 

C7=  0,82064 
q=  10,073 
Q  =870,32 

C7=  0,35240 
q=  14,011 
Q  =  1210,6 

17=0,38316 
q=  18,809 
Q  =  1625,1 

£7=0,41808 
q=  24.536 
Q  =2119,8 

r7=  0,44222 
q=  81,259 
Q=  2700,7 

17=0,47062 
q=  39,042 
Q  =  8878,2 


I 


0,085684  0,089712  0,093983  0,098458  0,10315  0,10806  0,11820 
0,10761  0,11273  0,11810i  0,12873;  0,12962,  0,18579  0,14226 


9,2976 

0,10431 
0,20480 
17,696 

0,12234 
0,84591 
29,887 

0,13983 
0,53811 
46,493 

0,15683 


9,7403 

0,10927 
0,21456 
18,588 

0,12817 

0,36238 
31,310 

0,14648 

0,56374 
48,707     i 

0,16430 


5 


68,111 


0,78833     0,82586 
71,190 

0,18167  ! 
1,1557 


0,17341 
1,1082 
95,316 

0,18960 
1,4892 
128,66 

0,22860 
2,8058 
242,37 

0,26581 
4,6972 
405,84 

0,30151 
7,2528 
626,60 

0,33591 
10,563 
911,77 

0,36917 
14,679 
1268,2 

0,40141 
19,704 
1702,4 

0,43276 
25,704 
2220,8 

0,46328 
82,747 
2829,8 

0,49803 
40,901 
8683,8 


99,863 

0,19868 
1,6601 
184,79 

0,23948 
2,9388 
263,92 

0,27847 
4,9209 
425,17 

0,31587 
7,5976 
656,48 

0,35190 
11,056 
966,18 

0,38676 
16,378 
1328,6 

0,42052 
20,642 
1783,5 

0,45336 
26,927 
2826,5 

0,48634 
34,806 
2964,1 

0,51661 
42,848 
8702,1 


10,204 

0,11448 

0,22477 
19,420 

0,13427 

0,37964 
32,801 

0,16346 

0,69058 
61,026 

0,17212 

0,86519 
74,752 

0,19032 
1,2107 
104,61 

0,20809 
1,6348 
141,21 

0,26088 
8,0788 
266,01 

0,^9173 
5,1552 
445,41 

0,33091 
7,9594 
687,69 

0,86866 
11,682 
1000,7 

0,40517 
16,110 
1391,9 

0,44066 
21,625 
1868,4 

0,47494 
28,210 
2437,8 

0,50844 
86,940 
3105,2 

0,64110 
44,888 
3878,4 


10,690     I    11,199  ]  11,732       12,291 

0,11993   i  0,12564    0,13162    0,18789 

0,23548    0,24669    0,25843    0,27074 
20,345     1 21,814     .22,329      23,892 

0,14066   10,14736    0,15438    0,16173 

0,39771,    0,41665    0,43649    0,46727 
34,862       86,999     j  37,713      89,508 

0,16077    0,16842    0,17644    0,18484 

0,61870    0,64816     0,67902    0,71136 
58,466       56,001     1 68,668      61,464 

0,18032  !  0,18891    0,19790    0,20782 
0,90638    0,94954    0,99475    1,0421 
78,811     i  82,040      85,947      90,089 

0,19988  10,20887    0,21882    0,22924 
1,2684  !    1,3288      1,3921      1,4583 
109,59     >  114,81       120,27      126,00 

0,21800  : 0,22838    0,28925    0,25065 
1,7122  I    1,7937  ,    1,8791      1,9686 
164,97       162,35      170,08 

0,27634    0,28846    0,80219 
3,3789      3,5398      3,7084 
291,94      305,84      320,40 


147,98 

0,26288 
3,2254 
278,67 

0,30562 
6,4007 
466,62 

0,84667 
8,3384 
720,43 

0,38621 
12,133 
1048,3 

0,42446 
16,877 
1468,2 

0,46162 
22,665 
1957,4 

0,49756 
29,658 
2653,4 

0,58266 
87,661 
8258,1 

0,66687 
47,026 
4068,0 


0,32017    0,33541  0,36188 

5,6578  •    5,9272  ,  6,2095 

488,84      512,11  586,50 

0,86818    0,38047  0,89858 

8,7354      9,1613  9,5871 

754,74     ,790,67  828,82 

0,40460    0,42387  0,44405 

12,711  !    18,816  18,950 

1098,2      1150,5  1205,8 

0,44467  i  0,46586  0,48808 

17,672       18,622  '   19,404 

1527,6     1 1600,3  1676,5 

0,48350    0,50652  0,58064 

23,734      24,864  26,048 

2050,6       2148,2  2250,5 

0,62126  ,0,64607  0,57207 

30,960  1    80,484  88,979 

2674,9     .  2802,8  2986,8 

0,55802  1 0,68459  0,61242 

39,444  I   41,822  48,290 


3408,0 

0,69886 
49,265 


4256,6  ,  4469,2 


8570,2  t8740,2 

0,62218  0,65176 
51,611   54,068 
4671,5 


29 


SO 


81 


82 


88 


84 


85 


Tabelle  11.   StrOznang  durch  alte  RGhien  (FortBetzong) 
29  80  31  32  83  34 


531 


35 


36 


0,0018630 

nol:789 


0,0014850 

ooi:678 


0,0016808 


0,0017886 

ooi:669 


0,0010680  0,0081644 

'^1:609     r^liAU 


0,0088646 


0,0086060 

<^l:886 


I>h0,850 

F=-0,0962118 
»- 46,804 

Il>a0,875 

F==  0,110447 
C»  46,661 

'I>«i0,400 

F»  0,126664 
c»i  47,464 

JF=a  0,141863 
c  ==48,223 

1>»0^450 

JP»  0,159043 
c»=  48,936 

1>  .10,475 

F«.  0,177205 
c»49,611 

I>hO,500 

JF'^  0,196350 
c  »  50,253 

1>  ■■0,550 

F»  0,237583 
c  =  51,444 

1>»0,000 

F»=  0,282743 
c  =52,529 

1>»0,650 

jP=30,331831 
c  ^  53,527 

J>hO,700 

F»  0,384845 
c  »  54,445 

ll>»0,750 

F«0,441786 
c  »  55,302 

1>mO,800 

J^=  0,502655 
c»  56,098 

lj>»0,900 

jP»  0,636173 
0»  57,541 

!>«:  1,000 

F=  0,785398 
c  »  58,824 

J>«:1,100 

i'^^- 0,950832 
c —59,973 

Ll>H  1,200 

JP— 1,13097 
c»»61,014 


I- 


0,49839 
47,950 
4142,9 

0,52552 
58,042 
5014,9 


r- 

3: 
3: 

3: 
3: 

3: 

3: 
3: 
3: 

u 

3: 

u 

3 

3: 

u 

3 


0,55210 
69,879 
5994,4 

0,57819 
82,024 
7086,8 

0,60376 
96,024 
8296,5 

0,62886 
111,44 
9628,2 

0,65354 
'  128,32 
:  11087 

0,70169 
:  166,71 
: 14404 

'0,74835 
»  211,59 
X 18281 

.0,79370 
'•  263,37 
■22756 

>0,88779 
>  322,42 
» 27857 

»  0,88084 

-  389,14 
-33622 

-0,92282 

-  463,86 
-40078 

» 1,0040 
»  638,71 
-55184 

» 1,0819 
a-  849,70 
—  78414 

1,1569 
•  1099,4 
94988 

>  1,2293 
»  1390,3 
=  120119 


0,52212 
50,234 
4340,2 

0,55055 
60,806 
5253,6 

0,57839 
72,688 
6279,8 

0,60572 
85,929 
7424,3 

0,63251 
100,60 
8691,5 

0,65881 
116,74 
10087 

0,68466 
184,43 
11615 

0,73510 
174,65 
15090 

0,78898 
221,67 
19152 

0,83149 
275,92 
23839 

0,87768 
337,77 
29183 

0,92278 
407,67 
35223 

0,96677 
485,95 
41986 

1,0518 

669,12 
57812 

1,1334 

890,16 
76910 

1,2119 

1151,7 
99511 

1,2878 

1456,5 
125839 


0,54698 
52,626 
4546,8 

0,57676 
63,701 
5503,8 

0,60593 
76,144 
6578,8 

0,63456 
90,021 
7777,8 

0,66263 
105,39 
9105,4 

0,69018 
122,30 
10567 

0,71726 
140,83 
12168 

0,77010 
182,96 
15808 

0,82131 
232,22 
20064 

0,87109 
289,05 
24974 

0,91947 
353,86 
30573 

0,96672 
427,08 
86900 

1,0128 
509,09 
43985 

1,1019 

700,98 
60565 

1,1874 

932,55 
80572 

1,2696 

1206,6 
104249 

1,8491 

1525,8 
181831 


0,57302 
55,131 
4163,3 

0,60422 
66,734 
5765,9 

0,63478 
79,769 
6892,1 

0,66478 
94,807 
8148,1 

0,69418 
110,40 
9538,9 

0,72304 
128,13 
11070 

0,76141 
147,54 
12747 

0,80677 
191,68 
16661 

0,86042 
243,28 
21019 

0,91256 
302,82 
26163 

0,96326 
370,70 
32029 

1,0127 
447,42 
38657 

1,0610 

533,33 
46080 

1,1543 

734,36 
63449 

1,2439 

976,95 
84409 

1,8301 

1264,0 
109213 

1,4134 

1598,4 
138106 


0,60031 
57,756 
4990,2 

0,63299 
69,912 
6040,4 

0,66501 
83,567 
7220,2 

0,69643 
98,798 
8536,1 

0,72723 
115,66 
9993,1 

0,75747 
134,23 
11597 

0,78719 
154,56 
18354 

0,84519 
200,80 
17349 

0,90139 
254,86 
22020 

0,95602 
317,24 
27409 

1,0091 

888,36 
38554 

1,0610 
468,72 
40498 

1,1115 

558,72 
48274 

1,2093 

769,33 
66470 

1,3031 

1023,5 
88428 

1,3934 
1324,2 
114413 

1,4807 
1674,6 
144684 


0,62889 
60,507 
5227,8 

0,66818 
73,241 
6328,0 

0,69667 
87,547 
7564,0 

0,72959 
108,60 
8942,6 

0,76186 
121,17 
10469 

0,79853 
140,62 
12149 

0,82467 
161,92 
18990 

0,88543 
210,36 
18175 

0,94431 
267,00 
23069 

1,0015 
332,34 

28714 

1,0572 

406,85 
36152 

1,1115 
491,04 
42426 

1,1645 
585,33 
50572 

1,2669 
805,96 
69635 

1,3652 

1072,2 
92638 

1,4598 

1387,3 
119861 

1,5512 

1754,3 
151578 


0,65884 
63,388 
5476,7 

0,69471 
76,728 
6629,8 

0,72985 
91,715 
7924,2 

0,76433 
108,43 
9368,4 

0,79814 
126,94 
10967 

0,83132 
147,31 
12728 

0,86894 
169,63 
14656 

0,92759 
220,88 
19041 

0,98927 
279,71 
24167 

1,0492 

348,17 
30082 

1,1075 

426,22 
36825 

1,1644 
514,42 
44446 

1,2199 

613,20 
52980 

1,3272 

844,33 
72951 

1,4302 

1123,3 
97050 

1,5298 

1453,3 
125568 

1,6250 

1887,9 
158791 

34* 


0,69021 
66,406 
5737,5 

0,72779 
80,382 
6945,0 

0,76460 
96,082 
8301,5 

0,80078 
118,59 
9814,5 

0,88614 
182,98 
11490 

0,87090 
154,38 
13334 

0,90508 
177,71 
15354 

0,97176 
230,87 
19947 

1,0364 

293,03 
25318 

1,0992 

364,74 
31514 

1,1602 
446,51 
38579 

1,2199 
638,92 
46563 

1,2780 

642,40 
55503 

1,3904 
884,54 
76724 

1,4988 
1176,7 
101671 

1,6021 

1522,5 
13164 

1,7024 
1925,4 
166352 


532 


Tabelle  II.    StrOmnng  durch  aJte  Bdhxen  (Fortsetzung) 


/= 


DmokhOhenTerlnst 


,  D  s  Durchm.  in  m,  F=s  Qaenchnitt  in  m*,  c  =  Koefflsiant  d.  Voimel  V 


-y^. 


(sdiTftge)  Stranglftnge 
CTb  Gkichwindigkeit  in  m  p.  Sek.,  q  s  DnrchfloAmenge  in  Lit.  p.  Sek.,  Q  ss  DnrchfloBmenge  in  m*  p.  Tag. 


0,0088480  !  0,0081267 
ooi:361   ,  ooi:MO 


0,0084806 


0,0087849 


0,0041820  0,0046848  0,0040770  0,0064828 


'>^l:24«     ooi:221 


o^lrSOl  ,  r^lrlSJ 


LD«rOy040 

J'^  0,0012566 
C  =  22,222 

I>BaO,050 

jP=- 0,001 9686 
c»  24,210 

J>«  0,000 

F=- 0,0028274 
c»  25,922 

J>aB09070 

F^  0,0038485 
c»- 27,429 

J>_0,080 

JP«  0,0050265 
c  — 28,778 

JDaiO^OOO 

JP— 0,0068617 
c»  80,000 

1>  .10,100 

F«  0,0078540 
Cs=81,119 

I>»0,t25 

JP=  0,0122718 
c«  88,557 

I>a>0,150 

JP=0,0176715 
C  =  85,620 

2>»0,175 

F=»  0,0240528 
e  =  87,408 

>X>«sO,200 

F=.  0,0314159 
C»  88,988 

lD»0,225 

JP^  0,0397608 
c»  40,394 

7>.0,250 

F— 0,0490874 
c«  41,667 

I>»0,275 

1^«0,0593957 
I  c»  42,830 

!l>s0,800 

ir'— 0,0706868 
C»  48,899 

JD  ■■0,825 

JPs«  0,0829677 

C  — 44,885 


^- 

3= 

I- 

S- 

U-. 

i: 

q  = 
Q- 

a: 

q= 

q= 
Q- 

a: 

5: 


0,11859 
0,14903 
12,876 

0,14445 

0,28363 
24,506 

0,16943 

0,47905 
41,390 

0,19364 
0,74528 
64,888 

0,21720 
1,0917 
94,326 

>  0,24015 
:   1,5278 

132,00 

0,26258 
'.  2,0623 
:  178,18 

0,31658 

>  3,8850 
335,66 

0,36812 
:  6,5051 
'562,04 

0,41756 
10,044 
867,76 

0,46519 

>  14,614 
1262,7 

=  0,51127 

>  20,328 
.1756,4 

0,55591 

>  27,288 
.2357,7 

0,59931 
:  35,597 
:8075,5 

:  0,64158 
.  45,351 

>  8918,3 

>  0,68279 
:  56,643 
.4893,9 

87 


0,12424 

0,15612 
18,489 

0,15133 

0,29714 
25,673 

0,17750 
0,50186 
43,360 

0,20286 
0,78071 
67,453 

0,22754 
1,1437 

98,818 

0,25159 
1,6005 
138,29 

0,27508 
2,1605 
186,67 

0,33165 
4,0699 
351,64 

0,38564 
6,8149 
588,81 

0,43745 
10,522 
909,08 

0,48734 
15,310 
1322,8 

0,53561 
21,296 
1840,0 

0,58238 
28,587 
2469,9 

0,62785 
37,291 
3222,0 

0,67213 
47,510 
4104,9 

0,71530 
59,340 
5127,0 

38 


0,13016 

0,16356 
14,181 

0,15854 

0,31128 
26,895 

0,18595 

0,52575 
45,425 

0,21252 
0,81789 
70,665 

0,23837 
1,1982 
103,52 

0,26357 
1,6767 
144,87 

0,28818 

2,2634 

195,56 

0,34744 
4,2637 
368,39 

0,40401 
7,1894 
616,84 

0,45828 
11,023 
952,37 

0,51055 
16,039 
1385,8 

0,56111 
22,310 
1927,6 

0,61011 
29,949 
2587,6 

0,65774 
39,067 
8875,4 

0,70414 
49,778 
4300,4 

0,74936 
62,165 
5871,1 

39 


0,18635  10,14285  0,14965 

0,17185'  0,17951  0,18805 
14,804 


0,16608 
0,82611 
28,176 

0,19480 

0,55079 
47,588 

0,22264 

0,85683 
74,030 

0,24972 
1,2552 
108,45 

0,27612 
1,7566 
151,77 

0,80190 
2,8712 
204,87 

0,36398 
4,4668 
385,93 

0,42324 
7,4793 
646,21 

0,48010 
11,548 
997,72 

0,53486 
16,803 
1451,8 

0,58783 
23,273 
2019,4 

0,68916 
31,375 
2710,8 

0,68906 
40,927 
3536,1 

0,78767 
52,148 
4505,1 

0,78504 
65,125 
5626,8 

40 


15,509  1 16,248 

0,17399  0,18228 

0,34163  0,35790 

29,517  1 30,923 

0,20408  0,21879 

0,57701  0,60449 

49,854  52,288 

0,28324  1 0,24435 
0,89763'  0,94037 

77,555  1 81,248 

0,26161  0,27407 

1,3150  1,8776 

113,62  119,03 

0,28926  0,30304 

1,8402  1,9278 

158,99  166,57 

0,31628  0,83184 

2,4841  2,6023 

214,62  224,84 

0,38182  0,39947 

4,6795  4,9023 

404,30  423,56 

0,44340  0,46451 


0,15677  0,16424 
0,19701  0,20639 
17,021  1 17,882 

0,19096  0,20005 

0,87494{  0,39280 
82,895   83,988 

0,22897  0,28464 
0,63327  0,66848 
54,715   57,320 

0,25599  0,26817 
0,98515;  1,0821 
85,117   89,169 


0,28712 
1,4482 
124,69 


0,30079 
1,5119 
180,68 


0,31747  ;0,88268 


2,0196 
174,50 

0,34712 
2,7262 
285,55 


2,1168 
182,81 

0,36866 
2,8561 
246,76 


0,41849  0,48842 


7,8355 
676,98 

0,50296 
12,098 
1045,2 


8,2086 
709,22 

0,52691 
12,674 
1095,0 


0,56033  ;  0,58701 
17,603  I  18,441 
1520,9   1593,3 

0,61582  1 0,64514 
24,485  !  25,651 
2115,5   2216,3 

0,66959  0,70147 
82,868  ,  34,434 
2839,8   2975,1 

0,72187  0,75624 
42,876  -  44,918 

3704.5  8880,9 

0,77279  0,80959 
54,625   57,226 

4719.6  4944,4 

0,82248    0,86159 


5,1357 
443,72 

0,48663 
8,5994 
742,99 

0,55199 
13,277 
1147,1 

0,61496 
19,819 
1669,2 


5,8802 
464,86 

0,50980 
9,0089 
1 7  78,37 

0,67828 
13,909 
1201,8 

0,64424 
20,289 
174,87 


68,226 
6894,8 

41 


71,475 
6175,6 

42 


0,67586  0,70804 

26.878  28,162 
2321,8  2482,3 

0,73488  0,76987 

36,078  87,791 

3116,7  8266,1 

0,79225  0,82998 

47,066  49,297 

4065.7  4269,8 

0,84814  0,88868 

59,951  62,806 

5179.8  6426,4 

0,90261  ;0,94669 

74.879  I  78,444 
6469,6  6777,6 


48 


44 


Tabelle  II.   StxOmang  durch  alte  ROhren  (Fortsetzung) 
87  38  89  40  41  42 


533 


48 


44 


0,0028480    0,0081257    0,008480ft 


oo  1 :  861 


^^1:820 


ooi:J92 


0,0087840 

1:866 


0,0041820 

ool:242 


0,004&849 
0^1:221 


0,0049770 

0^1:201 


0,0054828 

^>ul:188 


LD: 

F- 


F'. 
c- 

X>i 

F 
c» 

P' 

c 


F^ 


F- 

F. 
c- 

F: 

X): 

F> 
c* 

'X)s 

F- 
c- 

LDi 

c  = 

c- 

IX>i 

F* 
c- 

JD> 

c  = 
1>. 

c  = 


:0,850 

0,0962118 
45,804 

s  0,375 

0,110447 
46,661 

!0,400 

'0,125664 

47,464 

sO,425 

:0,141863 
'48,228 

1 0,450 

0,159048 
48,986 

0,475 

=  0,177205 
■49,611 

:0,500 

'0,196850 
:  50,258 

t0,550 

=0,287588 
51,444 

(0,600 

>  0,282748 
:  52,529 

(0,050 

>  0,881831 
'58,527 

(0,700 

1 0,884845 
:  54,445 

(0,750 

0,441786 
:  55,802 

(0,800 

0,502655 
'56,098 

!0,900 

0,686173 
57,541 

il,000 

0,785398 
58,824 

il,100 

0,950882 
59,973 

1,200 

1,18097 
61,014 


I- 

S- 

3: 
a: 

3: 

U'. 

a; 

3: 

S- 

u- 

3: 

3: 
3: 


0,72807 
69,568 
6010,7 

0,76244 
>  84,209 
7275,7 

0,80101 
100,66 
8696,8 

0,88886 
.  119,00 
10282 

0,87595 
189,81 
12087 

0,91287 
161,68 
18969 

0,94817 
186,17 
=16085 

1,0180 

241,87 
20897 

=  1,0857 
:  806,98 
26528 

1,1515 
882,11 
83014 

1,2165 
467,78 
40416 

:  1,2779 
'.   564,58 
> 48780 

1,3389 
'  672,98 
'58146 

1,4566 
926,66 
80063  . 

1,5695 

1282,8 
106512 

1,6784 

1595,0 
137811 

1,7835 

2017,0 
174272 


0,75750 
72,880 
6296,9 

0,79875 
88,219 
7622,1 

0,83915 
105,45 
9110,9 

0,87880 
124,67 
10771 

0,91766 
145,95 
12610 

0,95581 
169,38 
14634 

0,99832 
195,04 
16851 

1,0665 
253,38 

21892 

1,1374 

321,60 
27786 

1,2064 
400,31 
34586 

1,2734 
490,05 
42390 

1,3388 
591,46 
51102 

1,4026 

705,03 
60915 

1,5260 

970,78 
83875 

1,6444 

1291,5 
111583 

1,7583 

1671,0 
144373 

1,8684 

2113,1 
182571 


0,79357 
78,581 
6596,7 

0,83678 
92,420 
7985,1 

0,87910 
110,47 
9544,7 

0,92064 
130,60 
11284 

0,96136 
152,90 
18210 

1,0018 

177,44 
15331 

1,0406 

204,32 
17654 

1,1178 

265,45 
22935 

1,1916 
336,91 
29109 

1,2688 
419,37 
36288 

1,3340 
513,38 
44356 

1,4025 
619,62 
58536 

1,4694 

738,60 
63815 

1*,5986 

1017,0 
87869 

1,7227 

1353,0 
116897 

1,8420 

1750,6 
151248 

1,9578 
2218,7 
191264 


0,88136 
79,986 
6910,8 

0,87668 
96,820 
8365,3 

0,92096 
116,73 
9999,2 

0,96448 
136,82 
11822 

1,0071 

160,18 
18839 

1,0490 

185,89 
16061 

1,0902 

214,05 
18494 

1,1705 

278,09 
24027 

1,2488 
352,95 
80495 

1,3240 
439,34 
37959 

1,8975 

537,83 
46468 

1,4693 
649,13 
56085 

1,5394 
773,77 
66854 

1,6747 

1065,4 
92053 

1,8047 

1417,4 
122468 

1,9298 
1833,9 
158449 

2,0505 
2319,1 
200371 


0,87095 
88,795 
7239,9 

0,91887 
101,43 
8763,6 

0,96481 
121,24 
10475 

1,0104 

143,34 
12384 

1,0551 

167,80 
14498 

1,0990 

194,74 
16826 

1,1421 

224,25 
19875 

1,2262 

291,33 
25171 

1,3078 

869,76 
81947 

1,3870 
460,26 
89766 

1,4641 

563,44 
48681 

1,5393 

680,04 
58755 

1,6127 
810,61 
70037 

1,7545 

1116,2 
96486 

1,8906 

1484,9 
128294 

2,0216 

1921,2 
165994 

2,1482 

2429,5 
209912 


0,91242 

87,785 
7584,6 

0,96210 
106,26 
9180,9 

1,0108 

127,02 
10974 

1,0585 

150,16 
12974 

1,1053 

175,79 
15189 

1,1518 
204,01 
17627 

1,1965 

234,92 
20297 

1,2846 
305,20 
26369 

1,8700 
387,37 
83468 

1,4581 

482,17 
41659 

1,5888 

590,26 
50999 

1,6126 

712,42 
61553 

1,6895 
849,21 
73872 

1,8880 

1169,3 
101028 

1,9806 

1555,6 
134408 

2,1179 
2012,7 
173898 

2,2505 

2545,2 
219907 


0,95586 
91,965 
7945,7 

1,0079 

111,82 
9618,0 

1,0589 

133,06 
11497 

1,1089 

157,31 
13592 

1,1580 

184,17 
15912 

1,2061 

213,73 
18466 

1,2534 
246,11 
21264 

1,8458 
319,78 
27652 

1,4853 
405,81 
35062 

1,6222 
505,18 
43648 

1,6068 
618,87 
53427 

1,6894 

746,34 
64484 

1,7699 
889,65 
76865 

1,9256 

1225,0 
105839 

2,0749 

1629,7 
140802 

2,2187 

2108,5 
182178 

2,3576 

2666,4 
230378 


1,0014 

96,844 
8324,1 

1,0559 

116,62 
10076 

1,1098 

139,40 
12044 

1,1617 

164,80 
14239 

1,2181 

192,98 
16670 

1,2635 
223,90 
19345 

1,3131 

257,88 
22276 

1,4099 

834,96 
28940 

1,5036 
425,13 
86732 

1,5947 
529,18 
45721 

1,6838 
647,82 
55971 

1,7698 

781,88 
67554 

1,8542 
982,01 
80525 

2,0172 

1288,8 
110878 

2,1787 

1707,8 
147507 

2,3244 
2208,9 
190858 

2,4699 

2793,4 
241348 
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Tabelle  II.   StrOmung  durch  alte  lUJhren  (Fortsetzung) 


/= 
u^ 


Draokh01i«nTerliut 


,  2>  s  Dnrchm  in  m,  Fs  Qvenchnltt  in  m%  c  ss  Ko«ffisient  d.  Fonnal  U^  cy  J  — , 

Q  s  DnrohfloAmeng*  in  m*  p.  Tag. 


(•ofarftge)  Strmnglilnge 

Q«Mhwlndigkelt  in  m  p.  8ek.,  q  a  Dnxohflnfim^nge  in  Lit  p.  Sek., 


0,0069948 

o^l:l67 


0,006570S 

oo  1 :  152 


I>  1.0,040 

J?'-.  0,0012666 
C»  22,222 

12>»09050 

JP=  0,0019636 
c»  24,210 

[Dh  0,060 

2^=0,00282741 
C  — 26,922 

[2>«iO,070 

i^«  0,0088486 
c»=  27,429 

lDhO^OSO 

JP«  0,0060266 
c«=  28,778 

1>  IB  0,090 

JF^:  0,0063617 
c  »  30,000 

{1>  1.0,100 

JP=r  0,0078640 
e»81,119 

I>»  0,125 

F=  0,0122718 
c»  83,667 

[I>«i0,150 

JP-=0,0176715 
c  =»  36,620 

I>  1*0,175 

F=  0,0240628 
c  »  87,408 

!l>M  0,200 

F=  0,0314169 
I  c»  88,983 

l>a-0,225 

F=  0,0397608 
C»  40,394 

I>»0,250 

JP= 0,0490874 
C  =  41,667 

I>»0,275 

F=«  0,0693967 
e»  42,830 

I>aaO,800 

JP==  0,0706868 
e»  43,899 

J>»0,825 

^==0,0829677 
e  «-  44,886 


I- 


0,17206  I  0,18026 
0,21622  0,22661 


18,681 


19,671 


0,21966 
0,43109 


0,20968 

0,41160 
36,664  j  37,247 

0,24681 

0,69601 
60,049 


0.0072208 


0.0079248 


0^1:188      «~l:186 


0,0086976 


0,0006466     0,010470 

<~l:106       *^l:95 


3= 
3= 

3; 

Q 

3= 

s: 

3= 
3= 
3= 


0,28094 
1,0812 
93,416 

0,31611 
1,6839 
136,86 

0,34842 
2,2166 
191,61 

0,38096 
2,9921 
268,61 

0,46930 
6,6364 
486,99 

0,63407 
9,4879 
816,43 

0,60681 
'.  14,572 
:  1269,0 

:  0,67492 
:  21,203 
:  1881,9 

:  0,74176 
29,493 
2648,2 

0,80662 
39,690 
3420,6 

0,86960 
61,644 
4462,1 

0,93088 
66,796 
6684,8 

0,99061 
82,179 
7100,8 

46 


0,26762 
0,72811 
62,909 

0,29482 
1,1327 
97,868 

0,33012 
1,6694 
148,37 

0,36601 
2,8221 
200,63 

0,39910 
8,1846 
270,82 

0,48117 
6,9048 
610,17 

0,66960 
9,8872 
864,26 

0,68466 
16,266 
1818,9 

0,70706 
22,213 
1919,2 

0,77708 
80,897 
2669,6 

0,84493 
41,476 
3683,6 

0,91090 
64,104 
4674,6 

0,97616 
68,929 
6966,6 

1,0378 

86,092 
7438,4 

46 


0,18883 

0,23730 
20,602 

0,28001 

0,46162 
39,020 

'  0,26978 
I  0,76278 
66,904 

0,30833 

'  1,1866 

I  102,62 
I 
0,34684 

1,7384 

160,19 

0,88289 
2,4327 
210,18 

0,41810 
3,2838 
283,72 

0,60408 
6,1860 
534,47 

0,58614 
10,368 
894,93 

'  0,66488 
16,992 
1381,7 

0,74072 
28,270 
2010,6 

0,81408 
32,368 
2796,6 

0,88616 
48,460 
8764,1 

0,96427 
56,680 
4897,1 

1,0216 

72,212 
6239,1 

!  1,0872 
90,191 
7792,6 

47 


0,19783 

0,24869 
21,479 

0,24096 
0,47313 

40,878 

0,28262 

0,79910 
69,042 

0,32302 
1,2431 
107,40 

0,36280 
1,8211 
167,36 

0,40060 
2,6485 
220,19 

0,43801 
3,4401 
297,23 

0,62808 
6,4806 
669,92 

0,61405 
10,861 
937,56 

0,69664 
16,764 
1447,6 

0,77699 
24,378 
2106,3 

0,86284 
33,910 
2929,8 

0,92731 
46,619 
3932,8 

0,99971 
69,379 
5130,3 

1,0702 

75,660 
6636,2 

14890 

94,486 
8163,6 

48 


0,20726 

0,26048 
22,601 

0,26248 
0,49668 

42,824 

0,29608 

0,88716 
72,830 

0,38840 
1,8023 
112,62 

0,87966 
1,9078 
164,84 

0,41967 
2,6698 
230,67 

0,46887 
3,6089 
811,88 

0,66322 
6,7891 
686,68 

0,64329 
11,368 
982,19 

0,72970 
17,661 
1616,4 

0,81294 
26,539 
2206,6 

0,89346 
36,624 
3069,8 

0,97146 
47,687 
4120,1 

1,0478 

62,206 
5374,6 

1,1212 

79,262 
6847,4 

1,1932 

98,986 
8662,8 

49 


0,21711 

0,27283 
23,673 

0,26446 

0,61926 
44,864 

0,81018 

0,87701 
76,774 

0,36461 
1,3643 
117,88 

0,89763 
1,9987 
172,69 

0,43965 
2,7970 
241,66 

0,48072 
3,7766 
326,21 

0,67967 
7,1123 
614,61 

0,67892 
11,909 
1029,0 

0,76446 
18,387 
I  1588,7 

'  0,86166 
26,756 
I  2811,7 

0,93699 
87,216 
<  8216,4 

I  1,0177 
'    49,957 
I  4816,8 

1,0972 

65,168 
6630,6 

1,1746 
83,026 
7173,4 

'  1,2600 
I    108,70 
'  8959,6 

60 


0,22746 

0,28682 
24,695 

0,27705 

0,54398 
47,000 

0,82496 
0,91877 
79,882 

0,87189 
1,4298 
128,49 

0,41666 

'    2,0939 

180,91 

0,46069 
2,9301 
253,16 

I  0,60361 

I    3,9563 

341,74 

0,60716 
7,4510 
648,77 

0,70601 
I  12,476 
;  1078,0 

0,80086 
19,263 
1664,8 

0,89220 
I  28,029 
•  2421,7 

,  0,98066 
38,988 
'  3868,5 

;  1,0662 
I    52,336 
4521,8 

1,1494 
68,271 
6898,6 

,  1,2305 
I    86,979 
7615,0 

1,3096 

108,64 
9386,1 


U^Bb 


61 


Tabelle  H. 

Strdmung  dorch  alte  BOhren  (Fortsetzong) 

635 

46 

46 

47 

48 

49 

60 

51 

t      ^^ 

0,0069948 

0,0006798 

0,0072208 

0,0079248 

0,0086076 

0,0006466 

0,010476 

1 

«^1:16» 

o^U\Z» 

«~l:l86 

r^l:ll6 

ooi:i05 

r^l:95 

I>«0,S50 

F=0,0962118 
C»  45,804 

U^  1,0491 
q=  100,98 
Q=»  8720,4 

1,0990 

105,74 
9186,7 

1,1618 

110,77 
9670,7 

1,2062 
116,06 
10026 

1,2686 

121,57 
10504 

1,3238 

127,86 
11004 

1,3868 

183,42 
11528 

I>««0,875 

F=  0,1 10447 
c  — 46,661 

Cr«  1,1062 
q«-   122,17 
Q  — 10666 

1,1688 

127,99 
11058 

1,2140 

184,09 
11686 

1,2718 
140,47 
12137 

1,8824 

147,16 
12714 

1,8968 
164,17 
18820 

1,4623 
161,51 
18964 

l>aiO,400 

F=  0,125664 
c«  47,4  64 

Cr=  1,1621 
q»   146,04 
Q:»  12618 

1,2175 
162,99 
13218 

1,2764 
160,27 
18848 

1,8362 

167,91 
14507 

1,3998 

176,90 
15198 

1,4664 

184,28 
16922 

1,6866 

198,06 
16680 

J>«50,425 

F«=  0,141868 
c»  48,223 

U^«  1,2170 
q=:   172,65 
Q  =  14917 

1,2750 

180,87 
15627 

1,3867 

189,49 
16372 

1,3998 

198,61 
17161 

1,4659 
207,96 
17968 

1,6867 

217,86 
18828 

1,6088 
228,24 
19720 

jDi.0,460 

F-=  0,159048 
c»  48,986 

1;^=  1,2709 
q=   202,12 
Q  =  17468 

1,3314 

211,76 
18295 

1,8948 
221,88 
19166 

1,4612 

232,39 
20079 

1,6808 
248,46 
21085 

1,6086 
265,06 
22086 

1,6800 

267,19 
23085 

I>»0,475 

!F«0,177205 
c  =49,611 

i7=«  1,3237 
q»   234,57 
Q»  20266 

1,8867 

245,73 
21281 

1,4628 

257,44 
22242 

1,6219 

269,69 
23802 

1,6944 
282,64 
24411 

1,6703 
295,99 
25578 

1,7498 
310,08 
26791 

I>aB0,500 

F— 0,196850 
C»  60,263 

rr^  1,8766 
q=   270,11 
Q»  23387 

1,4411 

282,97 
24448 

1,6098 
296,44 
25612 

1,5816 

810,66 
26882 

1,6570 
825,84 
28110 

1,7359 

840,88 
29448 

1,8186 
367,06 
30860 

X)  as  0,550 

F=  0,237683 
C»  51,444 

U^  1,4770 
g=»   860,91 
Q  — 30818 

1,5478 

367,62 
31762 

1,6210 

883,86 
83274 

1,6982 
408,46 
84859 

1,7790 
422,67 
36619 

1,8637 
442,79 
88267 

1,9626 
468,88 
40079 

7>>K  0,600 

F=  0,282743 
!  c»  62,629 

1^—1,5762 
q»  446,38 
Q  =  88481 

1,6602 
466,58 
40813 

1,7288 
488,80 
42232 

1,8111 
612,08 
44243 

1,8973 
536,46 
46850 

1,9877 

662,00 
48567 

2,0823 

688,76 
60869 

J>aO,650 

J'^- 0,331831 
c=»  63,627 

U-=- 1,6707 
q=   664,38 
Q=  47898 

1,7602 

680,78 
50179 

1,8336 
608,43 
62568 

1,9209 

637,40 
65071 

2,0128 

667,76 
69694 

2,1081 

699,56 
60441 

2,2085 

732,86 
68819 

I>«0,700 

F=«  0,384846 
.  c»  64,446 

Cr«  1,7636 
q»   678,66 
Q=  68636 

1,8474 

710,98 
61428 

1,9364 

744,83 
64358 

2,0276 

780,30 
67418 

2,1241 

817,46 
70628 

2,2262 

856,87 
73991 

2,3812 

897,16 
77514 

1>«0,750 

F— 0,441786 
c  «  66,302 

U^  1,8541 
q»  819,11 
0=70771 

1,9424 
868,11 
74141 

2,0849 
898,97 
77671 

2,1317 

941,77 
81869 

2,2382 

986,62 
85244 

2,3896 

1083,6 
89303 

2,4510 

1082,8 
93555 

l>sO,800 

F— 0,502665 
,  c«  56,098 

Cr=  1,9425 
q=«   976,39 
Q  —  84860 

2,0849 

1022,9 
88377 

2,1818 

1071,6 
92686 

2,2334 

1122,6 
96993 

2,8897 

1176,1 
101612 

2,4611 

1232,1 
106450 

2,6678 

1290,7 
111519 

1>bbO,900 

jF«  0,636173 
'  c  =  57,541 

r7=  2,1138 
q»    1344,4 
1  Q  =  116158 

2,2189 

1408,4 
121689 

2,3193 

1475,5 
127483 

2,4298 

1545,8 
138663 

2,6465 

1619,4 
189913 

2,6667 

1696,5 
146676 

2,7937 

1777,2 
163554 

1>  .11,000 

F=- 0,786898 
c»»  58,824 

tr=  2,2772 
q=   1788,6 
Q  =  164680 

2,8857 

1873,7 
161888 

2,4998 

1962,9 
169597 

2,6183 

2056,4 
177672 

2,7480 

2164,8 
186182 

2,8786 
2266,9 
194995 

3,0104 

2364,4 
204280 

1>«1,100 

if'«:  0,950832 
c  =  69,973 

t;=  2,4361 
q=   2314,1 
Q  =  199940 

2,6610 
2424,3 
209461 

2,6726 

2589,7 
219434 

2,7997 

2660,7 
229883 

2,9831 

2787,0 
240829 

3,0727 
2920,1 
252296 

3,2190 
3059,1 
264809 

.Dx.1,200 

F=  1,18097 
c  — 61,014 

^=2,6875 
q=   2926,4 
Q  =252840 

2,7107 

8065,7 
264879 

2,8398 

3211,7 
277491 

2,9750 

83,646 
290704 

8,1166 

8524,8 
804646 

8,2650 

3692,7 
819047 

8,4205 
8868,5 

884289 

1 
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Tabelle  II.   SirSmung  durch  alte  R5hren  (FortBetzung) 


D  rackhOhen  verliut 


(sohr&ge)  Stranglftnge 
j  £r=  6«tohwindigkeit  in  m  p.  Sek.,  q  =  Dorohflafimenge  in  Lit.  p.  Sek^ 


,  DsDozohm.  in  m,  ^sQa^nohnitt  in  m%  csKoeffisient  d.Fonnel  Cr=c  y  J^, 

Q  ss  DnrahflaBmenge  in  m'  p.  Trng. 


0,011498 


0,018619 


0,0U849 


0,016199 


0,010681 

'^^1:60 


0,018607 

~»l:85 


0,090091 


l>s.09040        U-. 

.2^=0,0012666   q  = 
c  =  22,222       |Q  = 

I>sO,050         U'. 

I i^=  0,0019686   q: 
\  c  =  24,210       I  Q- 

2>»0,060       'U-. 

2^—0,0028274   q  = 

c  =  26,922         0  = 

JDasO,070       :  {/= 
jP»  0,0038486 1  q- 

U-. 
F= 0,0060266   q  = 
c  =  28,778        Q« 

I>s:0,090  U= 

2?"=  0,0063617   q  = 


c==:  27,429 
I>s  0,080 


c  =  30,000 

1>S80,100 

2^=^0,0078640 
I  c  =  81,119       I 

I>aB0,125 

2^=0,0122718 
c  =  83,567 


0 

a: 

C7« 


i- 

u^ 


1>»0,150 

2^=0,0176716 
C  =  36,620 

I>aO,175 

I  Ir'^  0,0240628 1  q 
c  =  37,408       ]\Q'. 

D«0,200      !'  U: 

2^=0,0314169,  q  = 

c  =  38,988        Q-. 

J>8s09225       il  U- 
'  F=  0,0397608  ig 
;  c  =  40,894 

l>aiO,2&0 

2^=0,0490874 
c  =  41,667 

D  sO,275 

,  F  »0,0693967 
I   e:»42,830 

!>«  0,800       , 

2?^=  0,0706868 
C"- 43,899       i 


0 


J>a:0,825 

F=  0,0829677   q 
C  =  44,886       \.Q 


3= 

U- 

u- 
u- 


:  0,23828 
'   0,29943 
:  25,871 

c  0,29024 
:  0,66988 
:  49,238 

0,34042 
0,96262 
=  83,161 

0,38907 

>  1,4973 
=  129,37 

0,43640 

>  2,1986 
•  189,62 

0,48262  i 

8,0697 
265,22 

0,52769 
4,1437 
858,01 

0,63607 
7,8058 
674,42 

0,73968 

13,070  ! 
1129,3     I 

0,83898  j 
:  20,180  I 
=  1743,6     , 

0,93468 
=  29,364 
=2637,0 

=  1,0278 
=   40,844 
=  8628,9 

=  1,1169 

64,828 
4737,1 

=  1,2042 
=   71,522 
=6179,5 

1,2891 
'   91,121 

=  7872,8 

1,3719 

113,81 
9833,1 

62 


0,24968 

0,31869 
27,108 

0,30406 

0,59702 
61,682 

0,36663 
1,0088 
87,121 

0,40760 
1,6686 
135,68 

0,46717 
2,2980 
198,65 

0,60660 
8,2168 
277,86 

0,66271 
4,3410 
876,06 

0,66686 
8,1776 
706,63 

0,77486 
18,693 
1183,1 

0,87893 
21,141 
1826,6 

0,97919 
30,762 
2667,8 

1,0762 

42,789 
3697,0 

1,1701 
67,439 
4962,7 

1,2616 

74,927 
6473,7 

1,8606 
96,469 

8247,7 

1,4372 

119,23 
10801 
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0,26161    I 

0,82863 

28,398     < 

0,31864   ! 
0,62644 
64,088 

0,37361 
1,0664 
91,270 

0,42701 
1,6488 
141,98 

0,47894 
2,4074 
208,00 

0,62957 
3,8690 
291,08 

0,67908 
4,6477 
392,92 

0,69809 
8,5669 
740,18 

0,81174 
14,345 
1239,4 

0,92078 
22,147 
1913,5 

1,0258 

32,227 
2784,4 

1,1274 

44,826 
3873,0 

1,2268 
60,174 
5199,0 

1,3216 

78,495 
6782,0 

1,4148 

100,00 
8640,4 

1,6066 

124,90 
10792 

64 


0,27897 

0,34428 
29,745 

0,83370 

0,66622 : 
66,611      , 

0,39140   . 

1,1067 
95,615 

0,44734 
1,7216 
148,74 

0,60176 
2,6221 
217,91 

0,56478 
3,6294 
304,94 

0,60660 
4,7642 
411,63 

0,73133 
8,9748 
776,42 

0,86040 
15,028 
1298,4 

0,96468 
23,202 
2004,6 

1,0747 
83,761 
2917,0 

1,1811 
46,961 

4057,4 

1,2842 

63,039 
6446,6 

1,3845 

82,233 
7104,9 

1,4822 

104,77 
9061,8 

1,6773 

130,86 
11306 

66 


0,28701 

0,36067 
31,162 

0,34969 
0,68642 
59,307 

0,41004 
1,1593 
100,17 

0,46864 
1,8036 
156,83 

0,52564 
2,6422 
228,28 

0,58120 
3,6974 
319,46 

0,63648 
4,9910 
431,23 

0,76616 
9,4021 
812,34 

0,89089 
16,743 
1360,2 

1,0106 

24,807 
2100,1 

1,1268 
35,369 
3066,9 

1,2378 

49,197 
4260,6 

1,3464 
66,040 
6706,9 

1,4604 

86,148 
7448,2 

1,5627 

109,76 
9482,8 

1,6524 
137,08 
11844 

66 


0,30068 
0,87784 
82,646 

0,86624 

0,71911 
62,181 

0,42956 
1,2146 
104,94 

0,49096 
1,8894 
163,26 

0,66067 
2,7680 
239,16 

0,60887 
3,8786 
334,67 

0.G6674 
6,2287 
461,76 

0,80263 
9,8498 
851,02 

0,93831 
16,493 
1425,0 

1,0587 
26,464 
2200,1 

1,1794 
87,063 
3201,4 

1,2962 
51,640 
4453,0 

1,4094 

69,186 
6977,6 

1,5196 

90,260 
7797,6 

1,6267 

114,98 
9934,4 

1,7811 

143,61 
12408 

67 


0,31499 

0,39683 
34,200 

0,38368 

0,75836 
65,089 

0,46002 
1,2724 
109,93 

0,61433 
1,9794 
171,02 

0,67689 
2,8998 
260,64 

0,63786 
4,0679 
850,60 

0,69744 
6,4777 
473,27 

0,84086 
10,319 
891,54 

0,97776 
17,278 
1492,8 

1,1091 
26,677 
2804,9 

1,2356    . 

38,817 
3368,8 

1,3680 
63,994 
4665,1 

1,4765 

72,479 
6262,2 

1,5918 

94,648 
8168,9 

1,7041 
120,46 

10407 

1,8136 

160,46 
12999 
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62  63  64  66  56  67 


537 

68 


1 

0,011498 

0,012619 

0,018840 

0,015199 

0,016681 

«~l:60 

0,018807 

0,0S0098 

ool:60 

JP=i  0,0962113 
c  »  46,804 

i7=«  1,4528 
q=«   139,78 
0  =-12077 

1,6220 

146,43 
12662 

1,6946 
153,41 
13264 

1,6704 

160,71 
18886 

1,7499 

168,86 
14647 

1,8333 

176,38 
15239 

1,9205 

184,78 
15966 

J>aO,375 

1 2?*=  0,110447 
1  c»46,661 

U^  1,6319 
q»   169,20 
Q»  14619 

1,6049 

177,-J6 
16316 

1,6818 

186,69 
16044 

1,7613 

194,68 
16808 

1,8462 

203,80 
17608 

1,9881 

218,60 
18447 

2,0261 

223,67 
19326 

I>«0,400 

F«  0,126664 
1  c»- 47,464 

C/»  1,6094 
qs«   202,24 
0  =  17474 

1,6860 
211,87 
18306 

1,7663 
221,96 
19178 

1,8604 

232,53 
20091 

1,9886 
248,60 
21047 

2,0308 

256,20 
22050 

2,1276 

267,:<6 
23099 

|J>— 0,425 

F=»  0,141863 
c»»  48,228 

Cr»  1,6866 
q=:  239,10 
Q»  20669 

1,7667 
260,49 
21642 

1,8498 

202,42 
22673 

1,9879 
274,91 
28762 

2,0301 

288,00 
24883 

2,1268 
301,71 
26068 

2,2281 

816,08  ' 
27309 

:7>a>0,450 

jP=:  0,169043 
1  C»  48,936 

17=  1,7600 
q=   279,92 
Q«  24186 

1,8488 
293,24 
26336 

1,9816 
307,21 
26643 

2,0236 

821,88 
27806 

2,1191) 

387,16 
29131 

2,2209 
358,21 
80688 

2,3266 

370,03 
31971 

ii>«0,475 

■F=-0,177205 
c=49,611 

U'^  1,8332 
q=   824,86 
Q»»  28067 

1,9206 
840,31 
29403 

2,0119 

356,62 
30803 

2,1077 

878,60 
32270 

2,2081 

391,28 
33807 

2,3182 

409,91 
86416 

2,4288 

429,48 
87108 

'2>aB  0,500 

i?'=0,196360 
1  C  =  60,263 

Cr=  1,9061 
q=   374,07 
Q  =32819 

1,9968 
391,88 
83868 

2,0908 

410,64 
86470 

2,1904 

480,08 
37169 

2,2947 

460,66 
88929 

2,4040 

472,02 
40788 

2,6184 

494,49 
42724 

Da.  0,550 

!<'«:  0,237683 
i  c  =  51,444 

{7=2,0466 
q=  486,97 
Q— 41988 

24429 

509,11 
48987 

2,2449 

688,36 
46081 

2,3618 

668,74 
48276 

2,4688 

686,36 
60674 

2,5811 
613,22 

62982 

2,7040 

642,42 
65505 

X>m  0,000 

i*'==  0,282743 
c  =  52,629 

17—2,1816 
q=   616,80 
Q  =63291 

2,2863 

646,17 
65829 

2,8942 
676,98 

68487 

2,6082 

709,17 
61272 

2,6276 

742,94 
64190 

2,7627 

778,31 
67246 

2,8888 
816,87 
70448 

7>«0,650 

2^'=  0,331831 
c=  53,627 

r7=  2,8137 
q=   767,76 
Q  =  66334 

2,4239 
804,31 
69492 

2,5398 

842,61 
72801 

2,6602 

882,78 
76268 

2,7868 

924,76 
79899 

2,9195 

968,79 
83704 

8,0586 

1014,9 
87689 

J>bO,700 

2^^—0,384846 
c  =  64,446 

^7=  2,4422 
q=   939,87 
0=81205 

2,6586 

984,62 
85071 

2,6808 

1081,6 
89122 

2,8079 

1080,6 
98866 

2,9416 
1132,1 
97811 

8,0817 

1186,0 
102469 

3,2286 

1242,6 
107848 

1>bO,750 

li''^- 0,441786 
c=«  55,302 

Cr= 2,5677 
q=   1184,4 
0=98010 

2,6900 

1188,4 
102676 

2,8180 

1246,0 
107666 

2,9622 

1804,3 
112687 

8,0928 

1366,4 
118058 

3,2401 

1481,4 
123674 

8,3948 

1499,6 
129668 

J>»0,800 

ir'=  0,502656 
,  C«  66,098 

C7=  2,6901 
q—   1862,2 
0-»  116829 

2,8182 

1416,6 
122392 

2,9624 

1484,0 
128219 

8,0929 
1664,7 
134826 

3,2402 

1628,7 
140721 

8,3946 

1706,8 
147421 

8,5661 

1787,6 
154441 

J>«i  0,000 

;ir^«  0,636178 
1  c«  67,641 

17=2,9267 
q=   1861,9 
0-=  160866 

8,0660 

1950,6 
168626 

3,2120 
2048,4 
176560 

3,8660 
2140,7 
184966 

8,6252 
2242,6 
198768 

3,6980 

2349,4 
202989 

8,8689 

2461,8 
212666 

2>«1,000 

iJ'^  0,786398 
c  ->  68,824 

Cr=  8,1687 
q=  2476,9 
0=214007 

8,3039 

2594,9 
224197 

3,4612 

2718,4 
234772 

3,6260 

2847,9 
246066 

8,7987 

2988,6 
267772 

8,9796 
3126,6 
270046 

4,1690 

3274,4 
282906 

LD-i  1,100 

2^=  0,960832 
C=- 59,978 

C7=  3,8723 
q=  8204,8 
0»  276896 

8,6829 

8867,4 
290079 

8,7011 

3617,8 
808892 

8,8778 
8684,7 
318362 

4,0619 

3860,2 
888521 

4,2664 
4044,0 
849402 

4,4580 
4236,6 
866039 

IjD— 1,200 

F=-=  1,18097 
c«»  61,014 

£7=8,6884 
q=   4062,7 
0—360164 

3,7640 

4246,7 
866827 

3,9328 
4447,8 
884294 

4,1200 

4669,6 
402592 

4,3162 

4881,5 
421762 

4,6217 

5118,9 
441844 

4,7870 

6367,4 
462883 
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Tabelle  II.   StrCmung  durch  alte  Rfihren  (Fortsetzung) 


u- 


BraokhOhenTerlnit 


,  D  =  Dnxohm.  in  m,  ^=  Quenohnitt  in  m*,  e  =  Koeffisient  d.  Formel 


r=cy7f. 


(sohrftge)  Strangl&nge 

:  Oesohwindigkeit  in  m  p.  Sek.,  q  =  DuxchflnBmenge  in  Lit  p.  Sek.,  Q  =  Daxchflnfimenge  in  m*  p.  Tmh- 


0,022051 


0,024201 

'^1:41 


0,026661 


0,020161 


0,061998      0,066112   1  0,0t86U 

r^^lrSi       -^1:28    '    n^i:2« 


I  C-' 

1 

X)i 

F. 
c- 

Di 

F: 

c- 

F- 
c- 

Di 

F. 
c- 

F- 
c- 

JDx 

F. 
c- 

F- 

c> 

!>» 

F^ 

'  c  = 

F^ 
c- 

F. 
c- 

F-^ 

c  = 

D: 

c- 

F: 

,  c  = 

C-- 


1 0,040 

0,0012666 
22,222 

!0,050 

0,0019686 
24,210 

tO^oeo 

>  0,0028274, 
26,922 

!0,070 

0,0038485 
27,429 

iO^OSO 

0,0060265 

28,778 

!0,090 

0,0063617 
30,000 

i0,100 

0,0078640 
31,119 

!0,125 

0,0122718 


u- 

q  = 
Q- 

5: 

q  = 
Q  = 

3: 

(7= 

3: 

83,667       I  Q  = 


0,150 

0,0176716 
35,620 


3 


0,176         U^ 

0,0240628.1  9 
37,408 


(0,200 

0,0314169 
38,988 

>0,225 

0,0397608 
40,394 

iO,250 

0,0490874 
41,667 

:  0,275 

=0,0693967 
42,880 


0  = 

,3: 

iq: 

3: 
3: 


0,800 

0,0706868  q 
43,899       \\Q: 

1 0,825  '1^7. 
0,0829677  q^ 
44,885       \Q 


0,82999 
0,41468 
36,828 

0,40195 
0,78922 
68,189 

0,47144 
1,8330 
115,17 

0,63882 
2,0736 
179,16 

0,60486 
3,0378 
262,47 

0,66824 
4,2611 
367,30 

0,78065 
6,7386 
496,81 

0,88089 
10,810 
934,00 

1,0243 
18,101 
1663,9 

1,1619 
27,947 
2414,6 

1,2944 

40,666 
8513,6 

1,4226 
66,666 

4887,2 

1,6468 

76,930 
6560,4 

1,6676 

99,049 
8667,9 

1,7862 
126,19 
10903 

1,8999 
167,61 
13618 


0,34671 

0,43443 
37,684 

0,42109 
0,82680 
71,436 

0,49389 
1,8964 
120,66 

0,66448 
2,1724 
187,69 

0,63814 
3,1826 
274,97 

0,70006 
4,4686 
384,79 

0,76644 
6,0117 
519,41 

0,92288 
11,826   J 

978,47      I 

1,0731 

18,963 
1638,4 

1,2172 
29,278 
2529,6 

1,8661 

42,602 
8680,8 

1,4904 
69,268 
6119,9 

1,6206 

79,646 
6872,8 

1,7470 

108,77 
8965,4 

1,8708 

182,20 
11422 

1,9904 

166,12 
14266 


0,36217 

0,46511 
39,322 

0,44114 
0,86617 
74,887 

0,51741 
1,4629 
126,40 

0,59136 
2,2758 
196,63 

0,66828 
8,8340 
288,06 

0,73339 
4,6666 
403,11 

0,80188 
6,2980 
544,16 

0,96677 
11,864 
1026,1 

1,1242 

19,866 
1716,4 

1,2752 

80,672 
2650,0 

1,4206 
44,631 
3856,1 

1,6613 

62,080 
6363,7 

1,6977 
83,834 
7200,0 

1,8802 

108,71 
9892,8 

1,9698 

138,50 
11966 

2,0851 

172,98 
14946 


0,87941 

0,47678 
41,194 

0,46214 
0,90741 
78,400 

0,64206 
1,6326 
182,42 

0,61952 
2,3842 
206,99 

0,69486 
3,4928 
301,78 

0,76831 
4,8878 
422,30 

0,84007 
6,6979 
670,06 

1,0128 

12,429 
1073,9 

1,1777 

20,812 
1798,1 

1,8369 
82,132 

2776,2 

1,4883 

46,766 
4089,7 

1,6867 
66,036 
5619,1 

1,7786 

87,802 
7642,9 

1,9174 

113,88 
9839,6 

2,0526 

146,09 
12536 

2,1844 

181,22 
15667 


0,39748 

0,49949 
43,156      ; 

0,48415    , 
0,95062 
82,133 

0,66786 
1,6056 
138,72 

0,64902 
2,4977 
216,80 

0,72795 
3,6691 
816,14 

0,80489 
6,1206 
442,41 

0,88007 
6,9120 
697,20 

1,0610 
13,021 
1125,0 

1,2338 
21,803 
1888,8 

1,3996 
38,662 
2908,4 

1,6591 
48,982 
4232,0 

1,7136 
68,182 

6886,6 

1,8632 

91,468 
7902,0 

2,0087 
119,31 
10808 

2,1608 

162,00 
13138 

2,2884 

189,84 
16403 


0,41640 
0,5-2327 

45,210 

0,60720    I 
0,99588 1 
86,044 

0,59489 
1,6820 
146,33 

0.67992 
2,6166 
226,08 

0,76261 
3,8333 
831,20 

0,84822 
6,3643 
463,48 

0,92197 
7,2412 
626,64 

1,1116 

18,641 
1178,6 

1,2926 
22,841 
1973,4 

1,4661 

86,265 
3046,9 

1,6334 
51,314 
4433,6 

1,7962 

71,876 
6166,9 

1,9619 
96,813 
8278,8 

2,1048 

124,99 
10799 

2,2627 

169,24 
13768 

2,8974 

198,88 
17184 


0,43628 

0,54818 
47,863 

0,58135 
1,0433 
90,141 

0,62322 
1,7621 
152,25 

0,71229 
2,7412 
236,84 

0,79893 
4,0168 
346,97 

0,88887 
6,6197 
486,55 

0,96587 
7,5860 
666,43 

1,1645 

14,290 
1234,7 

1,3541 
23,928 
2067,4 

1,5360 
86,944 
8192,0 

1,7112 
68,758 
4644,7 

1,8806 

74,775 
6460,6 

2,0448 

100,88 
8672,4 

2,2046 

130,94   ] 
11318 

2,8600 

166,82 
14413 

2,6116 
208,85 
18002 
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60 


61 


02 


63 


64 


65 
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0,089061      0,084901 


r>^l:46 


f^l:41 


0,086M1 


0,080161 


0,0S109S 


O,0S6118 


0,0S86S6 

r>ul:26 


2>b0,850 

JP«=  0,0962113 
c»:  45,804 

J> -.0,875 

jP^  0,1 10447 
c»  46,661 

!>■■  0,400 

|2^«0,125664 
C»  47,464 

2>»0,425 

JP«  0,141863 
c==  48,223 

i>— 0,450 

JP=  0,159043 
c»  48,936 

2>»0,475 

^=,0,177205 
C  =  49,611 

1>»  0,500 

2?^=  0,196350 
c  =  50,253 

1>«0,550 

F«  0,237583 

c«=  61,444 

I>B  0,600 

F=  0,282743 
c  =  62,529 

I>B  0,650 

P==0,331831 
c  =  53,527 

1>»0,700 

F=  0,884845 
c^  54,445 

J>mO,750 

i^«  0,441786 
c  =  55,302 

l>ai0,800 

J?'-*  0,502655 
c =56,098 

2>H  0,900 

jP=  0,686173 
C«=  57,541 

1>M  1,000 

F=  0,785398 

C«»  58,824 

1>  ■■1,100 

F=:  0,950832 
C  =  59,973 

JD— 1,200 

F=  1,13097 
c~  61,014 


a: 

U- 

5- 

U'. 

3: 

s- 

U-. 

3: 

U-. 

a: 

U: 

3: 
a: 

u- 

17= 

3: 

U- 

3: 

U-. 

Q- 

U-. 

a: 


2,0120 

:   193,58 

16725 

2,1215 
234,32 

20245 

2,2288 
'.   280,09 
•24199 

2,3842 
■•   331,13 
> 28610 

2,4874 
■•   887,65 
:  33493 

2,5387 

449,88 
'38869 

2,6883 
:  518,04 
44759 

2,8327 
.  673,01 

: 58148 

3,0211 

:  854,19 
>  73802 

3,2042 
'.   1068,2 
> 91865 

8,3822 

1301,6 
112459 

3,5560 
.   1571,0 
•135732 

3,7255 
•   1872,6 
'161794 

4,0531 
:   2578,5 
.222780 

4,8676 

:   3430,8 

296875 

4,6702 
:   4438,3 

■•  383468 

4,9626 
5612,5 

•484924 


2,1078 

202,79 
17521 

2,2226 

245,47 
21209 

2,8850 

293,42 
25352 

2,4453 

346,90 
29972 

2,5685 

406,11 
35088 

2,6596 

471,80 
40720 

2,7640 
542,71 
46890 

2,9676 

705,05 
60917 

3,1649 

894,87 
77317 

8,3568 

1113,9 
96239 

3,5432 

1368,6 
117814 

3,7258 

1645,8 
142195 

3,9029 

1961,8 
169498 

4,2461 

2701,3 
233388 

4,5756 

8693,6 
310487 

4,8926 

4649,6 
401727 

5,1989 

5879,8 
508014 


2,2082 

212,45 
18356 

2,8284 

257,16 
22219 

■ 

2,4462 

307,39 
26659 

2,5617 

863,42 
31899 

2,6750 

426,45 
36759 

2,7862 

493,74 
42659 

2,8956 

568,55 
49122 

3,1089 

738,63 
63817 

3,3156 

937,48 
80998 

3,5166 

1166,9 
100821 

8,7119 

1428,5 
128424 

8,9027 

1724,1 
148966 

4,0887 

2055,2 
177569 

4,4488 

2829,9 
244501 

4,7934 
3764,7 
325271 

5,1256 

4871,0 
420865 

5,4464 

6159,8 
532203 


2,3183 
222,57 
19230 

2,4398 

269,41 
23277 

2,5626 

322,08 
27828 

2,6837 

380,72 
82894 

2,8024 

445,70 
38509 

2,9189 

517,25 
44690 

3,0335 

595,62 
51461 

8,2570 

778,80 
66856 

3,4735 

982,12 
84855 

3,6840 

1222,5 
105622 

8,8887 

1496,5 
129801 

4,0885 

1806,2 
156059 

4,2884 
2163,1 
186024 

4,6601 

2964,6 
256148 

5,0216 

3944,0 
340769 

5,3696 

5102,9 
440896 

6,7068 
6453,1 
557544 


2,4235 

238,16 
20146 

2,5554 

282,24 
24385 

2,6847 

337,36 
29148 

2,8115 

898,86 
34460 

2,9869 

466,93 
40342 

8,0679 

541,88 
46818 

3,1779 

628,98 
53912 

3,4120 

810,64 
70089 

3,6389 
1028,9 

88895 

8,8595 
1280,7 
110651 

4,0738 

1567,8 
136456 

4,2882 

1892,2 
163490 

4,4873 
2255,6 

194882 

4,8820 

3106,8 
268340 

5,2607 

4131,8 
366985 

6,6258 
5346,9 

461888 

6,9774 

6760,8 
584092 


2,5389 

244,27 
21105 

2,6771 

296,68 
25546 

2,8125 

353,43 
30606 

2,9454 
417,84 
86101 

3,0756 

489,16 
42263 

3,2035 

567,68 
49048 

3,3292 

658,69 
66479 

3,5746 

849,24 
73374 

3,8122 

1077,9 
93128 

4,0432 

1841,7 
115920 

4,2678 

1642,4 
141908 

4,4871 

1982,3 
171275 

4,7010 

2868,0 
204161 

5,1144 
3253,7 
281117 

5,5112 

4328,5 
373988 

5,8932 
6600,5 

483881 

6,2621 

7082,2 
611904 


2,6597 

255,90 
22110 

2,8046 

309,75 
26768 

2,9464 

370,26 
31990 

8,0856 

437,74 
37820 

3,2221 

512,45 
44276 

3,3560 
594,71 
61383 

3,4877 

684,82 
59168 

8,7447 

889,68 
76868 

8,9987 

1129,2 
97662 

4,2857 

1405,6 
121440 

4,4710 
1720,7 
148666 

4,7008 
2076,7 
179430 

4,9248 

2475,5 
213883 

6,8580 
3408,6 
294502 

5,7736 

4584,6 
391791 

6,1738 

5867,2 
506922 

6,5602 

7419,4 
641040 
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Tabelle  II.   StrOmung  darch  alte  Rdhren  (Fortsetzung) 


7= 


DruckhOhenverliut 


,  2)  ==  Darohm.  in  m,  ^s  Quersehjiitt  In  m*.  c  =  KoefOsient  d.  Fonnel  £7 s  c  r  /  — , 
(■ohrftge)  StranglAnge  ^4 

ZJsGeiobwindigkeit  in  m  p.  8«k.,  q  =  Darohflafimenge  in  Lit.  p.  Sek.,  Q  =  DarohfloAmenge  In  m*  p.  Tag. 


0,048892 


0,046416 


0,050041 

«~l:80 


0,055008   '  0,061850   i  0,067848 

o^l:18        f^lilS        '^irlB 


0,078007 


F= 
c- 

I>: 

F'. 

c* 

LD: 

F* 
c- 

F: 

c- 

X>i 

F. 

C'- 

X)i 

F^ 
c- 

Di 

F: 
F: 

c- 

Dt 

F- 
c- 

Ds 

F. 
c- 

F- 

C'- 

F- 
c- 

c- 

F 
c 

D 

F 
c 


0,040 

0,0012666 
22,222 

■0,050 

0,0019635 
24,210 

:  0,000 

0,0028274 
25,922 

:0,070 

:  0,0038485 
27,429 

eO,080 

'0,0060265 
« 28,778 

■0,090 

:  0,006361 7! 

>  30,000 

iO,100 

:  0,0078640 
31,119 

t0,125 

>  0,0122718 
^33,557 

:  0,150 

:0,0176715 
:  35,620 

1 0,1 75 

=  0,0240628 

>  37,408 

B  0,200 

:  0,0314169 
■•  »8,983 

:0,225 

0,0397608 
40,394 

bO,250 

'0,0490874 
:41,667 

bO,275 

:  0,0593967 
:  42,880 

iO,SOO 


U'. 

q^ 
0= 


i- 


i- 


a: 
a: 
a: 

u- 

(\" 
Q" 

U-. 

a: 
a: 

§■■ 

U-. 


0,46700 

0,67429 
49,618 

:  0,66666 
:  1,0930 

>  94,434 

>  0,66290 
1,8460 

169,50 

0,74621 
2,8718 
248,12 

0,83697 
4,2071 
363,49 

0,92548 

■■   5,8873 
508,67 

1,0119 

7,9472 
686,63 

1,2199 

14,971 
1293,6 

1,4185 

:   26,068 

2166,9 

1,6091 

38,703 
3344,0 

1,7926 
56,817 

4866,8 

1,9702 

78,336 
6768,2 

2,1422 

105,16 
9086,4 

2,3096 

137,17 
11852 


2,4724 
« 0,07068581  q=   174,76 

15099 


43,899        |Q< 

«0,»25         17= 

0,0829677,  q: 
44,886         Q- 


2,6312 
■•  218,27 
> 18869 

66 


0,47876 

0,60163 
61,981 

0,68316 
1,1460 
98,930 

0,68398 
1,9339 
167,09 

0,78174 
3,0085 
269,98 

0,87682 
4,4074 
380,80 

0,96950 
6,1677 
632,89 

1,0600 

8,3266 
719,83 

1,2780 

16,684 
1366,1 

1,4861 

26,261 
2269,0 

1,6867 
40,646 
3503,2 

1,8780 
58,999 
5097,5 

2,0640 
82,066 
7090,6 

2,2442 

110,16 
9618,0 

2,4194 

148,70 
12416 

2,5901 

183,08 
15818 

2,7664 
228,67 
19767 

67 


0,50166 

0,63028 
64,456 

0,61092 
1,1996 
103,64 

0,71666 
2,0260 
176,06 

0,81896 
3,1617 
272,81 

0,91867 
4,6172 
398,93 

1,0167 

6,4613 
658,26 

1,1106 
8,7220 
753,68 

1,3389 

16,430 
1419,6 

1,6669 
27,512 
2377,0 

1,7660 

42,477 
3670,0 

1,9674 

61,808 
5340,2 

2,1628 

86,973 
7428,1 

2,3611 

116,41 
9971,2 

2,6846 

150,66 
13007 

2,7134 

191,80 
16672 

2,8877 

239,56 
20698 

68 


0,62644 

0,66029 
67,049 

0,64001 
1,2667 
108,68 

0,76067 
2,1226 
183,38 

0,86796 
3,3018 
285,28 

0,96231 
4,8371 
417,92 

1,0640 

6,7690 
684,84 

1,1634 
9,1373 

789,46 

1,4026 

17,218 
1487,2 

1,6310 

28,822 
2490,2 

1,8601 
44,499 
3844,9 

2,0611 

64,761 
6694,5 

2,2662 

90,067 
7781,8 

2,4630 

120,90 
10446 

2,6663 

167,71 
13627 

2,8426 

200,93 
17861 

3,0262 

260,96 
21688 

69 


0,66046 

0,69173 
69,766 

0,67049 
1,3166 
113,76 

0,78642 
2,2236 
192,11 

0,89881 
3,4690 
298,86 

1,0081 
6,0674 
437,82 

1,1147 

7,0913 
612,69 

1,2188 
9,6724 
829,05 

1,4694 

18,032 
1668,0 

1,7086 

80,194 
2608,8 

1,9382 

46,618 
4027,8 

2,1692 

67,834 
5860,9 

2,3731 

94,365 
8152,8 

2,5808 

126,66 
10948 

2,7818 

166,22 
14276 

2,9780 
210,50 
18187 

3,1692 

262,91 
22716 

70 


0,67667 

0,72467 
62,611 

0,70241 
1,3792 
119,16 

0,82386 
2,3294 
201,26 

0,94161 
8,6237 
313,09 

1,0561 

6,8087 
458,67 

1,1678 

7,4290 
641,86 

1,2768 

10,028 
866,48 

1,6894 
18,891 
1632,2 

1,7900 
31,682 
2738,0 

2,0304 

48,838 
4219,6 

2,2621 

71,064 
6140,0 

2,4861 

98,848 
8640,6 

2,7032 

132,69 
11464 

2,9142 

173,09 
14955 

3,1198 

220,62 
19058 

3,8201 

276,48 
28797 

71 


0,60413 

0,95917 
66,698 

0,78586 
1,4449 
124,84 

0,86309 
2,4408 
210,84 

0,98646 
3,7968 
328,00 

1,1064 

6,6616 
480,61 

1,2284 

7,7827 
672,48 

1,3376 

10,506 
907,69 

1,6127 

19,791 
1709,9 

1,8752 
33,138 
2868,1 

2,1271 

61,168 
4420,6 

2,3698 

74,448 
6432,3 

2,6046 

108,56 
8947,1 

2,8819 

139,01 
12010 

8,0630 

181,83 
15667 

3,2683 

281,03 
19960 

3,4782 

288,56 
24930 

72 


TabeUe  II. 

StrGmung 

darch  alte  BOhren 

(Fortsetznng) 

541 

66 

67 

68 

69 

70 

71 

72 

\   .r-   " 

0,049298 

0,046416 

0,0M941 

0,056908 

0,061859 

0,067848 

0,078907 

1>«  0,850 

jP=«0,0962113 
C==  46,804 

f^l'.U 

~l:28 

*^l:80 

'XJlilS 

'^i:i6 

r^llli 

1    ~i:i4 

C/=»  2,7864 
q—  268,08 
Q»  23162 

2,9191 

280,85 
24266 

3,0581 

294,22 
25421 

3,2087 

308,28 
26681 

8,3562 

322,91 
27899 

3,5160 

838,28 
29227 

3,6834 

864,89 
80619 

I>«bO,375 

JP'=0,110447 
1  c»  46,661 

1/^=2,9381 
q»  324,60 
Q  »  28087 

8,0780 

839,95 
29372 

3,2246 

866,14 
80771 

8,3781 

378,10 
82286 

8,6390 
890,87 
88771 

8,7075 

409,48 
85879 

3,8840 

428,97 
87068 

•I>  a  0,400 

|-F=0,126664 
1  c»»  47,464 

U^  3,0867 
q=.   887,89 
Q»:  38618 

3,2337 

406,86 
85109 

8,8876 
426,70 
86781 

8,6490 
445,97 
88682 

8,7179 

467,21 
40867 

8,8960 

489,46 
42289 

4,0804 

512,76 
44803 

;J>bO,425 

F«  0,14 1863 
C  =48,223 

Cr=  3,2826 
q»  468,58 
Q»  39621 

3,3865 

480,41 
41608 

3,6477 

603,29 
48484 

8,7167 

627,26 
46665 

3,8986 
552,36 

47724 

4,0790 

578,66 
49996 

4,2782 

606,21 
52377 

I>«0,450 

JP=«  0,169043 

'  c  =48,936 

1 

C^— 3,8756 
q=  686,86 
Q  =  46384 

8,6362 
662,41 
48698 

8,7046 

689,19 
60906 

3,8810 
617,25 
68330 

4,0658 

646,64 
56870 

4,2694 

677,48 
68580 

4,4622 

709,69 
61817 

I>»0,475 

F=  0,177205 
c»49,611 

27=3,5158 
q=  628,03 
Q=»  63830 

8,6838 

662,69 
56893 

3,8586 

688,77 
59078 

4,0424 

716,33 
61891 

4,2849 

760,44 
64888 

4,4365 

786,17 
67926 

4,6477 

823,61 
71160 

i>K  0,500 

F=0,196360 
c=- 60,263 

17—3,6638 
q=    717,42 
Q  =61986 

8,8278 

761,59 
64937 

4,0101 

787,87 
68029 

4,2010 

824,86 
71268 

4,4010 

864,14 
74662 

4,6106 

906,29 
78217 

4,8801 

948,89 
81941 

I>a>0,550 

F=  0,237683 
1  e«:  61,444 

U=  3,9230 
q=  932,04 
Q»  80628 

4,1098 

976,42 
84368 

4,8055 

1022,9 
88880 

4,5106 

1071,6 
92688 

4,7268 

1122,6 
96997 

4,9603 
1176,1 
101616 

6,1860 

1232,1 
106454 

i>B0,600 

F«  0,282748 
!  C  =  62,629 

[7=4,1889 
q=   1183,0 
0  =  102208 

4,8831 
1289,8 
107076 

4,5918 

1298,8 
112178 

4,8104 
1360,1 
117614 

5,0396 

1424,9 
128110 

6,2794 

1492,7 
128972 

5,6808 

1563,8 
186118 

7>ss  0,650 

^F=0,331831 
c  — 53,527 

Cr=4,4874 
q=   1472,6 
0  =  127222 

4,6487 

1642,6 
183280 

4,8701 

1616,0 
139626 

5,1020 

1698,0 
146874 

6,8449 

1773,6 
158289 

5,6994 
1868,1 
160586 

6,8660 

1946,6 
168180 

I>sO,700 

jF=  0,884846 
'  c  =  64,445 

U—  4,6839 
q=   1802,6 
0  =  166743 

4,9070 

1888,4 
168169 

5,1406 

1978,3 
170928 

5,3864 

2072,6 
179067 

5,6418 

2171,2 
187694 

6,9104 
2274,6 
196626 

6,1919 

2382,9 
205884    [ 

I>»0,750 

F— 0,441786 
1  c— 66,802 

CT— 4,9246 
q=   2175,6 
0  =  187974 

5,1591 
2279,2 
196924 

5,4047 

2887,7 
206301 

5,6621 

2601,4 
216124 

6,9817 

2620,5 
226416 

6,2141 

2745,8 
287196 

6,5100 

2876,0  ; 
248490    > 

1>bO,800      ! 
F= 0,602656 
C  =  56,098 

17=5,1598 
q=   2693,4 
0  »  224067 

5,4050 

2716,9 
234786 

6,6624 

2846,2 
245913 

5,9320 

2981,7 
267622 

6,2144 
3123,7 

269889 

6,5108 

8272,5 
282740 

6,8208     ' 

8428,8 
696203 

2>»0,900 

JP=0,636173 

0  —  57,541 

1 

17=5,6131 
q=   3670,9 
0  ==  308626 

5,8804 

8740,9 
328216 

6,1604 
8919,1 
838606 

6,4637 

4105,7 
854729 

6,7610 
4301,2 
871620 

7,0829 
4506,0 
889815 

7,4202 

4720,5 
407862 

7>al,000 

J?'^  0,786898 
C  =«  68,824 

17=  6,0486 
q=  4760,5 
0—410446 

6,3866 

4976,7 
429990 

6,6388 

5218,7 
460464 

6,9544 

5462,0 
471918 

7,2865 

6722,0 
494884 

7,6824 

6994,5 
517924 

7,9968 

6279,9 
542685 

1>  ■■1,100 

sF— 0,960382 
C=«  69,978 

Z7— 6,4678 
q=   6146,5 
0  —  581059 

6,7757 

6489,2 
566346 

7,0984 

6730,8 
582837 

7,4864 

7067,0 
610689 

7,7904 

7408,6 
689668 

8,1614 

7766,0 
670121 

8,5500 

8126,8 
702029    ' 

I>»1,200 

F=s  1,18097 
caB61,014 

27=6,8726 
q=   7772,7 
!  0^871664 

7,1998 
8142,8 
703646 

7,5427 
8680,6 
787041 

7,9018 

8986,8 
772186 

8,2781 

9362,8 
808901 

8.6722 

9808,1 
847418 

9,0852 
10275 

887768 
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Tabelle  II.    StrOmung  durch  alte  B5hren  (Fortsetzung) 


DmokliOhenTerlait 


(Bohr&ge)  Strang]  &nge 

Geiohwindigkeit  in  m  p.  Sek.,  q  =  Dnzohflnfimenge  in  Lit  p.  Sek., 


,  2)  r:  Dnrohm.  in  m,  /'=  Qnenehnitt  in  m*,  csKoefflsient  d.Fonn«l  C7=sc  ^  /  — , 

Q  —  DarchfloBmange  in  m*  p.  Tag. 


0,081118 

«~1:18 


0,089021 

^^1:11 


0,007701 


0,107%8 


0,11768         0,1801« 

r^l:8,6   I    'NjirT,? 


0,1417S 

'^1:7,1 


F  =  0.001256^ 
c  =  22,222 

F  =  0,0019635 
c  =  24,210 

I>mO,060 

F  =  0,0028274j 
c  =  25.922 

1>»0,070 

F  =  0,003848^ 
c  =  27,429 

I>i.0,080 

F  =  0,0050265 
c  =  28,778 

J>aa09090 

\F  =  0,0063617 
c  =  30,000 

x>-Bo;idb 

F  =  0,007864a 
c  -  31,119 

\F  =  0.0122718 
c  =  33.657 

I>«i09l50 

F  =  0,0176715 
c  =  35,620 

F  =  0,0240520 
I  c  =  37,408 

i^  =  0,0314159 
c  =  38,983 

i^  =  0,039760^ 
c  =  40,394 

2>k0,250 

li^  =  0,04908741 
c  =  41,667 

[Das09275 

F  =  0,0593957 
c  =  42,830 

I>mO,800 

i^  =  0.07068581 
;  c  =43,899 

l>ai0,825 

F  «  0,0829577 
s »  44,885      ! 


C7  = 

3: 
3: 
3: 

17  = 

r- 

3: 
3: 

17  = 

3: 

C7  = 

3: 

C7  = 

3: 

3: 

cr  = 

3: 

C7  = 

3: 

17  = 

3: 

U 

3 


0.63290 
0,79532 
68,716 

0,77090 
1,5137 

130,78 

0.90419 
2,5565 

220,88 

1,0334 
3,9771 
343,62 

1,1591 
6,8263 
503,39 

1.2816 
8,1633 

704,44 

1,4013 
11.006 
950,91 

1,6895 
20,733 
1791,3 

1,9645 
34.716 
2999,5 

2,2284 
53,600 
4631,0 

2.4826 
77,993 
6738,6 

2,7285 
108,49 
9373,2 

2,9667 
146.63 

12582 

3.1983 
189,97 
16413 

3,4239 
242,02 
20911 

3,6439 
302,29 
26117 


0,66303 
0,83319 
71,988 

0,80760 
1,5857 
137,01 

0,94724 
2,6783 
231,40 

1.0826 
4,1664 
359.98 

1,2143 
6,1037 
527,36 

1,3426 
8,5416 
737,39 

1,4680 
11.530 
996,19 

1.7699 
21,720 
1876.6 

2,0681 
36,369 
3142,3 

2,3345 
56,162 
4851,5 

2,6008 
81,707 
7059,6 

2,8584 
113,66 
9818,6 

3,1080 
162.66 
13181 

3.3606 
199,01 
17196 

3,5870 
253.65 
21907 

3,8174 
316,68 
27361 


0,69460 
0.87286 
75,416 

0.84606 
1,6612 
143,53 

0,99234 
2,8058 
242.42 

1,1342 
4,3648 
377.12 

1,2721 
6,3944 
552,47 

1,4066 
8,9482 
773,13 

1,5379 
12,079 
1043,6 

1.8642 
22,764 
1966,0 

2,1661 
38.101 
3291,9 

2.4457 

68,825 
5082,5 

2,7246 
85,597 
7395,6 

2,9946 
119,06 
10287 

3,2660 
169.83 
13809 

3,6102 
208.49 
18013 

3,7578 
265,62 
22960 

3,9991 
331,76 
28664 


0.72768 
0,91443 
79,006 

0,88635 
1,7403 
150,36 

1,0396  . 

2,9394 

263,96  , 

1,1882 
4,6726 
395.08 

1.3327 

6.6988 
578,18 

1,4736 
9,3743 
809,44 

1,6112 
12,654 
1093,3 

1,9425 
23,838 
2069,6 

2.2587 
39,915 
3448,7 

2,5621 
61,626 
6324,6 

2,8644 
89,673 
7747.8 

3,1371 
124,73 
10777 

3,4110 
167,44  i 
14467 

3.6773 
218,42 
18871 

3,9367 
278,27 
24042 

4,1896 
347,66 
30029 


0,76233 
0.95797 
82,768 

0,92865 
1,8232 
157,52 

1,0891 
3,0793 
266,06 

1,2448 
4,7904 
413,89 

1,3961 
7.0178 
606,34 

1.5437 

9.8207 
848.61 

1,6879 
13,257 
1145,4 

2,0360 
24,973 
2157,6 

2,3663 
41.816 
3612.9 

2,6841 
64.661 
5678,1 

2,9903 
93,943 
8116.7 

3,2865 
130,67 
11290 

3.5734 
175,41 
15155 

3,8624 
228.82 
19770 

4,1242 
291,62 
26187 

4,3890 
364,10 
31469 


0,79863 
1.0036 
86,709 

0,97276 
1,9100 
165,03 

1,1410 
3,2260 

278,72 

1,3040 
6,0185 
433,60 

1,4626 
7,3520 
635,21 

1,6172 

10,288 
888,91 

1,7683 
13,888 
1199,9 

2.1319 
26.162 
2260,4 

2,4789 
43,807 
3784,9 

2,8119 
67.635 
5843,7 

3,1327 
98,416 
8503,2 

3,4429 
136,89 
11828 

3,7436 
183,76 
16877 

4,0359 
239,71 
20711 

4,3205 
305,40 
26387 

4,6980 
381,44 
32957 


0,83665 
1,0614 
90,838 

1,0191 
2.0010 
172,88 

1,1953 
3,3796 
292,00 

1,3661 
5.2574 
454,24 

1,5323 
7,7020 
665,45 

1,6942 
10,778 
931,23 

1,8625 
14.549 
1267.0 

2.2334 
27,408 
2368,0 

2,6970 
45,893 
3965,1 

2,9458 
70,856 
6121,9 

3,2818 
103.10 
8908.0 

3.6069 
143.41 
12391 

3,9218 

192.51 
16633 

4,2280 
251,13 
21697 

4,6263 
319,94 
27643 

4.8170 
399,60 
34526 


78 


74 


76 


76 


77 


78 


79 
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73  74  75  76  77  78 


543 

79 


1 

0,08i11S 

0,089092 

'^1:11 

0,097701 

0,10799 

0,U768 

~l:8,5 

0,19916 

'>^l:7,7 

0,14176 

~l:7,l 

F  =  0,0962113 
'  c  =  45,804 

?7  =  3,8588 
q=    371,26 
Q  =  32077 

4,0426 
388,94 
33604 

4,2351 
407,46 
35205 

4,4367 
426,86 
36881 

4,6480 
447,19 
38637 

4,8693 
468,48 
40477 

5,1011 
490,79 
42404 

I>mO,875 

\F  =  0.110447 
c  =  46,661 

U  =  4,0689 
q=    449.40 
0  =  38828 

4,2627 
470.80 
40677 

4,4657 
493,22 
42614 

4,6783 
516,70 
44643 

4,9010 
541,30 
46769 

5,1344 
567,08 
48996 

5,3789 
594,08 
51329     1 

J>»0y400 

F  =  0,125664 
c  =  47,464 

U  =  4,2747 
q=    537,18 
0  =  46412 

4,4783 
562.76 
48622 

4,6915 
689.55 
50937 

4,9149 
617,52 
53363 

5,1489 
647,03 
55904 

5,3941 
677,84 
58665 

5,6609 
710,12  1 
61354     1 

1>»0,425 

^F  =  0,141863 
c  =  48,223 

U  =  4,4767 
q  =    635,08 
Q  =  54871 

4,6899 
665,32 

57484 

4,9132 
697,00 
60221 

5,1471 
730,19 
63088 

5,3922 
764,95 
66092 

5,6490 
801,38 
69289 

5,9180 
839.54 
72536 

'l>ai0,450 

\F  =  0,159043 
c  =  48,936 

U  =  4,6747 
q=    743,48 
Q  =  64237 

4,8973 
778,88 
67295 

5,1305 
815.97 
70500 

5,3748 
854,82 
73856 

5,6307 
895,52 
71373 

5,8988 
938,16 
81057 

6,1797 
982,84 
84917 

1>»0,475 

.P  =  0,177205 
;  c  =  49,611 

U  =  4,8691 
q=    862,82 
0  =  74548 

5,1009 
903,41 
78097 

5,3438 
946,95 
81816 

5,5982 
992,04 
85712 

5,8648 
1039,3 
89793 

6,1440 
1088,0 
94069 

6,4366 
1140,6 
98548 

lD«i  0,500 

ji^  =  0,196350 
c  =  50,253 

U  =  5.0601 

:  q  =    993,55 

Q  =  85843 

5.3011 

1040,9 
89930 

5,6535 
1090,4 
94212 

5,8179 
1142,3 
98698 

6,0949 
1196,7 
103398 

6,3851 
1253,7 
108321 

6,6892 
1313,4 
113479 

I>«i  0,550 

If  =  0,237583 
c  =  51,444 

U  =  5,4329 
q=    1290,8 
0  =  111523 

5,6916 
1352,2 
116833 

5.9626 
1416,6 
122396 

6,2465 
1484,1 
128224 

6,5440 
1554.7 
134329 

6,8556 
1628,8 
140725 

7.1820 
1706,3 
147426 

1>B  0,600 

F  =  0,282743 
,  c  =  52,529 

U  =  5.7942 
q=    1638,3 
0  =  141546 

6,0701 
1716,3 
148286 

6.3591 
1798,0 
155347 

6,6619 
1883.6 
162744 

6,9791 
1973,3 
170493 

7,3114 
2067,3 
178611 

7,6596 
2165,7 
187116 

!l>»0,650 

^  =  0.331831 
c  =  53,527 

U  =  6,1453 
q=    2039,2 
0  =  176188 

6,4380 
2136,3 
184577 

6,7445 
2238,0 
193366 

7,0657 
2344,6 
202480 

7,4021 
2456,2 
212219 

7,7545 
2573,2 
222324 

8.1238 
2695,7 
232910 

I>«iO,700 

F  =  0,384845 
c  =  64,446 

U  =  6,4867 
q=    2496,4 
Q  =  215687 

6,7966 
2615.2 
225957 

7,1192 
2739,8 
236716 

7,4581 
2870,2 
247988 

7,8133 
3006,9 
259796 

8,1853 
3150,1 
272166 

8,5760    1 
3300,1 
285126 

I>aBO,750 

F  =  0.441786 
1  c  =  65,302 

U  =  6,8200 
q=    3013,0 
0  =  260322 

7,1448 
3156,5 
272718 

7,4850 
3306,8 
285703 

7,8414 
3464,2 
299307 

8,2147 
3629,2 
313559 

8,6059 

3802,0 
328489 

9,0157 
3983.0 
344131 

jD»0,800 

F  =  0,502666 
1  c  =  56,098 

U  =  7,1451 
q=    3591,5 
0  =  310307 

7,4853 
3762,6 
325083 

7,8417 
3941,7 
340562 

8,2151 
4129,4 
356778 

8,6063 
4326,0 
373766 

9,0161 
4532,0 
391563 

9,4454 
4747.8  : 
410208  i 

I>iK0,900 

.P  =  0.636173 
1  c  =  57.541 

U  =  7,7735 
q=    4945.3 
Q  =  427273 

8,1436 
5180,8 
447618 

8,5314 
5427,4 
468931 

8,9376 
5685,4 
491260 

9,3632 
5956,6 
514651 

9,8090 
6240,2 
539157 

10,276    1 
6537,4  ; 
564829 

I>»1,000 

F  =  0,785398 
1  c  =»  58,824 

U  =  8,3766 
q=    6578,9 
0  =:  568421 

8,7754 
6892,2 
596487 

9,1933 
7220,4 
623841 

9,6310 
7564,2 
653546 

10,090 
7924,4 
684665 

10,570 
8301,7 
717266 

11,073 
8697,0 
751419 

I>al,100 

F  =  0,950332 
c  =  59,973 

U  =  8,9571 
q=:    8512,2 
Q  =  735457 

9,3836 
8917,6 
770576 

9,8304 
9342,2 
807163 

10,299 
9787,0 
845597 

10,789 

10253 

885860 

11,303 

10741 

928041 

11,841 
11253 
972231 

I>«i  1,200 

\F  =  1,13097 

'  c  =.  61.014 

1 

U  =  9,5178 
q  =     10764 
Q  =  930040 

9,9710 

10277 

974325 

10,446 
11814 
1020718 

10,943 
12376 
1069320 

11,464 
12966 
1120236 

12.010 
13583 
1173577 

12,582 
14230 
1229456 

544 
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DraekhOheBTerliut       -»-*.,  »rv_        ^  t^  m       •         •»■..«..>«         .—       l/    D 

^  „'  ,  D  =  Dnroliiii.  in  m,  Jr=  Qnezachnitt  In  m*,  e  =  Koeffinent  d. Fonnel  Ussc  y  J  —, 

(•ohrflge)  StnngliDge '  ^4 

=  Oeschwindigkeife  in  m  p.  8ek.,  q=rDarclifla6menge  in  Ut.  p.  Sek.1,  Q  =  DarehfloBmenge  in  m*  p.  Tag. 


jr=s 


0,15567 

'^  1 : 6,4 


0,17074 

^•1:5,0 


0,187S8 

'^^  1 : 6,S 


0,80505 

-^1:4,9 


0,22570         0,24771     ,    0,27186 

'^1:4,4        ~'l:4,0    '    f>^l:8,7 


1>»0,040 

F  =  0,0012566 
I  c  »  22,222 

1>»0,050 

\F  =  0,00196351 
c  =  24,210 

l>ai0^060 

F  =  0,00282741 
c  =  25,922 

tO,070 

0,00384851 
27,429 

0,080 

0,005026£ 
28,778 

0,090 

0,00636171 
30,000 

O9IOO 

0,007854Q 
31,119 

0,125 

0,012271^ 
33,557 

0,150 

0,017671^ 
35,620 

0,175 

0,02405281 
37,408 


F^ 

c  = 

c  = 

!>■] 

F  = 

c  = 


1>> 

F- 

C  ' 

Di 

F . 

c  • 

Di 

^F: 

c  ■- 

2>> 

F-. 

c  = 

X>a 

C  = 

I 

!>■ 

F-- 
c  = 

2>i 

c ' 

Dm 

F- 
c  = 

1>I 

J*. 


C^  =  0.87849 

3=    1,1014 
=  95.164 

U  =  1,0676 
q=    2,0962 
0  =  181.12 

U  =  1,2522 

3=    3,5405 
=  305,90 

U  =  1,4312 

3=    5,5078 
=  475,87 

U  =  1,6052 

S=    8,0688 
=  697,14 


:0,200 

0,031415^ 
38.983 

(0,225 

0.0397608 
40,394 

(0,250 

0,04908741 
41,667 

>0,276 

0,0593957 
42,830 

i0,300 

0.0706858? 
43.899 

i0,825 


U  =  1,7749 
q=  11,291 
0  =  975.58 

U  =  1,9407 
q=  15.242 
Q  =  1316,9 

U  =  2.3397 
q=  28.713 
0  =  2480.8 

U  =  2,7206 
q=  48,078 
0  -  4153,9 

U  =  3,0861 
q  =  74,229 
0  =  6413,4 

U  =  3,4381 
q=  108.01 
0  =  9332,2 

U  =  3,7785 

S=  150,24 
=  12981 

U  =  4.1085 
q=  201,68 
Q  =  17425 

U  =  4,4293 

.  q  =  263,08 

Q  =  22730 

U  =  4.7418 
q=  335.18 
Q  =  28959 

U  =  5,0463 


0.0829577,  q  =    418,63 


44.885 


J 


36170 


80 


0.91822 
1,1539 
99,695 

1,1184 
2,1961 
189,74 

1,3118 
3,7091 
320,46 

1,4993 
5,7700 
498,53 

1.6817 
8,4530 
730,34 

1,8594 
11,829 
1022,0 

2,0331 
15,968 
1379.6 

2,4511 
30,080 
2598,9 

2,8502 
60.367 
4351,7 

3,2330 
77,464 
6718,8 

3,6018 
113,15 
9776,6 

3,9585 
157.39 
13599 

4,3042 
211,28 
18255 

4,6402 
275.61 
23813 

4,9676 
351.14 
30338 

5.2866 
438.56 
37892 

81 


0,96195 
1,2088 
104,44 

1,1717 
2,3006 
198,77 

1,3743 
3,8857 
335,72 

1,5707 
6.0448 
522,27 

1,7617 
8.8555 
765,11 

1,9479 
12,392 
1070,7 

2.1299 
16,728 
1445,3 

2.5673 
31.512 
2722,6 

2.9859 
52.765 
4558.9 

3,3870 
81,467 
7038,6 

3,7733 
118,54 
10242 

4,1470 
164,89 
14246 

4,5091 
221.34 
19124 

4,8612 
288,73 
24947 

5,2041 
367.86 
31783 

5,5383 
459,45 
39696 

82 


1,0078 
1,2664 
109,41 

1,2275 
2,4102 
208,24 

1,4397 
4,0707 
351,71 

1.6455 
6,3326 
547,14 

1,8456 
9,2771 
801.54 

2.0407 
12,982 
1121,7 

2,2313 
17,525 
1514,1 

2,6901 
33,013 
2852,3 

3,1281 

55,278 
4776,0 

3,5483 
85,346 
7373,9 

3,9530 
124.19 
10730 

4.3445 
172.74 
14925 

4,7238 
231,88 
20034 

5,0927 
302,48 
26135 

5,4519 
385.37 
33296 

5.8020 
481,32 
41586 

83 


1,0557 
1.3267 
114,62 

1,2859 
2,5249 
218,15 

1,5083 
4,2645 
368,46 

1,7238 
6,6341 
573,19 

1,9335 
9,7188 
839,71 

2,1379 
13,601 
I  1175,1 

'  2.3375 
18.359 
1586.2 

2,8182 
34,585 
2988,1 

3,2770 
57,910 
5003,4 

3,7172 
89.409 
7725,0 

4,1412 
130,10 
11241 

4,5514 
180.97 
15635 

4,9488 
242.92 
20988 

5.3352 
316,89 
27379 

5.7115 
403,72 
34881 

6.0783 
504,24 
43567 

84 


1,1060 
1.3898 
120,08 

1,3472 
2,6452 
228,54 

1.5801 
4,4676 
386,00 

1,8059 
6,9500 
600,48 

2,0256 
10,182 
879.69 

2,2397 
14,248 
1231,0 

2,4488 
19,233 
1661,7 

2,9524 
36.231 
3130,4 

3,4331 
60,667 
5241,6 

3.8942 
93,667 
8092,8 

4,3384 
136,30 
11776 

4,7681 
189,58 
16380 

5,1844 
254,49 
21988 

5,5892 
331,97 
28683 

5,9834 
422.94 
36542 


6,3677 
528.25 
45641 

85 


1,1587 
1,4560 
125,80 

1,4113; 
2,7711 
239.42 

,  1,6553 
,  4,6803 
404,38^ 

I  1.8919 
'  7,2809 
629,07 

2,12201^ 
10,666 
921,58 

2,3463% 

14,927* 

1289,7j^ 

2,5654' 

20,149^ 

1740,9j, 

3,0930 
37,956^ 
3279,4 

3,5965 
63,55^ 
5491,2j 

4,0796 
98,127 
8478,1 

4.5450 
142,79 
12337 

4,9951 
19^61 
17160 

5,4313 
266,61 
23035 

5,8553 
347,78 
30048 

6,2683 
443.08 
38282 


6,6709 
553,41 
47814 

86 
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80  81  82  88  84  86 


545 

86 


*/  = 


0,15667 


0,17074 


Oa87S8 


0,80666 


0,18670 


0,84771 

r^l:4,0 


I>wm 

c  = 

c  = 

2>a 

F^ 
c  = 

F^ 
c  = 

2>«i 

^,F^ 
c  = 

1>H 

c  = 

l^  = 
C  = 

X>« 

c  = 
I>» 

c  = 


■0^850 

0,096211d| 
45,804 

iO,375 

0.110447 
46,661 

i0,400 

0,125664 
47,464 

(0,425 

0,141863 
48,223 

10,450 

0,159043 
48,936 

tO,475 

0,177205 
49,611 

1 0,500 

0,196350 
50,253 

iO,550 

0,237583 
51,444 

iO,600 

0,282743 
52,529 

iO,650 

0,331831 
c  =  53,527 

!l>a«0,700 

F  =  0,384845 
c  ^  54,445 

;i>«0,750 

'F  =  0,441786 
c  =  55,302 

I>mO,800 

IF  =  0,502655 
c  =  56,098 

IDhO,900 

F  =  0,636173 
c  =  57,541 

I>ai  1,000 

F  =  0,786398 
c  =  58,824 

I> -11,100 

.F  =  0.950332 
c  =  59,973 

j>ai,eoo 

^  =  1.13097 
c  =  61,014 


1>! 

1^  = 


1/ 

3 
3 

u 

3 

1/ 


3: 


1/ 

3 

3 
3 

U 


3: 


(7 

3 

C7 


3: 

U 

3 

3: 

17  = 

3: 

q 
Q 

u 

3 


5,3440 
514,16 
44423 

5,6350 
622,37 
53773 

5,9200 
743,93 
64276 

6,1997 

=  879,51 

75990 

6,4739 
1029,6 
88960 

6,7431 
1194,9 
103240 

7,'0077 
1376,0 
118883 

7,5240 
1787,6 
154446 

8,0243 
2268,8 
196026 

8,5106 
2824,1 
244001 

8,9834 
3457,2 

298702 

9,4449 
4172,6 
360517 

9,8951 
4973,8 
429740 

10,765 
6848,7 
591724 

11,601 

9111,1 ; 

787198 

12.405 
11788 
1018524 

laisi 

14907 
1288000 


5,5985 
538,64 
46638 

5,9033 
652,00 
56333 

6,2019 
779.35 
67336 

6,4950 
921,39 
79608 

6,7822 
1078,7 
93196 

7,0642 
1251,8 
108156 

7,3414 
1441.5 
124543 

7,8822 
1872,7 
161800 

8,4064 
2376,8 
205360 

8,9158 
2958,6 
255619 

9.4111 
3621.8 
312925 

9.8947 
4371,3 
377683 

10,366 
5210,7 
450203 

11,278 
7174,8 
619899 

12,153 
9544,9 

824082 

12,995 
12350 

1067020 

13,809 
15617 
1349329 


5,8651 
564.29 
48754 

6,1844 
683,05 
59015 

6,4972 
816.46 
70542 

6.8042 
965,26 
83399 

7,1051 
1130.0 
97634 

7.4005 
1311.4 
113306 

7.6909 
1510,1 
130473 

8,2576 
1961,9 
169504 

8.8067 
2490.0 
215138 

9,3404 
3099,4 
267790 

9,8592 
3794,3 
327825 

10.366 
4579,5 
395667 

10,860 
5458,8 
471639 

11,815 
7516,4 
649424 

12.732 
9999,4 
803949 

13,614 
12938 
1117829 

14,466 
16361 
1413578 


6.1443 
591.16 
51076 

6.4789 
715,57 
61825 

6.8066 
855,34 
73901 

7,1282 
1011.2 
87370 

7.4434 
1183,8 
102283 

7,7529 
1373,9 
118701 

8,0571 
1582.0 
136686 

8.6507 
2055.3 
177575 

9,2260 
2608.6 
225382 

9,7851 
3247,0 

280541 

10.329 
3974.9 
343435 

10,859 
4797,5 
414507 

11,377 
5718,7 
494103 

12,378 
7874,3 
680339 

13,338 

10476 

905087 

14,262 
13554 
1171055 

15,155 
17140 

1480887 


6.4369 
619,30 
53508 

6,7874 
749,64 
64769 

7.1307 
896.07 
77420 

7,4676 
1059.4 
91530 

7,7979 
1240,2 
107153 

8,1221 
1439.3 
124353 

8,4408 
1657.3 
143194 

9.0627 
2153.1 

186031 

9,6653 
2732,8 
236114 

10,251 
3401.6 
293899 

10.820 
4164.2 
359788 

11,376 
5026,0 
434244 

11.919 
5991,0 
517624 

12,967 
8249,2 
712734 

13,973 

10974 
948183 

14,941 
14199 
1226816 

15,877 
17956 
1551400 


6,7434 
648,79 
56056 

7,1106 
785.34 
67853 

7,4702 
938,73 
81107 

7,8232 
1109,8 
95888 

8.1692 
1299,3 
112255 

8,5088 
1607,8 
130274 

8,8427 
1736,3 
150013 

9,4942 
2255,7 
194889 

10,126 
2862,9 
247356 

10,739 
3563,6 
307894 

11.3366 
4362.5 
376919 

11.918 
5265,3 
454920 

12,486 
6276,3 
542271 

13,584 
8642,0 
746671 

14.638 

11497 

993332 

15.653 

14875 


0,87180 

o^l:3,7 


7,0645 
679.69 
58725 

7,8492 
822,73 
71084 

7,8259 
983»4d 
84969 

8,1967 
1162,7 
100454 

8,5582 
1361,1 
1.17600 

8,9140 
1579,6 
136478 

9.2637 
1818,9 
157156 

9.9463 
2363,1 
204169 

10.608 
2999.2 
259134 

11.251 
3733,3 
322554 

11,876 
4570,2 
394866 

12,486 
5516,0 
476582 

13,081 

65751 

568091 

14,231 
9053,6 
782224 

15,335 
12017 
1040630 

16,398 
15584 


1285232  1346429 


16,633 
18811 
1625271 


17,425 
19707 
1702559 


Forchheimer:  HydraoUk 


35 
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Tabelle  II.   StrOmang  durch  alte  R^^hren  (Fortseizung) 


DraokhOhenTerlTDLBt 


,  D  s  Darohm.  in  m,  F»  Quenohnitt  in  m*,  e  ■ 


(Bchrftge)  8tr«ngl&ng6 

:  OMohwindigkeit  in  m  p.  8«k.,  q  =  Dorohflafimftnge  la  Lit  p.  B«k., 


:Koef!asientd.Formel  U 
Q  ss  DazehfiuAinenge  in 


*  p.  Tag. 


0,29886 


0,88746 


0,86888 


0,88448 

•^1:2,6 


0,48888 


0,47608 


0,62140 

*^l:^8 


pD— 0,040       \ 

F  =  0,0012566 

c  ='22,222      [ 

2>«i0,0&0       I 

F  -  0,0019636 

c  »  24,210      I 

I>.m0,060       ' 

F  =  0.0028274 

e  =  25,922      | 

I>«0,070 

F  =  0,0038485' 
e  =»  27,429 

I>mO,080 

F  «  0,006026^ 
c  «  28,778 

I>m0,090 

ii^  -  0.0063617 
c  =»  30,000 

I>:.0,100 

F  =  0.0078540 
c  =  31.119 

I>aiO,125 

F  =«  0,0122718 
6  =»  33,557 

I>aO,150 

F  =1  0,0176715 
c  =1^35,620 

l>aO,175 

F  =  0,0240528 
c  =.  37,408 

J>  3.0,200 

F  =  0,0314159 
c  =  38,983      I 

I>  a  0,225       I 

i'  =  0,0397608 
c  =  40,394 

l>aO,250 

-P  ^  0,0490874 
c  =  41,667 

I>aiO,275 

^  =  0,0593967 
c  -  42,830 

I>  3.0,800  ! 
F  =  0,0706858 
e  =>  43,899      ; 

2>i-0,S25 

F  =x  0,08296771 
c  »  44,885 


17 
U 

I 

u 
u 
u 


r. 


u 
u 

3 
3 

u 

3 
3 
3 
3 

17 

3 


1,2138 
1,5254 
131,79 

1,4785 
2,9031 
250,82 

1,7341 
4.9032 
423,64 

1,9820 
7,6276 
659,03 

2,2230 
11,174 
965,46 

2,4580 
15,637 
1351,1 

2,6876 
21,108 
1823,8 

3,2402 
39,764 
3435,6 

3,7678 
66.582 
5752,7 

4,2739 
102,80 
8881,8 

4,7614 
149,58 
12924 

5.2330 
208.07 
17977 

5,6899 
279,30 
24132 

6,1341 
364,34 
31479 

6,5668 
464.18 
40105 

6,9886 
579,76 
50091 


1,2716 
1.5980 
138,07 

1,5489 
3.0413 

262.77 

1,8167 
5,1367 
443,81 

2,0764 
7,9908 
690,41 

2.3289 
11,706 
1011.4 

2,5751 
16.382 
1415.4 

2,8156 
22,113 
1910,6 

3,3946 
41,657 
3599,2 

3,9472 
69,753 
6026,6 

4,4774 
107,69 
9304,8 

4,9881 
156.71 
13539 

5,4821 
217.97 
18833 

5,9608 
292,60 
25281 

6,4262 
381,69 
32978 

6,8795 
486,28 
42016 

7,3214 
607.36 
62476 


1,3322 
1,6741 
144.64 

1.6227 
3.1861 
275.28 

1.9032 
5,3713 

464.94 

2,7752 
8.3713 
732.28 

2.4398 
12,264 
1059,6 

2,6977 
17.162 
1482.8 

2.9496 
23,166 
2001,6 

3,5662 
43.641 
3770,6 

4,1361 
73,074 
6313,6 

4,6906 
112,82 
9747.8 

6.2256 
164,17 
14184 

5.7432 
228.36 
19730 

6.2446 
306.63 
26484 

6.7322 
399.86 
34548 

7,2071 
509,44 
44015 

7.6700 
636,28 
54975 


1.3966 
1.7538 
151,53 

1,6999 
3,3378 
288,39 

1,9938 
5,6375 
487.08 

2,2788 
8,7699 
767.72 

2.5660 
12,848 
1110,0 

2,8261 
17.979 
1663,4 

3.0901 
24.269 
2096.9 

3.7256 
45.719 
3960.1 

4.3320 
76.553 
6614.2 

4.9139 
118,19 
10212 

6.4746 
171.99 
14860 

6.0166 
239.23 
20669 

6,6420 
321,13 
27745 

7,0528 
418,90 
36193 

7,5502 
533,70 
46111 

8,0352 
666,68 
67692 


1,4621 
1,8373 
158,74 

1,7809 
3,4967 
302,12 

2.0888 
6,9059 
510,27 

2.3873 
9,1876 
793.80 

2.6777 
13.459 
1162.9 

2.9607 
18.835 
1627,4 

3,2372 
25,426 
2196,7 

3,9029 
47,896 
4138,2 

4,6383 
80,198 
6929,2 

6.1479 
123.82 
10698 

6,7361 
180.17 
16667 

6.3081 
250.62 
21653 

6.8636 
336,36 
29067 

7,3886 
438,85 
37917 

7,9098 
659,11 
48307 

8,4178 
698,32 
60335 


1,5317 
1.9248 
166.30 

1.8667 
3.6632 
316,50 

2.1882 
6.1871 
634.57 

2.5010 
9.6250 
831.60 

2.8062 
14.100 
1218.3 

3.1017 
19.732 
1704.8 

3.3914 
26.636 
2301,3 

4.0887 
60.176 
4336.2 

4.7644 
84,017 
7269.1 

6.3930 
129.72 
11208 

6,0082 

188,76 
16308 

6,6032 
262.66 
22684 

7,1798 
362,44 
30461 

7,7404 
469,75 
39722 

8.2864 
585.73 
60607 

a8186 
731,57 
63208 


1,6046 
2.0164 
174.22 

1,9645 
3,8377 
331.57 

2,2024 
6.4817 
660,02 

2,6201 

10,083 
871,19 

2.938Q 
14,772 
1276,3 

3,2494 
20.672 
1786,0 

3,6528 

27.904 
2410.9 

4,2834 
52,565 
4541,7 

4,9808 
88.018 
7604,7 

5.6498 
135,89 
11741 

6.2943 
197,74 
17085 

6,9177 
276.05 
23764 

7,5217 
369.22 
31901 

8.1090 
481,64 
41614 

8,6809 
613,62 
53017 

9,2385 

766.40 
66217 


87 


88 


89 


90 


91 


98 


98 


Tabelle  11.   StrftmuDg  durch  alte  ROhren  (FortgetaBung) 

87  88  89  90  91  92 


647 

93 


0,298S6 


0,S8746 


0,W9S8 


0,S944S 


c  =s 
Da 

F  = 
c  = 

1>« 

C  =a 

I>a 

F^ 
c  = 

Da 

F^ 
e  =« 

Da 

c  = 

Da 

C  «s 

F^ 

c  = 

Da 

F  = 

c  = 

Da 

F=: 

c  =» 

Da 

f^  = 
c  = 

Da 

c  = 

F^ 
c  = 

T>^ 

F  = 
c  = 

Da 

F  =: 

!  c  = 

Da 

F  ^ 
c  = 

Da 

c  s= 


I 


lOyS&O 

0.0962113' 
45,804 

0,110447 
46,61 

iO,400 

0.126664 
47,464 

>0,425 

0,141863 
48,223 

iO,450 

0,169043 
48,936 

10^475 

0.177206 
49,611 

>0,500 

0,196360 
50,263 

i0,550 

0.237683 
51,444 

tO^eoo 

0,282743 
52,629 

r0,650 

0,331331 
53,527 

0,384846 
54.445 

tO,750 

0,441786 
55,302 

iO,800 

0,502666 
56,098 

(0,900 

0,636173 
57,641 

1 1,000 

0,786398 
58,824 

>  1,100 

0,950332 
59,973 

(1,200 

1.13097 
61,014 


0,4tt88 

^^1:8,8 


0,47608 


r- 
r- 

U 

u 
u 
u 

3 

u 

3 

u 

3 

u 

3 

u 

3 

u 

3 

u 

3 

u 

3: 

u 

3 

u 

3 

u 


7,4009 
712,05 
61521 

7.8038 
861,91 
74469 

8,1986 
1030,3 
89014 

8.6869 
1218,0 
106237 

8,9667 
1426.9 
123200 

9.3384 
1664,8 
142976 

9,7048 
1906,6 
164639 

10,420 

2475,6 
213890 

11,113 
3142,1 
271473 

11,786 
3911,0 
337913 

12,441 
4787,8 
413668 

13,080 
6778,6 
499276 


7,7633 
745,96 
64450 

8,1754 
902.96 
78016 

8,5889 
1079,3 
93263 

8.9948 
1276,0 
110248 


9,3926      9,8398 


1493,8 
129066 

9,7831 
1733,6 
149784 

10.167 
1996,3 
172478 

10,916 
2593,5 
224075 

11,642 
3291,7 
284400 

12,347 
4097,3 
354003 

13,033 
6016,8 
433366 

13,703 
6053,8 
623048 


13,704      14.356 
6888,2      7216,2 


3: 


696141 

14,909 
9484,6 
819470 

16,066 
12618 
1090180 

17.179 
16326 
1410540 

18,254 
20645 
1783733 


623480 

16,619 
9936,2 
868490 

16.830 
13219 
1142090 

17,997 
17103 


8,1226 

781,47 
67519 

8,6647 
945,94 
81730 

8,9979 
1130,7 
97693 

9,4231 
1336.8 
116498 


1565,0 
136212 

10,249 
1816.2 
156916 

10,651 
2091,3 
180691 

11,436 
2716,9 
234744 

12,196 
3448,4 
297942 

12,936 
4292,4 
370859 

13,654 
5254,6 
454000 

14,355 
6342,1 
547953 

16,040 
7559,8 
653167 

16,362 

10409 

899368 

17,632 
13848 
1196472 

18,854 
17917 


1477704  I  1548066 


8,5092 
81^68 
70734 

8,9726 
990,99 
85621 

9,4263 
1184,6 
102345 

9.8718 
1400.4 
120997 

10,308 
1639,5 
141660 

10,737 
1902,6 
164388 

11,168 
2190,9 
189293 

11,980 
2846,3 
245922 

12,777 
3612,6 
312128 

13,561 
4496,7 
388518 

14,304 
6504,8 
476618 

15.039 
6644.0 
576044 

16,766 
7919.8 
684268 

17.142 

10906 

942192 

18,471 
14507 
1263443 

19,762 
18771 
1621779 


19,123    '20,034      20  988 
21628    I    22658        23737 
1868667  '  1957645  '  2050859 


8,9144  9,3389 
857,67       898.50 

74102  77631 

9,3998  9.8473 
1038,2       1087,6 

89698  98969 

9,8762  10,346 

1241.0  1300,0 
107216  112323 

10,342  10,834 

1467.1  1537,0 
126769  132794 

10,799  11.313 
1717,6   1799,3 

148396  156461 

11.248  11,784 

1993.2  2088,1 
172215  180415 

11,690  12,246 
2295.2   2404,6 

198308  207751 

12,661  13,148 
2981,8   3123,8 

257631  269899 

13,386  14,023 
3784,6   3964,8 

326990  342660 

14,197  14.873 

4710.8  4935,2 
407017  426398 

14.986  15,699 
6767,0   6041,6 

498265  521990 

16,755  16,505 
6960,4       7291,8 

601378  630013 

16.506  17,292 

8296.9  8691,9 
716850  760983 

17,968  18,813 
11424    11968 

987056  1034056 

19,361  20,272 
15198    16922 

1313123  1376651 

20,692  21.677 
19664    20601 

1699000  1779900 

21.987  23,034 
24867  I  26061 

2148512  '  2250816 


0,U140 


9,7835 
941,29 
81327 

10,316 
1139,4 
98444 

10,838 
1361,9 
117672 

11,350 
1610,2 
139117 

11,852 
1885.0 
162863 

12.345 
2187.6 
189006 

12.829 
2619,0 
217643 

13,774 
3272.6 
282760 

14.690 
4153,6 
358872 

16,581 
6170,2 
446701 

16,446 
6329,2 
646845 

17,291 
7639.0 
660028 

18,115 
9105,8 
786742 

19,709 
12538 
1083292 

21,238 
16680 
1441155 

22,710 
21582  ' 
1864651 

24,181 
27292 
2357990 
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Tabelle  n.   StzCmung  duzch  alte  £Ohren  (Fortaetzung) 


7a 
U  = 


DmckhOhenTerimt 

(sohrftge)  Strajiglftnge 

0«8chwindigkeit  in  m  p.  Sek.,  q  ss  BarohflaAmenge  in  Lit  p.  Sek., 


,  2>  ss  Buiohm.  in  m,  F=  Qnerfohnitt  in  m*,  c  =  Ko«ffisient  d.Fonn«l  U 

Q  s  DarohilnBmenge  in 


se 


•  p.  Tmg. 


0,67884 

'>^i:i,7 


0,4i890S 

«~l:l,6 


0,68M6 

^^1:1,6 


0,76646 


0,86088 


0,0U16 


1,00000 


F  «  0,00125661 
c  =  22,222 

I>aBO,0&0 

F  =  0,0019635 
c  «  24,210 

LD  a.  0,060 

F  ^  0,00282741 
c  ^  25,922 

|I>«i  0,070 

F  »=  0,0038485| 
c  =  27,429 

X>B  0,080 

F  «  0,00502651 
c  =  28,778 

J>  as  0,090 

F  =  0.0063617 
c  =  30,000 

i>:«0,100 

F  =  0,00785401 
c  =  31,119 

2>s0,125 

I J  -  0,01227181 
c  «=  33,557 

I>«0,150 

-F  =  0,01767151 
c  =  36,620 

1>»0,175 

F  =  0,0240528 
c  =  37,408 

!>■>  0,200 

F  =  0,03141691 
c  =  38.983 

I>bO,225 

J  =  0,0397608 
c  »  40.394 

1>  a  0,250 

F  -  0,0490874 
c  =  41,667 

1>hO,275 

F  =  0,05939671 
c  =  42.830 

X)  SB  0,300 

F  =  0,0706858 
c  =  43,899 

JDkO,325 

F  «  0,08295771 
,  c  =  44,885 


17  = 

3: 
3: 

r- 

U  = 

r- 

3: 
3: 
3: 
3: 

q  = 
u  ^ 

3: 
3: 

17  = 

3: 
3: 

17=: 

a: 

J7  = 

3: 


1,6810 
2,1124 
182.52 

2,0476 
4,0204 
347,36 

2,4016 
6,7904 
586,69 

2,7448 
10,563 
912,68 

3,0787 
15,475 
1337,1 

3,4041 
21,656 
1871,1 

3,7220 
29,233 
2525,7 

4,4874 
55,068 
4757,9 

5,2179 
92,209 
7966,8 

5,9189 
142,37 
12300 

6,5940 
207,16 
17898 

7,2471 
288,15 
24896 

7,8798 
386,80 
33420 

8,4951 
504,57 
43695 

9,0943 
642.87 
55541 

9,6784 
802,90 
69370 


1,7611 
2,2130 
191,21 

2,1451 
4,2118 
363,90 

2,5160 
7,1137 
614,62 

2,8755 
11,066 
956,14 

3,2253 
16,212 
1400,7 

3,5662 
22,687 
1960,2 

3,8992 
30,625 
2646,0 

4,7010 
67,690 
4984,6 

6,4664 
96,699 
8346,2 

6,2007 
149,14 
12886 

6,9080 
217.02 
18751 

7,5921 
301,87 
26081 

8,2560 
406,22 
35011 

8,8996 
528,60 
46671 

9,5273 
673,45 
68186 

10,139 
841,13 
72673 


1,8449 
2,3184 
200,31 

2,2472 
4,4124 
381,23 

2,6368 
7,4524 
643,89 

3,0125 
11,593 
1001,7 

3,3789 
16,984 
1467,4 

3,7360 
23,767 
2063,5 

4,0849 
32,083 
2772,0 

4,9249 
60,437 
5221,8 

5,7267 
101,20 
8743,6 

6,4959 
166,26 
13500 

7,2369 
227,35 
19643 

7,9536 
316,24 
27323 

8,6481 
424,51 
36678 

9,3233 
553,77 

47845 

9,9810 
705,51 
60956 

10,622 
881,18 
76134 


1,9328 
2,4288 
209,85 

2,3542 
4,6225 
399,38 

2,7613 
7,8073 
674,55 

3,1559 
12,145 
1049,4 

3,5397 
17,793 
1537,3 

3,9139 
24,899 
2151,3 

4,2794 
33,610 
2903,9 

5,1594 
63,315 
6470,4 

5.9994 
106,02 
9159,9 

6,8052 
163,69 
14142 

7,5815 
238,18 
20579 

8,3323 
331,30 

28624 

9,0599 
444,73 
38424 

9,7673 
580,13 
60124 

10.456 
739,11 
63859 

11,128 
923,14 
79759 


2,0248 
2,5444 
219,84 

2,4663 
4,8426 
418,40 

2,8927 
8,1790 
706,67 

3,3062 
12,724 
1099,3 

3,7083 
18,640 
1610,5 

4,1002 
26,086 
2253,7 

4,4832 
35,211 
3042,2 

5,4061 
66,330 
5730,9 

6,2850 
111,07 
9596,1 

7,1293 
171,48 
14816 

7,9425 
249,62 
21559 

8,7291 
347,08 

29987 

9,4913 
465,90 
40254 

10,232 
607,76 
52510 

10,954 
774,30 
66900 

11.668 
967.09 
83667 


2,1212 
2,6656 
230,31 

2,5837 
5,0732 
438,32 

3,0305 
8,5685 
740,32 

3,4636 
13,329 
1151,7 

3,8849 
19,527 
1687,2 

4,2955 
27,327 
2361,0 

46967 
36,887 
3187,1 

5,6624 
69,488 
6003,8 

6,5843 
116,35 
10063 

7,4687 
179,64 
15521 

8,3207 
261,40 
22686 

9.1447 
363.60 
31416 

9  9432 
488,09 
42171 

10,720 
636,70 
55011 

11,476 
811,17 
70086 

12,213 
1013.1 
87535 


2,2222 
2,7925 
241,27 

2,7068 
5,3147 
45949 

3,1748 
8,9765 
775,57 

3,6285 
13,964 
1206,5 

4,0698 
20,457 
1767,5 

4,5000 
28,628-1 
2473,4 

4,9203 
38,644 
3338,8 

5,9320 
72.797 
6289,7 

6,8978 
121,89 
10532 

7,8244 
18a20 
16260 

a7169 

273,85 
23661 

9,5802 
380.91 
32911 

10,417 
511,33 

44179 

11,230 
667,01 
57630 

12,022 
849,79 
73422 

12,794 
1061,4 
91703 


94 


95 


96 


97 


98 


99 


100 
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94 


96 


96 


97 


98 


99 


549 

100 


0,672S4 


0,6S80t 


0,689M 


0,76646 


0,86028 


0,01116 

'^1:1,1 


1,00000 

■=1:1 


I>«i0,8&0 

F  =  a0962113 
c  »  45,804 

F  =  0,110447 
c  =  46.661 

F  =  0,125664 
c  =  47,464 

I>s.0y425 

F  =  0,141863 
c  =  48.223 

!X>aiO,450 

\F  =  0.159043 
c  =  48.936 

F  =  0.177206 
c  =  49,611 

l>ai  0,500 

F  =  0.196350 
c  =  50,263 

ri>»0,5o0 

i'  =  0,237583 
c  ^  51.444 

1>  a  0,600 

F  =  0,282743 
c  =  52,529 

I>s  0,650 

\F  =  0,331831 
c  =  53,527 

I>«.0,700 

F  =  0,384845 
c  =J54,445 

I>  a  0,750 

F  =  0,441786 
c  ==  55,302 

J>  a  0,800 

F  =  0,502655 
c  =  56,098 

l>si0,900 

F  =  0,636173 
,  c  =  57,541 

ll>ail,000 

F  =  0,785398 
j  c  =  58,824 

l>»l,tOO 

F  =  0,950332 
I  c  -  59,973 

l>>i  1,200 

,F  =  1,13097 
c  =  61,014 


U 

3 
3 
3 
3 
3 

u 

3 

C7 


3: 


17 

3 
3 
3 

u 

3 

17 


3: 


3 

3 

17 


3: 


U 

3 

3 


10,249 
986,11 
86200 

10,807 
1193,6 
103131 

11,354 
1426,8 
123275 

11,891 
1686.8 
145742 

12.416 
1974,7 
170618 

12,933 
2291,7 
198006 

13,440 
2639,0 
228006 

14,430 
3428,4 
296214 

15.390 
4351,4 
375960 

16,323 
6416,3 
467971 

17,229 
6630,6 

572884 

18.115 
8002.8 
691439 

18.978 
9639,4 
824203 

20.647 
13136 
1134874 

22,249 
17434 
1609776 

23,791 
22609 
1963438 

25,280 
28591 
2470264 


10,737 
1033,1 
89266 

11,322 
1250,5 
108042 

11,895 
1494,7 
129146 

12,457 
1767,1 
162681 

13,008 
2068,8 
178742 

13,548 
2400.9 
207434 

14.080 
2764.6 
238863 

16.117 
3691.6 
310318 

16,123 
4568,6 
393861 

17,100 
5674,2 
490254 

18,050 
6946.3 
600162 

18,977 
8383.8 
724362 

19,882 
9993,6 
863448 

21.630 
13761 
1188911 

23.308 
18306 
1681665 

24.924 
23686 
2046454 

26,484 
29962 
2587891 


11,249 
1082.3 
93506 

11.861 
1310.0 
113186 

12,461 
1566,9 
135294 

13,060 
1851,3 
159951 

13.627 
2167.3 
187253 

14,194 
2516,2 
217311 

14,750 
2896,3 
260236 

15,837 
3762,7 
325094 

16.890 
4775.6 
,412616 

17.914 
6944,4 
513698 

18.909 
7277.9 
628739 

19.881 
8783,0 
758853 

20.828 

10469 

904662 

22.660 
14416 
1245622 

24,418 
19178 
1656978 

26.110 
24814 
2143896 

27,746 
31379 
2711116 


11,784 
1133,8 
97959 

12,426 
1372,4 
118576 

13,054 
1640,5 
141736 

13.671 
1939,4 
167567 

14,276 
2270.5 
196169 

14,869 
2634,9 
227668 

15,463 
30342 
262152 

16,591 
3941,8 
340574 

17,695 
6003,0 
432262 

18,767 
6227,5 
538053 

19,809 
7623,6 
658677 

20,827 
9201,2 
794986 

21,820 

10968 

947633 

23.739 
16102 
1304829 

26,681 
20091 
1735876 

27,354 
26996 
2245978 

29,066 
32873 

2840207 


12,346 
1187.8 
102623 

13.018 
1437.8 
124222 

13.676 
1718,6 

148485 

14,322 
2031,8 
176646 

14.956 
2378,6 
206510 

16.677 
2760.4 
238498 

16,189 
317a6 
276634 

17.381 
4129,5 
366790 

18.537 
5241.3 
452846 

19,661 
6624,0 
563673 

20,753 
7986.6 
690040 

21,819 
9639,7 
832840 

22,859 

11490 

992766 

24,870 
16821 
1366959 

26,799 
21048 
1818531 

2a656 
27233 
2352923 

30,460 
34438 
2975446 


12,933 
1244,3 
107610 

13,637 
1506,2 
130137 

14,327 
1800,4 
166655 

16,004 
2128,5 
183905 

15,668 
2491,8 
215296 

16,319 
2891,8 
249855 

16,960 
3330,0 
287711 

18,209 
4326,1 
373779 

19,420 
5490,8 
474407 

20,697 
6834.6 
590512 

21.741 
8366.9 
722897 

22.858 

10098 

872497 

23,948 
12037 
1040026 

26,054 
16575 
1432048 

28,075 
22060 
1905121 

30,021 
28630 
2464959 

31,900 
36078 
3117124 


13,649 
1303,6 
112629 

14,287 
1577,9 
136333 

15,009 
1886,1 
162962 

15,719 
2229,9 
192662 

16,414 
2610,5 
226647 

17,096 
3029,6 
261762 

17,767 
348^5 
301411 

19,076 
4632,1 
391677 

20.345 
5752,3 
496996 

21,577 
7160,1 
618630 

22,776 
8765,3 
757318 

23,946 

10679 

914041 

26,088 
12611 
1089548 

27,294 
17364 
1500236 

29,412 
23100 
1995836 

31,460 
29888 
2582330 


33,419  . 

37796 

3265548 
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Tabelle  III. 


Werte  von  c  in  t7  =  cYRJ  naoh 
GanguiUet  and  Kntters  Formel  (41),  S.  67. 
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o 
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0,06 

0,1 

0,2 

0,3 

0,6 

1.0 
2,0 
8,0 
6,0 
16,0 
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o 
o 

I 


88 
49 
68 
72 
88 

100 
116 
124 
184 


44 
66 
70 
77 
86 


61 
61 
74 
81 
88 


100  100 

111  109 

117  118 

123  118 

161  I  136  126 


64 

66 
77 
84 
90 


66 
68 
78 
86 
91 


100  1  100 
107  ,  106 
111  110 


116 
121 


113 
118 


67 
70 
79 
86 
91 


68 
71 
80 
86 
91 


100  100 

106  106 

109  108 

112  111 


117 


116 


9 
'ft, 

3 


Genille  J 


to 

0« 

o 
o 
o 
o 


o 
o 
o 
o 


o 
o 
o 

o 


09 

o 
o 
o 

o 


o 
o 


o 
o 

II 


81 

85 

88 

40 

41 

80 

44  47;  49 

60 

60 

68 

66  68 

69 

67'  60 

63 

64,64 

66 

67 

69 

69 

70 

28 
86 
46 
68 


771  77 

90  87  I 

99  94 >  89 
1081100!  98 
126  114  102  ,  98  ,  96  94 


77  I  77  I  77  77 
86  84  88  82 


88 
91 


87  86 
90 '89 


42 
61 
69 
66 

70 

77 
82 
86 
88 
92 


I 


0,06 

0,1 
0,2 
0,3 
0,6 

1,0 
2,0 
8,0 
6,0 
16,0 


o  I 


II 


19 
26 
84 
40 

47 

68 
71 
78 
87 
106 


I 


22 

29 
87 
43 
49 

68 
69 
74 
79 
90 


24  26 

82  84 

89  41 

46  46 


60 

68 
67 
71 
76 
88 


61 


68 


28 
36 
42 
47 
61 

68 


29 
36 


29 
36 


42   43 

47  I  48 
62  I  62 


66,  66 

70  69 

78'  72 

79  77 


68 
64 


68 
64 


68  68 
71  70 
76  I  76 


o 

o 
o 

II 


16 
21 


18 
23 


20  121  28 
28,29 


25 


28  80 
88  i  86 
40!  41 


82  84  i  86 


37  ;88 
42  48 


60 

60 

60 

61 

69 

67 

69 

64 

61 

76 

70 

66 

94 

81 

74 

89 
43 


23 
29 
36 
40 
44 


60  60  60 
66  I  66  I  66 
69  I  69  68 
68!  62  61 


74  1  70  I  68  67 


24 
80 
86 
40 
44 

60 
65 
68 
61 
66 


0,06 
0,1 
0,2 
0,8 

0,6 

1,0 
2,0 
8,0 
6,0 
16,0 


o 


II 


12 
17 
22 
26 
81 

40 
60 
66 
64 
81 


13  •  16 

18;  19 

28,  24 

28  29 

82  88 


40 
48 
63 
69 
71 


40 
47 
61 
64 
63 


16,  17 

20!  21 

26  i  26 

80  I  80 

84  84 


40 
46 
49 
63 
69 


40 
46 
48 
62 
67 


18 
22 
27 
81 
36 

40 
46 
48 
61 
66 


18 
22 
27 
81 
36 

40 
46 
47 
60 
66 


o 
00 

o 

o 

II 


10 
13 
18 
21 
26 

88 
42 
48 
66 
72 


11 
14 
19 
22 
26 

38 

41 
46 
61 
62 


18 
16 
20 
24 
27  27 


12 
16 
19 
28 


38  83 
40  140 


48 
47 
66 


42 
46 
62 


13  ,  14  14 

17  18  18 

21  ,  22  22 

24  26  26 

28(29  29 

I 

88  83  ,  83 
39  ,  38  38 
42  I  41  41 
44  '  48  ,  43 
51  49  48 


0,06 

0,1 

0,2 

0,8 

0,6 

1,0 
2.0 

».0 

6,0 

16,0 


o 
l 


8 
11 
16 
18 
22 

29 


9 
12 
16 
19 
28 

29 


86  86 

42  40 

49  1  46 

66  66 


9 
12 
16 
19 
23 

29 
84 
88 
43 
61 


10 
13 
17 


10 
13 
17 


20,  20 
28   24 


29 
33 
86 
41 
47   46 


29  I 
84 
87 
42 


11 
14 
18 
21 
24 

29 
83 
86 
40 
44 


11 
14 
18 
21 
24 

29 
33 
86 
89 
43 


o 

O 

o 

II 

St 


6 
9 

18 
16 
19 

26 
82 
37 


7   7  I  8  8   9   9 

10  I  11  11  12  '  12  12 

14  ,  14  I  16  16  I  16  !  16 

16  I  17  18  18  .  18  18 

19  ,  20  20  21  I  21  21 


25  26:26.26  26  |  26 

81  81  !  80  ;  80  ,  29  29 

86  84  I  38  82;  82  32 

44  41  39  38  87  36  36 

59  52  46  43  42  41  40 
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Tab«lle  IV.   Werte  von  y 


Werte  von  y  in  Bazins  Formel  (45),  S.  71. 


r  = 

'0,06 

0,16    0,46    0,85  ;  1,80 

1,75 

7  =" 

0,06 

0,16 

0,46 

0,85  1,80  1,75] 

1 

i?inm' 

liinm 

1 

1   0,05    , 

68,5  '  50,7 

28,5 

18,1 

12,8 

9,9 

0,46 

79,8 

70,2    51,6 

88,4  29,6*24,1 

;   0,06 

69,8    52,6 

30,2 

19,4 

13,8 

10,7 

0,46 

79,9 

70,4    51,8 

88,6 !  29,8 '  24,8  ' 

0,07 

70,9    54,2 

81,7 

20,6 

14,7 

11.4 

0,47 

80,0 

70,5    52,0   88,8  80,0 

24,5 

1    0,08 

71,8    55,6 

88,1 

21,7 

15,5 

12,1 

0,48 

80,0 

70,6  '  52,3 

89,1 ;  80,2 

24,7 

0,09 

72,5    56,7 

84,4 

22,7 

16,8 

12,7 

0,49 

80,1 

70,8    52,5 

39,8  80,4 '24,8  1 

0,10 

78,1    57,7 

85,5 

28,6    17,0 

18,3 

0,50 

80,2 

70,9  ;  52,7  !  39,5  30,6  25,0  1 

0,11 

73,6    58,7    86,5 

24,4  1  17,7 

18,9 

0,55 

80,4    71,5 '58J 

40,5  31,6  25,9 

,   0,1S 

74,1    59,5 

87,4 

25,2 

18,3 

14,4 

0,60    ! 

;80,7    72,1    54,6 

41,4  82,5 '26,7 

0,18 

74,6  ;  60,2 

38,2 

25,9 

18,9 

14,9 

0,65 

80,9    72,6;  55,4 

42,8  38,3 '27,4 

t                           T                           » 

;    0,14 

75,0    60,9 

39,0 

26,7 

19,4 

15,8 

0,70 

81,1 

78,0  •  56,1   48,1  84,1  28,1  | 

[  0,16 

75,3    61,5 

89,7 

27,2 

19,9 

15,8 

0,75 

81,8 

78,4  !  56,8 

48,9  84,8 '  28,8 

1                   y                    ^ 

0,16 

75,6    62,1 

40,5 

27,8 

20,4 

16,2 

0,80 

81,5    78,8 

57,4 

44,6 !  85,5 

29,4 

I    0,17 

75,9  '  62,7 

41,2 

28,4    20,9 

16,6 

0,85 

81,7    78,1 

58,0 

45,2  86,1 

80,0 

0,18 

76,2    63,2  141,8 

29,0  >  21,4 

17,0 

0,90 

81,8 

78,4 

58,6 

45,9 

86,7 

80,6 

0,19 

76,5 

68,6    42,4 

29,5 

21,8 

17,8 

0,95 

81,9 

74,7 

59,1 

46,5 

87,8 

81,1 

'   0,20 

76,7 

64,1 

42,9 

30,0 

22,3 

17,7 

1,00 

82,0 

75,0 

69,6 

47,0 

37,8  81,6 

1 

0,21 

76,9 

64,5 

48,5 

80,5 

22,7 

18,1 

1,10 

82,2 

75,4 

60,5 

48,0 

38,8 !  32,6 

;    0,22 

77,1    64,9 

44,0 

30,9 

23,1 

18,4 

1,20 

82,4 

75,9 

61,8 

48,9 

89,7 "  88,5 

0,23 

77,8    65,2 

44,4 

81,4 

28,4 

18,7 

1,80    ' 

82,6 

76,8 

62,0 

49,8 

40,6  34,8 

1    0,24 

77,5    65,5 

44,8 

81,8 

28,8 

19,0 

1,40 

82,8    76,6 

62,6 

50,6 

41,4 '85,1 

0,26 

77,6  !  65,9 

45,8 

32,2 

24,2 

19,8 

1,50 

82,9 

76,9 

63,2 

51,8 

42,2 1 86,8 

1   0,26 

77,8 

66,2 

45,7 

82,6 

24,5 

19,6 

1,60 

88,0 

77,2 

68,8 

52,0 

42,9 1 36,5 

0,27 

78,0 

66,5    46,1 

88,0 

24,8 

19,9 

1,70 

,88,1    77,5 

64,8 

52,6 

48,6 

37,1 

0,28 

78,1    66,8    46,5 

33,4 

25,2 

20,2 

1,80 

88,2    77,7 

64,8 

58,2 

44,2 

37,7 

1   0,29 

78,8    67,0    46,9 

88,7 

25,5 

20,5 

1,90 

88,8  :  77,9 

65,2   58,8 

44,8 ;  38,8 

0,80 

78,4 

67,8  1  47,8 

34,1    25,8 

20,7 

2,00 

88,4    78,1 

65,6 

54,8  45,8 !  88,9 

'   0,81 

78,5 

67,6    47,6 

34,3 

26,1 

21,0 

2,20 

88,6    78,6    66,4 

55,3  j  46,4 ;  89,9 

0,82 

78,6 

67,8 

47,9 

84,7 

26,4 

21,2 

2,40 

83,7    78,8:67,1   56,2 

47,8 

40,8 

,    0,88 

78,8 

68,0 

48,2 

85,1 

26,7    21,5 

2,60 

83,8  <  79,1 

67,7  i  57,0 .  48,1 

41,7 

1    0,84 

78,9 

68,2 

48,5 

85,4    26,9    21,7 

2,80 

88,9  \  79,4  '  68,2  '  57,7  48,9 

42,6 

0,35 

79,0 

68,4 

48,8 

36,7    27,2    22,0 

3,00 

84,0    79,6    68,7   58,3  49,7 '48,3 

0,86 

|79,1 

68,6 

49,2 

36,0  '  27,5    22,2 

8,20 

84,1    79,8    69,2   58,9  50,4  44,0 

0,87 

79,2 

68,8 

49,5 

86,8 

27,7    22,4 

8,40 

84,2 

80,0  '  69,6   59,5 ;  51,0  44,6 

0,88 

79,2 

69,0 

49,8 

86,6 

28,0  '  22,7 

3,60 

84,8;  80,2    70,0   60,1 

51,6 '  45,2 

0,39 

79,8    69,2  j  50,1 '86,8    28,2    22,9 

3,80 

84,4 

80,4    70,4   60,6 

52,2  46,8 

1    0,40 

79,4    69,4    50,4    37,1  ;  28,5    28,1 

4,00 

84,4    80,5    70,7   61,0  52,7;  46,4  | 

0,41 

79,5    69,6 

50,6 

87,4  1  28,7    23,8 

4,50 

|84,6 

80,9    71,5  62,1  58,9 

47,6 

0,42 

79,6    69,7  '  50,9  |  87,6  |  28,9    28,5 

5,00 

;84,7 

81,2    72,1   63,0  55,0 

48,8 

0,48 

79,7    69,9  :  51,1 

37,9  !  29,2 

28,7 

5,60 

84,8    81,4    72,7   68,8  56,0 

49,8 

0,44 

79,7    70,1    51,4 

1 

88,1 

29,4    28,9 

6,00 

84,9    81,6    78,2   64,6  56,8 

t 

50,7 

1 
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Tabelle  V. 

Znr  Bereohnung  der  Stanknrven  naoh  Buhlmanns  Formel  (66  o),  S.  125. 


y 

ix 

y 

ix 

y 

ix 

y 

ix 

\ 

K 

\ 

\ 

K 

\ 

K 

K     1 

0,010 

0,0067 

0,290 

1,3243 

0,670 

1,7679 

0,860 

2,1095 

!     0,016 

0,1462 

0,296 

1,3336 

0,676 

1,7647 

0,866 

2,1164 

1     0,020 

0,2444 

0,300 

1,3428 

0,680 

1,7714 

0,860 

2,1218 

0,026 

0,32*22 

0,2)06 

1,8619 

0,686 

1,7781 

0,866 

2,1272 

0,080 

0,8868 

0,310 

1,3610 

0,590 

1,7848 

0,870 

2,1831 

0,086 

0,4411 

0,316 

1,8700 

0,696 

1,7914 

0,876 

8,1390 

0,040 

0,4889 

0,320 

1,3789 

0,600 

1,7980 

0,880 

8,1449 

0,046 

0,6816 

0,326 

l,8rt77 

0,606 

1,8046 

0,886 

8,1608 

0,060 

0,6701 

0,330 

1,3964 

0,610 

1,8112 

0,890 

2,1567    i 

0,066 . 

0,6063 

0,336 

1,4060 

0,616 

1,8178 

0,895 

2,1626 

0,060 

0,6876 

0,340 

1,4136 

0,620 

1,8243 

0,900 

2,1688 

0,066 

0,6677 

0,346 

1,4221 

0,626 

1,8308 

0,906 

2,1748 

0,070 

0,6968 

0,350 

1,4306 

0,630 

1,8373 

0,910 

8,1800 

0,076 

0,7222 

0,356 

1,4390 

0,636 

1,8488 

0,916 

2,1858 

0,080 

0,7482 

0,360 

1,4473 

0,640 

1,8503 

0,920 

2,1916 

0,086 

0,7708 

0,366 

1,4656 

0,646 

1,8667 

0,926 

2,1974 

0,090 

0,7983 

0,370 

1,4638 

0,660 

1,8631 

0,980 

2,2032 

0,096 

0,8148 

0,876 

1,4720 

0,666 

1,8696 

0,985 

2,2090 

0,100 

0,8363 

0,380 

1,4801 

0,660 

1,8769 

0,940 

2,2148    ! 

0,106 

0,8660 

0,386 

1,4882 

0,666 

1,8823 

0,946 

2,2206 

0,110 

0,8739 

0,390 

1,4962 

0,670 

1,8887 

0,960 

2,2264 

0,116 

0,8922 

0,396 

1,5041 

0,676 

1,8961 

0,966 

2,2382 

0,120 

0,9098 

0,400 

1,6119 

0,680 

1,9014 

0,960 

2,2880 

0,126 

0,9269 

0,406 

1,6197 

0,685 

1,9077 

0,966 

2,2438 

0,180 

0,9434 

0,410 

1,6276 

0,690 

1,9140 

0,970 

2,2496 

0,136 

0,9696 

0,416 

1,6368 

0,696 

1,9203 

0,976 

2,2564 

0,140 

0,9761 

0,420 

1,6480 

0,700 

1,9266 

0,980 

2,2611 

0,146 

0,9908 

0,426 

1,5607 

0,706 

1,9329 

0,985 

2,2668 

0,160 

1,0061 

0,430 

1,6683 

0,710 

1,9892 

0,990 

2,2726 

0,165 

1,0196 

0,436 

1,6659 

0,716 

1,9466 

0,996 

2,2782 

0,160 

1,0336 

0,440 

1,6784 

0,720 

1,9517 

1,000 

2,2839 

0,165 

1,0478 

0,446 

1,5809 

0,726 

1,9679 

1,100 

2,3971 

0,170 

1,0608 

0,460 

1,6884 

0,780 

1,9641 

1,200 

2,6083 

0,175 

1,0740 

0,466 

1,6958 

0,736 

1,9703 

1,300 

2,6179 

0,180 

1,0869 

0,460 

1,6032 

0,740 

1,9766 

1,400 

2,7264    . 

0,186 

1,0995 

0,466 

1,6106 

0,746 

1,9827 

1,600 

8,8337 

0,190 

1,1119 

0,470 

1,6179 

0,760 

1,9888 

1,600 

8,9401 

0,196 

1,1241 

0,476 

1,6252 

0,766 

1,9949 

1,700 

8,0458 

0,200 

1,1361 

0,480 

1,6324 

0,760 

2,0010 

1,800 

3,1608 

0,206 

1,1479 

0,486 

1,6396 

0,766 

2,0071 

1,900 

3,2663 

0,210 

1,1696 

0,490 

1,6468 

0,770 

2,0132 

2,000 

3,3594 

0,215 

1,1709 

0,496 

1,6640 

0,776 

8,0198 

2,100 

3,4681 

0,220 

1,1821 

0,600 

1,6611 

0,780 

8,0264 

8,200 

8,6664 

0,225 

1,19:U 

0,606 

1,6682 

0,786 

2,0316 

2,800 

3,6694 

0,280 

1,2040 

0,610 

1,6768 

0,790 

2,0376 

2,400 

3,7780 

0,286 

1,2148 

0,616 

1,6828 

0,795 

2,0486 

2,500 

3,8746 

0,240 

1,2264 

0,620 

1,6893 

0,800 

8,0496 

2,600 

8,9768 

0,246 

1,2368 

0,626 

1,6963 

0,806 

2,0666 

2,700 

4,0789 

0,260 

1,2461 

0,630 

1,7032 

0,810 

2,0616 

2,800 

4,1808 

0,256 

1,2663 

0,636 

1,7101 

0,816 

8,0676 

2,900 

4,8886 

0,260 

1,2664 

0,640 

1,7170 

0,820 

2,0736 

3,000 

4,8846 

0,266 

1,2763 

0,646 

1,7239 

0,826 

2,0796 

3,600 

4,8911 

,     0,270 

1,2861 

0,660 

1,7308 

0,8:h0 

2,0866 

4,000 

5,3968 

0,276 

1,2958 

0,666 

1,7376 

0,835 

2,0916 

4,600 

6,8998    ; 

0,280 

1,3064 

0,560 

1,7444 

0,840 

8,0976 

6,000 

6,4018    ' 

0,286 

1,3149 

0,665     : 

1,7612 

0,846 

2,1036 

1 
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Ta belle  VI.   Senknngskniven  nach  Bilhlmann 


Tabelle  VI.    Zur  Bereohnung  der  Senkungskurven  naoh 

RfihlmanTiB  Formel  (66  d),  S.  125. 


• 

— 

•                           1 

y 

ix 

y 

%x 

y 

%x 

K 

K 

K 

V 

\ 

K 

0,010 

0,0067 

0,226 

0,8939 

0,440 

0,9981 

0,016 

0,1251 

0,230 

0,8982 

0,446 

0,9941       1 

0,020 

0,2287 

0,286 

0,9023 

0,450 

0,9951 

0,026 

0,2888 

0,240 

0,9063 

0,455 

0,9961       \ 

0,030 

0,3468 

0,246 

0,9101 

0,460 

0,9971 

0,086 

0,8948 

0,260 

0,9138 

0,465 

0,9980 

0,040 

0,4866 

0,256 

0,9174 

0,470 

0,9989 

0,046 

0,4715 

0,260 

0,9209 

0,476 

0,9998       < 

0,060 

0,5034 

0,265 

0,9242 

0,480 

1,0006 

0,066 

0,5319 

0,270 

0,9275 

0,486 

1,0014 

0,060 

0,5577 

0,276 

0,9306 

0,490 

1,0022 

0,066 

0,6811 

0,280 

0,9336 

0,496 

1,0029 

0,070 

0,6026 

0,285 

0,9366 

0,500 

1,0036 

0,076 

0,6222 

0,290 

0,9394 

0,606 

1,0048 

0,080 

0,6406 

0,296 

0,9421 

0,610 

1,0060 

0,086 

0,6576 

0,300 

0,9448 

0,516 

1,0067 

0,090 

0,6788 

0,306 

0,9478 

0,620 

1,0063 

0,096 

0,6881 

0,810 

0,9498 

0,526 

1,0069 

0,100 

0,7020 

0,316 

0,9522 

0,530 

1,0076 

0,106 

0,7160 

0,320 

0,9546 

0,536 

1,0081 

0,110 

0,7273 

0,326 

0.9569 

0,640 

1,0086 

0,116 

0,7389 

0,330 

0,9591 

0,646 

1,0091 

0,120 

0,7500 

0,335 

0,9612 

0,560 

1,0096 

0,125 

0,7603 

0,340 

0,9632 

0,655 

1,0101       ' 

0,180 

0,7703 

0,345 

0,9652 

0,660 

1,0106 

0,186 

0,7796 

0,350 

0,9671 

0,565 

1,0111 

0,140 

0,7886 

0,855 

0,9690 

0,670 

1,0116       1 

0,145 

0,7971 

0,860 

0,9708 

0,576 

1,0121 

0,160 

0,8068 

0,366 

0,9725 

0,680 

1,0126 

0,156 

0,8131 

0,370 

0,9742 

0,686 

1,0129 

0,160 

0,8205 

0,376 

0,9759 

0,590 

1,0183 

0,166 

0,8276 

0,380 

0,9775 

0,595 

1,0137 

0,170 

0,8344 

0,385 

0,9790 

0,600 

1,0140 

0,176 

0,8410 

0,390 

0,9805 

0,660 

1,0166 

0,180 

0,8473 

0,396 

0,9819 

0,700 

1,0184 

0,186 

0,8583 

0,400 

0,9833 

0,750 

1,0194 

0,190 

0,8591 

0,405 

0,9847 

0,800 

1,0199 

1         0,196 

0,8647 

0,410 

0,9860 

0,850 

1,0202 

0,200 

0,8700 

0,416 

0,9878 

0,900 

1,0208 

0,206 

0,8751 

0,420 

0,9885 

0,960 

1,0203 

0,210 

0,8801 

0,425 

0,9897 

1,000 

1,0203 

• 

0,216 

0,8848 

0,430 

0,9909 

0,220 

0,8896 

0,485 

0,9920 
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Tabelle  YII.      Znr  Bereohnnng  der  Staitkurven  naoh 

TolkmittB  Formeln  (67  o)  und  (67  d),  S.  132. 


1 

h 

^/^\   .    « 

h 

^ /^\   .    ^ 

h 

^/^\   .    « 

h 

^fh\    .    7C 

K 

HkJ+^ 

\ 

^W+T 

K 

^(0+4 

K 

^(-J+i 

1,0 

00 

1,16 

0,842 

1,36 

1,193 

1,76 

1,686        1 

1,006 

—  0,102 

1,16 

0,866 

1,36 

1,207 

1,80 

1,740 

1,01 

+  0,074 

1,17 

0,887 

1,87 

1,221 

1,86 

1,796 

1,015 

0,179 

1,18 

0,908 

1,88 

1,236 

1,90 

1,850 

1,02 

0,264 

1,19 

0,928 

1,39 

1,249      • 

1,96 

1,904 

1,026 

0,818 

1,20 

0,948 

1,40 

1,262 

2,0 

1,967 

1  li08 

0,862 

1,21 

0,967 

1,41 

1,276 

2,1 

2,068 

1,086 

0,408 

1,22 

0,986 

1,42 

1,289 

2,2 

2,168 

1,04 

0,440 

1,28 

1,008 

1,43 

1,302 

2,8 

2,272 
2,876 

1,046 

0,478 

1,24 

1,021 

1,44 

1,815 

2,4 

1,05 

0,602 

1,26 

1,088 

1,46 

1,328 

2,6 

2,478 

1,06 

0,564 

1,26 

1,066 

1,46 

1,341 

2,6 

2,681 

1,07 

0,599 

1,27 

1,071 

1,47 

1,864 

2,7 

2,688 

1,08 

0,686 

1,28 

1,087 

1,48 

1,367 

2,8 

2,786 

1,09 

0,676 

1,29 

1,103 

1,49 

1,879 

2,9 

2,886 

'  1,10 

0,708 

1,80 

1,119 

1,60 

1,892 

8,0 

2,988 

1  1,11 

0,788 

1,81 

1,184 

1,56 

1,468 

3,6 

3,492 

1  1,12 

0,766 

1,32 

1,149 

1,60 

1,618 

4,0 

8,996        1 

1,13 

0,798 

1,88 

1,164 

1,66 

1,571 

4,6 

4,496 

1,14 

0,818 

1,84 

1,178 

1,70 

1,628 

6,0 

4,997 

Tabelle  YIII.  Zor  BeTeohnang  der  Senkungakaryen  naoh 

TolkmittB  Formal  (67  d),  S.  182. 

Die  Funktion  F  weicht  Ton  jener  der  Stankniye  ab;  dooh  gilt  Gl.  (67  d)  wieder« 


<^ 

Hi) 

h 
K 

Hid 

h 

Hid 

,     ^'^ 

00 

0,926 

0,260 

0,80 

0,087 

0,65 

0,026 

0,995 

0,894 

0,92 

0,246 

0,79 

0,080 

0,64 

0,024 

0,99 

0,724 

0,916 

0,234 

0,78 

0,074 

0,68 

0,022 

0,986 

0,626 

0,91 

0,223 

0,77 

0,068 

0,62 

0,020 

0,98 

0,666 

0,906 

0,212 

0,76 

0,063 

0,61 

0,018 

0,976 

0,604 

0,90 

0,203 

0,76 

0,068 

0,60 

0,017 

0,97 

0,461 

0,89 

0,186 

0,74 

0,064 

0,66 

0,011 

0,966 

0,426 

0,88 

0,169 

0,73 

0,050 

0,60 

0,006     1 

!      0,96 

0,396 

0,87 

0,155 

0,72 

0,046 

0,46 

0,004 

0,956 

0,869 

0,86 

0,142 

0,71 

0,042 

0,40 

0,002 

0,96 

0,346 

0,86 

0,130 

0,70 

0,039 

0,36 

0,001 

0,946 

0,825 

0,84 

0,120 

0,69 

0,036 

0,80 

0 

0,94 

0,806 

0,88 

0,110 

0,68 

0,033 

0 

0        1 

0,986 

0,289 

0,82 

0,102 

0,67 

0,081 

0,98 

0,274 

0,81 

0,094 

0,66 

0,028 

1 
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Tabelle  EL    Staakmren  nach  Bresse 


Tabelle  IX. 


Zur  Bereolinung  der  Staukorven  naoh 
Bresses  Formel  (74  o),  S.  141. 


1     -— 

1  ^ 

-ft) 

h 

-ft) 

/I 

-ft) 

h 

-ft). 

0,999 

2,1834 

0,944 

0,8418 

0,800 

0,4198 

0,48 

0,1207 

'  0,998 

1,9628 

0,942 

0,8801 

0,796 

0,4117 

0,47 

0,1154 

'  0,997 

1 

1,8172 

0,940 

0,8188 

0,790 

0,4089 

0,46 

0,1102 

0,996 

1,7218 

0,938 

0,8079 

0,785 

0,3962 

0,45 

0,1062 

0,996 

1,6469 

0,986 

0,7978 

0,780 

0,8886 

0,44 

0,1008 

0,994 

1,5861 

0,984 

0,7871 

0,775 

0,8818 

0,43 

0,0956 

0,998 

1,5848 

0,982 

0,7772 

0,770 

0,8741 

0,42 

0,0909 

0,992 

1,4902 

0,980 

0,7675 

0,766 

0,3671 

0,41 

0,0865 

j  0,991 

1,4510 

0,928 

0,7581 

0,760 

0,8603 

0,40 

0,0821  , 

0,990 

1,4159 

0,926 

0,7490 

0,755 

0,8586 

0,89 

0,0779 

0,989 

1,8841 

0,924 

0,7401 

0,750 

0,8470 

0,88 

0,0738 

0,988 

1,3561 

0,922 

0,7816 

0,745 

0,8406 

0,87 

0,0699 

0,987 

1,8284 

0,920 

0,7281 

0,740 

0,8848 

0,86 

0,0660 

0,986 

1,3087 

0,918 

0,7149 

0,785 

0,8282 

0,86 

0,0628 

0,986 

1,2807 

0,916 

0,7069 

0,780 

0,8281 

0,34 

0,0587 

0,984 

1,2692 

0,914 

0,6990 

0,725 

0,8162 

0,88 

0,0558 

0,988 

1,2890 

0,912 

0,6914 

0,720 

0,8104 

0,82 

0,0619 

0,982 

1,2199 

0,910 

0,6889 

0,715 

0,8047 

0,81 

0,0486 

0,981 

1,2019 

0,908 

0,6766 

0,710 

0,2991 

0,30 

0,0456 

0,980 

1,1848 

0,906 

0,6696 

0,705 

0,2937 

0,29 

0,0426  i 

0,979 

1,1686 

0,904 

0,6625 

0,70 

0,2888 

0,28 

0,0895 

0,978 

1,1581 

0,902 

0,6556 

0,69 

0,2778 

0,27 

0,0867  ! 

0,977 

1,1888 

0,900 

0,6489 

0,68 

0,2677 

0,26 

0,0340  ; 

0,976 

1,1241 

0,895 

0,6827 

0,67 

0,2580 

0,25 

0,0814 

0,975 

1,1105 

0,890 

0,6178 

0,66 

0,2486 

0,24 

0,0290  ' 

0,974 

1,0974 

0,885 

0,6025 

0,66 

0,2895 

0,23 

0,0266 

0,978 

1,0848 

0,880 

0,6884 

0,64 

0,2806 

0,22 

0,0248 

0,972 

1,0727 

0,875 

0,5749 

0,68 

0,2221 

0,21 

0,0221 

0,971 

1,0610 

0,870 

0,6619 

0,62 

0,2188 

0,20 

0,0201  j 

0,970 

1,0497 

0,865 

0,5494 

0,61 

0,2058 

0,19 

0.0181 

0,968 

1,0282 

0,860 

0,5874 

0,60 

0,1980 

0,18 

0,0162 

0,966 

1,0080 

0,855 

0,5258 

0,69 

0,1905 

0,17 

0,0145 

0,964 

0,9890 

0,850 

0,5146 

0,58 

0,1882 

0,16 

0,0128 

0,962 

0,9709 

0,845 

0,5037 

0,57 

0,1761 

0,15 

0,0118 

0,960 

0,9539 

0,840 

0,4982 

0,56 

0,1692 

0,14 

0,0098 

0,968 

0,9876 

0,885 

0,4831 

0,56 

0,1625 

0,18 

0.0085 

\    0,956 

0,9221 

0,830 

0,4788 

0,54 

0,1560 

0,12 

0,0072  : 

0,954 

0,9078 

0,825 

0,4687 

0,68 

0,1497 

0,11 

0,0061 

0,962 

0,8981 

0,820 

0,4544 

0,52 

0,1486 

0,10 

0,0060 

,  0,960 

0,8795 

0,816 

0,4454 

0,51 

0,1876 

0,09 

0,0041 

i  0,948 

0,8665 

0,810 

0,4367 

0,50 

0,1818 

0,08 

0,0082 

0,946 

1 

0,8539 

0,805 

0,4281 

0,49 

0,1262 

0,07 

0,0025 
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Tabelle  X. 


Zur  Bereohnung  der  SenkungBkorven  naoh 
BreBses  Formal  (74  o),  S.  141. 


-ft) 

h 

H\) 

h 

»ft-) 

h 

»ft) 

0,00 

I 

—  0,6046 

0,44 

—  0,1647 

0,790 

0,8268 

0,944 

0,8226 

0,01 

—  0,6946 

0,45 

0,1488 

0,796 

0,8867 

0,946 

0,8364 

0,02 

—  0,6846 

0,46 

—  0,1827 

0,800 

0,8469 

0,948 

0,8487 

0,08 

—  0,6746 

0,47 

—  0,1216 

0,806 

0,8662 

0,960 

0,8624  , 

0,04 

—  0,6646 

0,48 

—  0,1104 

0,810 

,  0,3668 

0,952 

0,8767  1 

0,06 

—  0,6646 

0,49 

—  0,0991 

0,816 

0,3776 

0,954 

0,8916 

0,06 

~  0,6446 

0,60 

—  0,08*18 

0,820 

0,3886 

0,966 

0,9071 

.  0,07 

—  0,6846 

0,51 

—  0,0768 

0,826 

0,3998 

0,966 

0,9288 

0,08 

—  0,6246 

0,62 

—  0,0647 

0,880 

0,4114 

0,960 

0,9402  : 

0,09 

—  0,6146 

0,68 

—  0,0680 

0,886 

0,4282 

0,962 

0,9680  j 

0,10 

—  0,6046 

0,64 

—  0,0412 

0,840 

0,4868 

0,964 

0,9767 

0,11 

—  0,4946 

0,66 

—  0,0298 

0,846 

0,4478 

0,966 

0,9966 

0,12 

—  0,4846 

0,66 

—  0,0172 

0,860 

0,4606 

0,968 

1,0174 

1  0,18 

-  0,4746 

0,67 

—  0,0060 

0,866 

0,4787 

0,970 

1,0396  j 

0,14 

—  0,4646 

0,68 

+  0,0074 

0,860 

0,4872 

0,971 

1,0612  1 

045 

—  0,4646 

0,69 

+  0,0199 

0,866 

0,6012 

0,972 

1,0682  1 

!  0,16 

—  0,4444 

0,60 

+  0,0826 

0,870 

0,6166 

0,978 

1,0767 

0,17 

—  0,4344 

0,61 

+  0,0464 

0,876 

0,5806 

0,974 

1,0886 

0,18 

-  0,4248 

0,62 

H-  0,0684 

0,880 

0,6469 

0,976 

1,1020  . 

0,19 

—  0,4143 

0,68 

+  0,0716 

0,885 

0,6619 

0,976 

1,1160  1 

:  0,20 

0,4042 

0,64 

-j-  0,0861 

0,890 

0,5786 

0,977 

1,1806 

0,21 

—  0,8941 

0,66 

+  0,0987 

0,896 

0,5958 

0,978 

1,1467 

j  0,22 

—  0,3840 

0,66 

4-  0,1127 

0,900 

0,6188 

0,979 

1,1616 

0,28 

—  0,8789 

0,67 

+  0,1268 

0,902 

0,6218 

0,980 

1,1781  1 

0,24 

—  0,3688 

0,68 

+  0,1418 

0,904 

0,6289 

0,981 

1,1966 

0,26 

—  0,8686 

0,69 

-i-  0,1660 

0,906 

0,6866 

0,982 

1,2189  1 

0,26 

—  0,8484 

0,70 

+  0,1711 

0,908 

0,6445 

0,988 

1,2883 

0,27 

—  0,8888 

0,706 

+  0,1787 

0,910 

0,6626 

0,984 

1,2538  1 

0,28 

—  0,8280 

0,710 

4-  0,1864 

0,912 

0,6607 

0,986 

1,2767  ' 

0,29 

—  0,8128 

0,716 

+  0,1948 

0,914 

0,6691 

0,986 

1,2990 

0,80 

—  0,3026 

0,720 

+  0,2022 

0,916 

0,6776 

0,987 

1,3241 

0,81 

—  0,2928 

0,726 

4-  0,2102 

0,918 

0,6864 

0,988 

1,8611 

i  0,82 

—  0,2819 

0,780 

4-  0,2184 

0,920 

0,6958 

0,989 

1,8804 

0,88 

—  0,2716 

0,786 

+  0,2266 

0,922 

0,7045 

0,990 

1,4125  j 

0,84 

—  0,2612 

0,740 

-I-  0,2860 

0,924 

0,7188 

0,991 

1,4480 

0,86 

—  0,2608 

0,746 

+  0,2484 

0,926 

0,7284 

0,992 

1,4876 

0,86 

—  0,2408 

0,760 

+  0,2620 

0,928 

0,7882 

0,993 

1,6824 

0,87 

—  0,2298 

0,766 

4-  0,2607 

0,980 

0,7433 

0,994 

1,5841 

0,38 

—  0,2192 

0,760 

+  0,2696 

0,982 

0,7637 

0,995 

1,6452 

0,39 

—  0,2086 

0,766 

+  0,2786 

0,984 

0,7643 

0,996 

1,7200 

0,40 

--  0,1980 

0,770 

+  0,2877 

0,986 

0,7763 

0,997 

1,8162 

•     1 

0,41 

1 

—  0,1872 

0,776 

+  0,2970 

0,938 

0,7866 

0,998 

1,9517 

0,42 

—  0,1765 

0,780 

+  0,3064 

0,940 

0,7982 

0,999 

2,1881 

0,48 

—  0,1666 

0,786 

4-  0,3160 

0,942 

0,8102 

1,000 

1 

Sacliregister. 


Abfall  298,  800,  301 
Abflafimengenlinie  (-kurve) 

826 
Abgemndete  Krone 

(Backen)  800,  819 
Absetzen  12 
Abwasser  4,  494 
Ache  166,  168 
Alinlichkeitsgesetz  88,  894, 

iLqaipotentialkarve  16 
Ither  267 

Amorphe  FltLssigkeit  24 
Angesohmiegte  Nappe 

(Strahl)  296 
Angriffapunkt  des  Wasser- 

stofiea  897 
Anhegemng  608,  s.  Sand- 
bank, Eiesbank,  Yerlan- 

dung 
Ankui^tsgeschwindigkeit 

287 
Anrostong  41,  60 
AnsaizrOnren  266  f. 
Anachlnfigerinne  262 
AnBchweUnnff  167 
Anwachsen   aer   Konvezen 

8.  Anhegemng 
Aperiodizit&t  848 
ArtesiBcher  Brunnen  481 
Anf  landnng  b.  Anhegemng 
Auf  liegende  Nappe  (Strahl) 

297 
Ansflnfi  246  f.,  3401. 
Anaflufikoef&zient  (-ziffer) 

223,  248,  261,  264f.,  272, 

288 
Auflflafistiahl  267,  276, 276, 

280,  284 
Ansflufitrichter  (-wirbel)  284 
AuBgewachsene  See  866 
AnBieiae  848,  862 

Barre  616 
Baugmbe  443,  452 
Beton  8.  Banhigkeit 
Betriebeinstellnng  in  einem 
Bmnnen  442 


Bettausbildong  72,  479  f., 
486  f.,  488  f.,  492,  496  f., 
600  f. 

Bett  auB  verBchiedenen 
Binnaalen  79 

—  mit  verBchiedenen 
Bauhigkeiten  72,  76,  87 

Bodenwellnng  160 

Bogen  einea  FluBaea  9,  241, 

600  f. 
Bore  199,  208 
Brander  609,  a.  Brechen  der 

Wellen 
Brechen  d.  Wellen  176, 185, , 

189,  191,  199,  379f.,  382 
Brfickenatan  219,  817,  318, , 

a.  Pfeilerstau  ; 

Bmnnengmppe  460  f.  | 

Bmnnen  in  Fiafinfthe  468  f. 

—  mit  fiacher  Sohle  489 
Bmnnenreihe  466 
BmnnenzoU  247,  264 
Buhnenatan  222, 606,  a.Yer- 

landnng 

D&mpfune  846  f.,  848  f. 
Dammba&enwehr  297 
Dammbmchkorre  187 
Differentialgleichung  des 

GhnndwaaaerBpiegela  449, 

460 
Doppelkegelatatzen  271 
Doppeltrichter  228 
DrainrOhren  89 
Drehklappe  (Drosaelklappe) 

237 
Dmckgef&Ue  88,  86 
DmckhOhenTerluat  82, 86  f., 

79, 214  f.,  a.  Dmckreriaat, 

Drehklappe  uaw. 
Dracklinie  482 
Drackluft  64 
Dmckverlast  in  aaphaltier- 

tern  Bohr  88,  41,  44,  46 
Bleirohr   38,  44,  46, 

46,  53 
^enietetem  Bohr  44, 

46,  48 


Dmckyerlnat    in    Glaarohr 

88,  41,  44,  46 
Gnfirohr  38,  89,  44, 

46,  46,  48,  68 
Holzdaubenrohr  46 

—  —  Enpferrohr  64 
Meaaingrohr  45,  46, 

68,  64,  81 

Schlauch  46,  61, 240, 

248,  278,  279 

—  —  Ter8interteniBohr44 

Zinkrohr  41,  46 

Zinnrohr  46,  46,  8. 

Banhigkeit 

—  nach  Borda  225, 284,341 
Ddker  220,  221 
Dttnung  366,  866  f 

Dflae  226,  286,  268 
Durchla^Bigkeit  422f. 
Dnrchatich  486 

Ebbe  192 
EbbeatrOmung  196 
Eck  240,  B.  £>hleneck 
Eigengewicht  3,  4 
Eind&mmang  207 
Einfache  Schwingnng  362 
Einaohnnmng  218,  260 f. 
EinachntlmngBziffer  248,261 
Einachottening  128 
Einachr&nkung    der   Tlnfi- 

breite  488 
Einaturz  eines  Stauwerkes 

189 
Einzelwelle  176  f.,  864,  880 
EinzwSjignng  262,  81 2  f. 
Eia  4,  111 

Elaatizit&tamodnl  4,  21 
Ellbogen  243  f. 
Entleerang  340 
Erdbett  a.  Bett,  Banhigkeit 
ErdOl  8.  Ol 
Erweiterang  226 
i  Erzwongen  a.  nnfrei 
I 

:  Feuerpfosten  277,  279 
Filtergesetz  420  f,  426  f. 
I  Fliehkraft  8, 9, 11,  608, 607 


Sachiegister 
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Flofidurchlafi  (-gasse,  -tafel) 

7,  308,  317 
FliisBigkeitsdruck  28 
Flufi  (nach  BonssiDeBq)  144, 

166,  168 
Flufikr^mmiing    b.   Bogen, 

Schl&n^eln 
Flufiwasser  3 
Flut»renze  197 
Flutkurve  192 
FlatstrGmnng  196 
Flutwelle  177, 186, 192,197, 

864,  611,  616 
Form&nderang  der  Flut- 

welle  198 
Hochwasserwelle  200, 

206,  214 
Freie  Nappe  (Strahl)  288 
Freie  Schwingung  364 
Fiirche  446 


Crang  862 

Gedrdckte  Nappe  (Strahl) 

294 
Gef&Ue  8.  LSiDgenprofil 

—  in  offenen  Lftufen  62  f., 
8.  Banhigkeit 

R0hren  86  f.,  s.  Druck- 

verlust 
Oef&Il8bestiinmimg  81 
OemilBbrach  der  Sohle  214, 

218 

—  im  Spiegel  218 
GeMftete  Nappe  (Strahl) 

288 
Gekrammtes  Wehr  816 
Ger611e  468,  477 
Gesamtenergie    einer    Dtl- 

nung  878,  876 

—  eines  Schwalles  174 

Teilchens  29  , 

GesamtwiderBtand   beweg^ 

ter  K5rper  406 
Geschiebe  467  f.,  608 
Geschiebetrieb  78,  480f., 

487  f. 
GeschwindigkeitshOhe  29 
Geschwindiffkeitskoeffi- 

zient  (-zifer)  248,  249  f. 
Geschwindigkeitspotential 

14  .v^^     -    1 

GeschwindigkeitBskale  93f., 

117f. 
GeachwindigkeitsTertei- 

lung  93f.,  112f.,  121 
Gestaneltes  Gerinne  802 
Gewellte  Nappe  (gewellter 

Abflufi)  297,  806 
Gezeiten  196 
Gradient  16 


Grenzgeschwindigkeit  61, 
62,  66,  276,  s.  kritiBche 
Geschw. 

GrenzBchleppkraft  481,  600 

Grundablafi  816 

Grundwehr  803,  820 

Gmndwelle  379 

HaarrOhrchenbewegung  24, 

60,  119,  427 
Hahn  287 

Halbkugel  404,  407 
HalbrOhre  66,  67, 80, 90,  91, 

112,  123,  161 
Halbzjlinder  404 
HalB  266 
Halsstack  228 
HochwaBBer  204  f. 
Hochwasserlinie  197,  207 
Hdcker  der  Druckkurve  896 
HOhenkurvenplan  d.Ghrond- 

waBsers  448 
Hydrant  8.  FeuerpfoBten 

Innerer  Reibnngskoeffizient 

8.  Z&higkeit 
iBotache  109 
IsothermiBche  Knrvenschar 

16,810,811,487,448,449 
Inversion  des  StrahleB  267 

KammerschleuBe  6,  863,  b. 

Entleemng,  Stemmtor 
Eanal   8.   AbwasBer,  Bett, 

Bauhigkeit,  Siel 
Kastengerinne   79,  90,  91, 

186,  209,  282,  288 
Eehle  s.  Hals,  Verengang 
Keil  404,  407,  408 
Eentem  der  Str5mung  196 
EielwasBerwiderBtand  406 
Eies  103,  424,  472,  478,  474, 

8.  BAuhigkeit 
KieBbank  484,  609 
Eiesbett  8.  Ranhigkeit 
Eiesdurchl&BBigkeit  424 
EinematiBcher  Reibnngs- 

koef&zient  33,  66 
El&ren  s.  Absetzen, 

Schlamm,  Verlandmiff 
Enick  in  d.  Sohle  b.  Somen- 

6ck 
Enie  241,  242 
Eolk  504,  508 
Eontinuit&t  8.  Banmbedin- 

gung 
Eontraktion    b.    EinBchnu- 

rung 

Eontraktionsskala  269 

KrauBeiwelle  366 

Eriterien  611,  612 


Eritische   Geschwindigkeit 

60f.,66,201,  226,267,275, 

899,  408 
Eritischer  Halbmesser  400, 

409 
Erone  299  f. 
Eropfr(Jhre  242 
Erdmmer  B.Erop&Ohre,  Ell- 

bogen 
EnunmeB  Wehr  816 
Erystallisierte    Flussigkeit 

1,  24 
Eugel  898  f.,  408,  409,  600 

Labyrinthdichtung  227 
Langenprofil  479,  486 
Laminarbewegung  26,  8. 

Haarr5hrchenbewegang 
LederschlHuche  46,  61 
LeiBten  an  einer  Platte  391 
Loch  in  diinner  Wand  246, 

248  f.,  267,  269,  276,  a87 
LOBchstrahl  277 
Luftdrack  3 
Luvweite  377 

Massenkorve  212 
MaBsenintegralkurve  325 
Meerwaseer  4 
Mengenansgleich  826 
Mengenkurve  326 
Mefiwehr  93,  288 
ModellverBnch  84,  602, 606, 

507,  508,  609  f.,  613,  614 
Modul  deB  Differentialquo- 

tienten  18 
Mundstuck  249,  266,  268, 

269,  -276,  887 
Mure  499 
MuBchehi  41,  608 

Nappe  (Strahl)  288,  293 
Negative  Wellung  180 
NewtonBcher  Eatarakt  276, 

284 
NiedrigwasBerlinie  197 
Normalbreite  488 
Normalstofi  388 
NotanBlafi  s.  Streichwehr 

Oberfl&chengeBchwindig- 

keit  108, 106, 107, 108, 488 
OberflachenBpannung  267 
Oberfl&chenwiderBtand  115, 

899,  406,  8.  Rauhigkeit 
Obergraben    63,    8.    Stan- 

knrve,  Streichwehr 
OberwaBserspiegel  286,  296 
Ofinnng  in  dilnner  Wand  b. 

Loch  in  dunner  Wand 
Ol  26,  62,  66,  260 
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Parallelismas  derSchichten 

197,  198 
Parallelstofi  888 
ParallelstrOmung  d.Grund- 

wassers  444 
Petroleam  a.  Ol 
PfeilereinBtmz  508 
Pfeilerstan  219,  817,  419 
Pdaflter  b.  Rauhigkeit 
Pflanzen  67,  71 
Pl&tscherwelleD  866 
Plate  511,  8.  Sandbank 
Platte  386  f.,  892  f.,  407,  419 
Potentialgef&Ue  15 
Potentielle  Energie  29, 174, 

179 
Priel  511 
Prisma  406,  407 
Palsation  110 
PumpverBUch  485 
Putz  B.  Rauhigkeit 

Ouader  b.  Bauhigkeit 
Quadrant    b.   Bogen,    Ell- 

boffen,  Kropfrdnre 
QueckBilber  8,  260 
Quelle  (Born)  462,  465,  466 

—  (derPotentialtheorie)20 
Quelleitung  59 
Querschnitt  aus  Sonder- 

teilen  s.  Bett 

—  von  gr5fitem  Durchflufi 
63,  497 

Quirl,  quirlfrei  12 

Kaumbedingung  18,  167 
Rauhigkeit  vonBeton  86, 87 
Brettern,Holz  65,67, 

71,  74,  76,  77,  87,  90 
Brnchstein  65, 67, 70, 

7),  74,  76,  87,  91 
Erde  65,  67,  70,  71, 

74,  87 

—  —  groben  GeBchieben 
67,  76,  499,  500 

—  —  Eies,  Steinen  65,  74, 
87,  499,  500 

Pflaster  71,  78,  87 

Putz,  Zement  65,  67, 

70,  71,  74,  90,  91,  121 
Quadern  65,  67,  70, 

71,  74,  91 

Ziegel  45,  65,  67,  68, 

70,  71,  74,  76,  87,  91 
Rechteckige  Oifnung   257, 

261  f. 
Rechteckiger  Querschnitt  s. 

Kastengerinne 
Regenfall  (Sprinkler)  273 
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VEBLAG  VON  B.6.TEUBNEB  IN  LEIPZIG  UND  BERLIN 
Lehrbuch  der  Hydrodynamik.  I^^TiTJ^aJ;  t^^S^TllS:^, 

nnier  Mitwixkimg  dat  Vcrfawii  beeorgt  yon  Dr.  JohftMM  FrMoL  MU  79  FigiweiL  gr.  8. 
.1907.    In  lielnwaad  geb.  M  SO.— 

JDi*  HydrodyiiMiiik  LamlM  ift  oharftkterldert  doroh  KlAilieit  and  Xleguui ;  lie  ver. 
•Inlgt  in  lieworragend«r  Weis*  mathematbohe  PrftiiBion  nnd  phytikaliiohe  Denkrlohtnng, 
■o  daB  eto  ala  Miuter  einer  theoietUoh-phyiikaliMhen  Dantellvng  b«Beiohnat  -wexden 
kann.  8o  herronagend  die  Lelitnngen  dentiohar  Fonoher  anf  dam  Oebiete  der  Hydro- 
dynamik Bind,  to  betitst  doch  die  dentsche  Llteratur  koln  xaiammenfattendes  Baoh, 
welohes  dem  Lambeohen  an  die  8eite  geetellt  werden  kOnnte.** 
(VIertelJalirtMhrlft  ietWieMrVeretat  nr  FSrdenmg  iee  phytlkcllMli.«.olieBltoli.Uat«nl8iitt.) 

Vorlesungen  zur  Einfiihrung  in  die  Mechanik  raumer- 

fiillonrioi*  MaQeon  ^^^  ^'*  Alexander  v.  Brill,  Piofenor  der  Mathematik  an  der 
lUIICIIUCr  mdOOOll.  UnlverBlUt  Tftbingen.  Mlt  97  Piguren  im  Text  gr.8.  1909. 
CMl  J(  7.—,  in  Lelnwand  geb.  JC  8.— 

„,.. Die  Vorlerangan  brlngen  troti  three  mlfiigen  Umfang*  (etwa  8S0  8.)  erfaeblich 
mehr,  ide  der  Titel  Teraprioht,  nttmlioh  aaAer  der  den  sweitau  nnd  dxitten  Abaohuitt 
ItUlenden  Meohanlk  der  Kontinoa  (Hydrodynamik  nnd  EUatibrittttatbeorie)  im  eraten  Ab- 
aohnitfc  eine  knrae  Meohanik  dee  Ponktea  nnd  dee  atarren  KOrpera,  aowie  im  Tlerten  die 
elektromagnetiaehe  Liehttiieorie. . . .  Wlr  baben  ea  alao  in  dieaem,  annlohat  nnr  fBr  |,an- 
gehende  MathematikeT**  beatimmten  Abriaae  mlt  einem  dnrehana  modernen  Werke  an  tan, 
welohee  ao  reoht  geeignet  lit,  die  mannigfacben  Znaammenh&nge  der  vorgetragenen  Gtobiete 
aafaodecken  and  klaranatellen,  womlt  aaoh  den  Phyaikern  nnr  gedient  aein  kann.** 

(Physlkalisohe  Zeitaohrlft.) 

Yon  Dr.  R.  VOR  MItet,  Profesaor  an  der  Uni- 
veraittt  StraAborg  im   Elaafi.     gr.  8.     1908. 
Geb.  M  8.60. 

Daa  wlohtigate  theoretlaohe  Problem,  daa  dem  modernen  Tnrbinen-Konatmktear  die 
Praxla  atellt,  beateht  darln,  aicb  ein  ongeftbrea  Bild  Ton  dem  ToraaaaiohtUohen  StrOmonga- 
Terlaof  in  einem  an  entwerfenden  Torbinenrade  sa  Terachaifen.  Die  in  der  teobniachen 
Literatnr  bekannt  gewordenen  LOaangBTeraache  beachr&nken  aioh  dorchwega  aaf  die  Knt- 
irlcklang  Yon  Yoracbiiften  rein  geometrlaober  Natnr  liber  die  Konatraktion  der  Strom- 
linien,  Schanfelacbnitte  aaw.;  alle  dieae  Methoden  baben  den  Naobtell,  einen  nnr  aehr 
geringen  Orad  von  Wahraobeinlicbkeit  far  ihre  Blchtigkeit  in  Anaprach  nehmen  an  dflrfen. 
Nor  die  Heranaiehong  mecbaniaoher  0berlegnngen,  alao  die  ratlonelle  Anwendnog 
Ton  Sfttien  der  Hydromochanlk  kann  einer  LOanng  bOheren  Wabrsoheialichkeitawert  yer^ 
leihen.  Eine  derartige  Behandlong  der  Anfgabe  let  daa  Ziel  der  Torliegenden  Arbeit,  die 
einen  ttberaoa  weiten  and  mflbaamen  Weg  an  darchmenaen  bat,  am  von  den  Torhandenen 
theoretiachen  Anafttaen  aa  pzaktiaoh  yenr^'tbaren  Ergebniaaen  Torsadxlngen. 

Grundlagen  der  Tlieorie  und  des  Baues  der  Wsirmelcraft- 

mSI  firh i n  An  ^^*  *^^™  EngUaohen  von  Dr.  Alfred  ■util,  Profeaaor  an  der  k.  k.  Deutachen 
niaobllinon.^ohniecben  Hocbaobole  aa  BrOnn.  Zagleioh  aatorlaierte,  erweiterte 
deataobe  Anagabe  dee  Werkee  „The  ateam-engine  and  other  heat-enginee**  Ton  J.  A.  Ewlng, 
Profeaaor  an  dor  UnlTeraittt  Cambridge.   Hit  809  Figaren.    1909.  In  Lelnw.  geb.  JC  90.— 

„. .  .Somit  baben  wir  ein  Werk  Ton  aeltener  YoUat&ndigkoit  and  Abrnndnng  TOr  ana, 
welehea  niobt  nnr  dem  angehenden  Ingenienr,  aondem  anoh  Jedem  mlt  einigen  ptayalka- 
Uachen  Kenntniaaen  anagerftateten  OebUdeten  warm  empfoblen  werden  kann.  Inabeaondere 
dtlrften  dieaea  Bnoh  aolohe  Phyaiker  and  Matbematiker  begrOAen,  welohe  den  Anweodnngen 
mit  Btlokaioht  anf  ap&tere  Lebrtltlgkeit  an  teobniachen  Anatalten  ihre  Anfinerkaamkeit 
■nwenden.**  (Arohlv  fVr  Hathefflattk  ued  Phytlk.) 


Theorle  der  WasserrSder. 


UirteriHohuHO    der 
„litWMier 


Die  Theorie  der  Mehrstoffdampfmaschinen.  ^^^ 

die  vortellbaftette  FIBieigkelt  tiini  Betrlebe  von  DanpfkMSoblnenT**  nd  Bearboltvng  der  uf 
dieee  Frage  eleh  ergebenden  Antwortea.  Yon  Dr.K.8ohreber,  Profeeaor  an  der  Teohn.  Hodh- 
aohole  Aaohen.    Mlt  19  Zelohnnngen.    1908.    Geh.  JC  8.60,  in  Lelnwand  geb.  JC  A9a 

Die  Theozie  der  Dampftnaaohinen  hat  aeit  einer  Beihe  TOn  Jahren  keine  eigentliohen 
Fortaobiitte  gemaohl  Die  a&mtUoben  Arbeiten  der  Theoretlker  beeohranken  aioh  anf  den 
Anabaa  der  Ton  Hirn  and  Zeaner  gegebenen  Arbeiten.  So  iat  ea  gekommen,  daft  die 
80  aehr  Tiel  jflngeren  Qaamotoren  nabe  daran  aind,  die  Dampftnaachine  an  aberflageln, 
aowohl  waa  die  Aaabildang  der  Theorle  anbelangt,  iJa  anoh  in  beaog  aaf  die  Aoanataang 
der  Brennatoffe.  Dieaea  Stooken  in  der  Theorle  der  Dampfmaaohinen  liegt  daian,  daA  man 
aioh  aaaaohlleaiicb  an  Waaaerdampftnaaobinen  gehalten  hat  Ein  Fortaohritt  in  der  Ana- 
nntaang  der  BrennatofFe  dnrch  Dampfmaaohinen  kann  nor  darch  den  t)hergang  an  Mehr- 
atoifmasohlnen  erreiobt  werden.  Im  TorUegenden  Baoh  wlrd  nan  nachgewleaen,  wle  man 
die  geeignetate  Fltlaalgkelt  aaawfthlt  and  welohea  die  dadaroh  erreichbaren  Yorteile  aind. 


Forohhelmer:  Hydranlik 
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E.  Grimsehl:  Lehrbuch  der  Physik.  Sr.25:S:J,r"ySi:Cu 

lu&d  nun  BelbstitftQdinm.  S^  Termeihrto  nnd  Terbeaserta  Aaf  lage.  Mit  1896  Ftgnren,  2  far- 
bigen  Tafeln  nnd  Tabellen  physikalisoher  Konstanteu  and  Zahlentabellen.  1918-  Oah. 
Ji  16.—,  in  Leinwand  g«b.  JH  16.— 

„ . . .  Jeder,  dor  die  swelte  Anflage  mit  der  eraten  vergleicht,  wird  dem  Yeifasser 
Dank  wiisen,  dafi  er  aidh  dioser  grofien  Arbeit  ant«>rsogen  hat,  die  sioh  fchon  ftuBerlieh 
danaob  abaohttzen  l&fit,  dafi  daa  Bach  fiber  800  Seiten  at&rker  geworden  iat.  Eine  ganze 
Beihe  von  phyaikalitchen  Apparaten,  die  eine  wertvoUe  Bereichemng  des  Unterrichta  be- 
deaien,  sind  inzwisohen  wieder  von  Profeaaor  Grimaehl  nen  koustruiert  worden  and  treten 
in  diesem  Baoke  sum  eratenmal  an  die  Offentlfohkeit  Die  Art  der  Daratellong  hat  in- 
sofem  eine  Anderang  erfahren,  ala  elementaxe  Abteilungen  violfach  in  Wegfall  gekommen 
sind  nnd  dafOr  von  DiflTerential-  nnd  Integralrochnong  reichlicher  Oebraach  gemacht  wLrd. 
Daa  Bach  hat  dadaroh  entaohieden  nooh  gewonneft.  Trots  der  Benntxang  dieaer  Bech- 
nnngsarton  kann  anfier  dem  Fachmann  nnd  dem  Stndenten  anch  der  gebUdete  Late  mit 
Vorteil  daa  Bach  in  die  Hand  nehmen,  wenn  er  in  daa  Weaen  phyaikaliacher  Foraohang 
and  Lehre  eindrlngen  will "  (Hamburfler  NaohrlokteB.) 

nia  namnfinQQI^hina  (eineohllefiL  der  Dampftarbine)  and  8as-  IL  OlmatcbtneR. 
UIC  Udm|llincl9UnillD  von  Dr.  Jolm  Parry,  Profeaaor  der  Mechanik  and  Mathe- 
matik  am  Boyal  College  of  Science  In  London.  Aatoriairrte,  erweiterte  deataohe  Bearbeitang 
von  Dr.-Ing.  HerRiann  Meuth,  Baninapektor,  Mitglied  der  Kgl.  Wfirtt  Zentralatelle  fOr  Geworbe 
and  Handel  in  Stnttgart.  Mit  85  Figaren  and  1  Wftrmetafel.  1909.  In  Leinwand  geb.  Jl  88.— 

„Die  Anaffihrnngen  werden  erlftutert  darch  otwa  860  Skiszen,  Figaren  and  Kon- 
strnktionsseichnangen,  die  nach  ihrer  Anawahl  anch  geeignot  sind,  den  Phyaiker  leicht 
In  die  Lehre  der  W&rmekraftmaaohinen  einanfUhren.  Behr  wertvoU  aind  die  Bahlreichen 
Anfgaben,  die  darohweg  der  Prazia  entnommen  aind.  Fttr  daa  Studinm  iat  daa  Werk  in 
der  Bearbeitang  von  H.  Menth  jedenfalla  aehr  an  cmpfehlen.** 

(Baiblftttar  zv  den  Anialaa  dar  Phyalk.) 
FlQPIIQf^hi'flPhsill  ^^^  Profeaaor  Ernat  BOIIar,  Diplom-Sohlffbaa-Ingeniear,  Obor- 
t  I9CII91/III II  UdU.  lehrer  am  Teohnikam  der  freien  Hanaeatadt  Bremen,  Lehrer  fOr 
Schiffban  an  der  Seefahrtachnle  za  Bremen.  Mit  480  Abblldongen  and  1  TafeL  1910. 
Geh.  M  6.60,  in  Leinwand  geb.  M  7.60. 

„  . . .  Ein  Schatz  von  zahlloaen  Konatraktionaskizaon,  die  faet  ffir  Jedea  Schlffadetail 
mnaterhafte  Beiapiele  geben,  bildet  nach  der  mehr  theoretiachen  Einleitang  den  Hanpt- 
inhalt  dea  Werkea.  Der  erklilrende  Text,  der  Kritik  and  Belehrang  vereinigt,  ist  von 
anmntender  Knappheit  and  beater  Konzentration.  Fflr  Schiffbaaaohalon  Jedea  Gradea, 
ffir  den  Techniker  nnd  jeden  Marineor,  auch  ffir  Spezialisten  diesea  Gebietca  wird  daa 
Buoh  einen  nicht  nnr  orientierenden  Wert  haben.  Dem  godiegenen  Inhalt  entapricht  anch 
die  vomehme  &afiere  Eraoheinnng,  die  der  Yerlag  dieaer  guten  Fablikatlon  gegeben  hat." 

(Osterralohisoho   Polyteohnlsolie  Zaitaohrift.) 

Yorlesungen  Uber  technische  Mechanik.  "^J^'^t^,,  ^J^:, 

der  Mechanik  nnd  Yoratand  dea  Meohan.-Teohn.  Laboratorinma  an  der  Techn.  Hoofaaehale 
inMfinchen.  L  Band.  EinfQhrong  in  die  Mechanik.  4.  Aufl.  Mit  104  Figaren.  1911.  Ji  10.— 
IL  Band.  Graphiache  Statik.  3.  Anfl.  1918.  Mit  209  Fig.  M.  8.—.  DX  Band.  Featigkeltalehre. 
4.  Anflage.  Mit  86  Figaren.  1909.  Ji  10.—.  IV.  Band.  Dynamlk.  8.  Aufl.  Mit  71  Figaren. 
1909.  M  10.—.  y.  Band.  Die  wichtigaten  Lehren  der  kOheran  ElaatizlUtatheorie.  Mit 
44  Figaren.  1907.  M  10.—.  YL  Band.  Die  wichtigaten  Lehren  der  hOheren  Dynamik.  Mit 
80  Figaren.     1910.    JH  18.—. 

„FOppl  verateht  die  Kanat,  mit  klaren  nnd  intereaaanten  Worten,  geatlltzt  aof  geiat- 
xeioh  gew&hlte  Beiapiele,  aaaeinanderaoaetzen,  waa  die  Formel  knrz  aber  trocken  znaammen- 
fafit  Man  gewinnt  daraoa  anf  die  angenehmate  Art  Einaiohten,  die  aioh  aonat  fainter  langen 
Formelentwicklnngen  verbergen.  Die  Aaaeinandersetaangen  werden  bei  FOppl  zwar  ftafier> 
lioh  ULnger  ala  in  der  knappen  Formelaprache  anderer  Bficher,  die  znm  YeratAndnia  nOtlge 
Zeit  wird  aber  kflrzer.  Daa  aind  Yorzflge,  die  fOr  den  Praktiker  ackwerer  ina  Gewioht 
fallen,  ala  die  bei  firfiheren  Anflagon  ana  mathemattaehen  Erelaen  geftnfierten  Bedonken 
gegan  die  Korrektheit  mancher  Entwicklongen."  (ElektrataohBiaoha  Zaftaabrlft) 

AnnOlifSinfifo  MoohoniU  Von  Jaha  Parry,  F.  B.  8.  Ela  Lehrbuch  mr  Stn- 
MliyDVfailUI.C  mCblldlim.  dierende,  die  Yeranohe  anateUen  and  nnmeilache 
nnd  graphiache  Beiapiele  daroharbeiten  woUen.  Bereohtigte  deataohe  t)l>eraetzung  von 
Ingenienr  Rudalf  Sahlok  in  Brealaa.    Mit  871  Figaren.    1908.    In  Leinwand  geb.  JL  18.— 

„Aaa  dieaem  Werke  apricht  eln  Lehrer  allereraten  Bangea,  der  anagadehnte  Kannt- 
niaae  mit  vollendeter  Lahrknnat  vereinigt  Sr  hat  ana  dem  grofien  Wiaaenagebiete  der 
taohniachan  Mechanik  viele  hnndert  Beiapiele  znaammengetragen^  an  welohen  er  dia 
Grondgeaetaa  anachanlioh  erUlatert,  and  damit  ein  echtea  Lehxbnoh  geachaCFen,  deaaea 
Cbaraetzong  aioh  bald  zahlreiche  Frennde  erwerben  wird.  Alle  Darlegnngen  aind  on- 
mittelbar  aof  den  praktiachen  Gabranch  zngeachnitten ,  nnd  der  mathomatisohe  Apparat 
iat  in  mOglioltst  engen  Grenzen  gehalten;  voranageaetzt  wbrd  lediglioh  die  Eenntnia  der 
nlederan  Analyaia.**  (Uterftritoliaa  Zantralblatt) 


VERLA6  VON  B.G.TEUBNEB  IN  LEIPZIG  UND  BERLIN 
HShere  Analysis  fUr  Ingenieure.  2%^;.Tn:,':?f^^^:u^T:. 

Antoriaierte  deutsohe  Bearbeitnng  yon  Dr.  Robert  Frloke,  Profoasor  tax  der  Techniaohen 
Hoohachule  su  Braunaehweig,  tmd  Fritz  SOohting,  Profeaaor  an  der  Bergakademie  in 
Klauathal  i.  Kan.    8.  Attflage.    Mit  106  Figoren.    1910.    In  Leinwand  geb.  JC  18.— 

ffFllr  Ingenieure  nnd  Phyaiker,  die  die  Mathematlk  ala  Hilfawiaaenaohafk  betreiben 
iat  ea  eine  der  beaten  Einfahi  ongon  in  die  bdhere  Analyaia,  die  wir  beaitsen. . . .  Anch 
den  liohrenden  bietet  daa  originelle  Werk  riel  Anregnng.  Die  dentaohen  Bearbeiter,  die 
es  achon  bel  der  eraten  Anflage  veratandon  haben,  daa  Buch  dom  deutachen  Geaohmaok 
and  den  dentaohen  Bedarfoiasen  anznpaasen,  ohne  aelner  wnnderroUen  Indiyidaalit&t  an 
nahe  su  treten,  haben  dieaen  Oeaichtapunkt  anch  bel  der  sweiten  Auflage  walten  laaaen.** 

(8ondortfraok  aHS  nArohlv  der  Hathematlk  uad  Physlk".) 

Ober  die  Theorie  des  Kreiseis.  JX«^*^'X  i^-^U^^"*!: 

d.  Uniy.  Mtlnohen.  4  Telle,  gr.  8.  L  Teil.  Die  kinematisohen  und  kinetiaohen  Gnxndlagen  der 
Theorie.  1897.  Oeh.  Ji  6.60,  geb.  Ji  6.60.  IL  TelL  DarohfOhmng  der  Theorie  im  Falle  dea 
achweren  aymmetriachon  Kreiaels.  1898.  Oeh.  M  10. — ,  geb.  M  11. — .  ni.  TeiL  Die  atOrenden 
EinflQaae.  Aatronomiache  n.  geopbysikaliache  Anwendnngen.  190S.  Geh.  M9. — t  geb.  M 10. — . 
IV.  Teil.  Die  technisd&en  Anwendnngen  der  Kreiaeltheorie.  1910.  Geh.  M  8. — ,  geb.  M  9. — 
,,. .  .In  klarer  iind,80weit bei  dieaem  StofFllberhaapt  mOglioh,  anch  anachaalicherWeiee 
Bind  suerat  aUgemeine  Anaeinanderaetinngen  liber  StabUlemng  gegeben  und  dann  die  ein- 
lelnen  Anwendungen  beaprochen,  n.  a.  die  Kreiaelwirkungen  bei  Sohnellbahnen,  der  Geiad- 
laufapparat  der  Torpedoa,  der  Scblieckaohe  Sohiffakreiael,  der  Kreiaelkompafi,  die  StabiUt&t 
dea  Fahrradea  aowie  einige  Bemcrkungen  llbex  Einachienenbahnenf  die  Ktabilierong  yon 
Flugxengen  und  die  Kreiaelirlrkongen  bei  Geachoaaen.  Die  wichtigeren  dieaer  Anwendnngen 
alnd  in  theoretiacher  wie  praktiaoher  Beaiehung  eingehend  nnd  ttberaua  klar  auaeinander- 
geaetst,  wobei  noch  beaondera  anorkannt  werden  aoU,  daA  flberall  auf  die  Grenaen  der  GtUtig^ 
keit  der  Formeln  und  auf  die  su  ihrer  Herleitung  erforderlichen  Yemaohlftaaigungen  hin- 
gewieaen  iat  nnd  der  entatehende  Fehler  wenigatena  aelnem  Sinne  naoh  angegeben  wurde, 
wenn  aeine  GrOBe  aich  nioht  abactafttsen  lleB.  Die  Diaknasion  der  DilferentialKloichungen  fUr 
den  SchifTakreiael  aoll  ala  Beiaplel  einer  eleganten  Behandlung,  einer  eingehend  dnrohge* 
arbeiteten  Anfgabe,  aowie  der  Abachnitt  liber  Ballistik  ala  Beiaplel  einer  yorzAglichen  Klar- 
legung  einea  nooh  nioht  gelOatenProblema  heryorgehoben  werden..."  (DinolertPolyteohnJoiiril.) 

TAphniOl^ho  QtatiU  ^<>'1m^u^S*>^  A^*'  die  Theorie  der  Tragkonstruktionen  yon 
I  DblllllOUIIO  OldllK.  j^  Ottenfeld,  Profeaaor  an  der  Teohnlaohen  Hoohachule  su 
Kopenhagen-    Deutaohe  Auagabe  yon  D.  Skouge.    1904.    Geb.  JC  12. — 

Das  Werk  tr&gt  aelnem  Inhalt  und  seiner  Behandlung  des  Stoffea  naoh  —  die  in 
der  Hegel  aowohl  seichneriach  wie  reohnerisch  durchgefOhrt  iat  —  den  Bedftrfiilsaen  yon 
HOrom  an  techniaohen  Hochaohnlen  aowie  yon  Ingenieuren  der  Praxia  Bechnung.  Dabei 
werden  die  allgemeine  technlaohe  ElastisitAtslehre  aowie  die  eraten  Elemente  der  graphlschen 
Statik  ala  bekannt  vorauagesetzt. 

Naoh  Voraaaachickung  dreier  einleitender  Abachnitte,  in  denen  die  Eigenaohaften  und 
Anwendnngen  der  Kinflufilinien  aowie  die  einfach  unterattltsten  yollwandigen  Trftger  und 
Faohwerkbalken  boi  rnhender  und  boweglloher  Belaatung  behandelt  werden,  wird  im  yierten 
Abachnitt  die  allgemoine  Theorie  dor  Tragkonatroktlonen  einheitllch-ftlr  atatiach  beatimmte 
und  unbeatimmte  Syatome  -  mit  Hilfe  der  yirtuelleuVerachiebungen  aufgebant  Bin  fanfter 
Abachnitt  gibt  das  Woacutlichate  fiber  die  yerachiedenen  Faohwerkformen,  wobei  anch  die  in 
den  letxten  Jahren  entatandenen  Formen,  K-Facbwerk,  halbe  Diagonalen,  behandelt  werden 

Von  Hofrat  Prof.  Dr.  Alfred  ■util  in  BrOnn.  Mit  sahl- 
reiohen  Abbildnngen.  1904.  In  Lelnw.  ge>.  J(  8. — 
,,Unter  den  sahlreiohen  neueren  Publikationen  Ober  Dampfturbinen  hat  biaher  ein 
Werk  gefehlt,  welohea  ea  ermOglichto,  aich  auf  dem  Qebiete  dea  Dampfturbinenbauea 
einigermafien  raach  orientieren  an  kOnnen.  Dieae  LUcke  ftUlt  daa  yorliegonde  Buch  in 
recht  gut  gelungener  Weise  aua.  Der  Yerfaeacr  behandelt  in  acht  Abachnitten  die  Dampf- 
turbinenayateme  im  allgemeinen,  die  Vorg&nge  in  den  Dampfdasen  aowie  die  konatruktiyen 
AuafOhrnngen  dei  Layal-,  Parsona-,  Zoelly-,  Riedler-Stumpf-,  Curtia-  und  Bateau-Turbinen. 
Das  SSS  Seiten  starke  Buch  iat  doroh  102  aehr  gute  und  deutliche  Fifruren  illuatriert  und 
yon  der  Yerlagabnchhandlung  reoht  gef&Uig  anageatattet.  Ea  aei  hiermit  alien  Faoh- 
genoaaen  wftrmatens  empfohlen.**  (Zeltsohr.  d.  Otterr,  Ingen.-  u.  ArobitekteiHVereliit.) 

nio  l^l*5lf4niOQI*hinOll  ^^^  ^^'  ^'  ^^hreber,  Profeaaor  an  der  Techn.Hochaohule 
U16  IVraTllIlaoLllincn.  in  Aachen.  EineElufOhmng  in  die  allgemoineMaachinen- 
kunde.  9.  wohlfeUe  Auagabe  Hit  &6  Abbildnngen  im  Text  nnd  auf  1  Tafel  li^07. 
Geh.  M  S.60,  in  Leinwand  geb   M  4.80- 

„Ea  iat  das  Yerdlenst  dea  Yerfaaaera,  sum  eraten  Male  eine  fdr  den  gebildeten  Nioht- 
fachmann  bereohnete  Daratellnng  der  Theorie  und  Wirkungaweise  aller  gebrftuchlichen 
Kraftmaschinen  in  ihrer  modemen  Konatruktion  gegeben  su  haben.  Der  Schwerpankt  dea 
Bnchea  liegt  auf  theoretiachem  Geblet,  w&hrend  ea  dem  Yerfaaaei  nicht  darum  zu  tun  war, 
konBtruktive  Durchbildungen  der  Maachinen  mltsuteilenf  weil  aolche  lediglich  fdr  den  Faoh- 
mann  yon  Intoreaae  alnd  nnd  dieaem  auafClhrlichere  Werke  snr  Yerftlguag  atehen.  Die 
Daratellnngsweise  ist  keineewegs  popul&r,  sondem  strong  wissenachaftLich**  (Ut.  Centralbl.) 


Bau  der  Dampfturbinen. 


Verlag  von  B.  G.  Teubner  in  Leipzig  und  Berlin 


Sammlung 
mathematisch  -  physikalischer  Schrif ten 

Herausgegeben  von  E.  Jahnke 

Die  Sammlunflf  setzt  sich  zum  Ziel,  kurze  Darslellungen  zu  bielen,  welche  fiir  ein  engbegrenztes 
Gebiet  die  mathematischen  Methoden  einfach  und  leichtfafilich  ableiten  und  deren  Verwendbarktit  in 
den  einzelnen  Teilen  von  Physik  und  Technik  aufdecken.  Dabei  tst  Vollstandigkeit  der  Beweisfuh- 
rung  nichl  erstrebt,  vielmehr  wird  besonderer  Wert  darauf  gelegt,  Dinge,  die  fOr  die  Anwendungen 
von  Wichtigkeit  sind,  nichl  zugunsten  wissenschaftlicher  Strenge  zurflcktrelen  zu  lassen.  Die  Dar- 
stellung  der  einzelnen  Gebiete  ist  so  gehalten,  da&  jed^  ein  abgeschlossenes  Ganzes  fflr  $ich  bildef. 


in  die  Theorie  des  Magnet  ismus.  Von  Dr.  R.  Gans,  Professor  an  der 
La  Plata.  Mit40Fig.  [VI  u.  IIOS.)   1906.  Steifgeh.  M.2.40,  in  Leinw.  geb. M.  2.80. 


I.  EinfQhrung 

Univeisiiat  '  _    .  . 

II.  Elektromagnetische  Ausgleichsvorg&nge  in  Fretleilungen  und  Kabeln. 
Von  K.  W.  wagner,  Kaiserl.  Telegr.-lngenieur  in  Charlottcnburg.  Mil  23  Piguren.  (IV  u. 
109  S.)     1908.    Steif  geh.  M.  2.40,  in  Leinwand  geb.  M.  2.80. 

III.  Einfflhrung  in  die  Maxweltsche  Theorie  der  Elektrizitftt  und  des  JVfagnelis- 
mus.  Von  Dr.  CI.  Schaef er,  a.  o.  Professor  an  der  Universitfit  Breslau.  Mil  Bildnis  J.  C.  Max- 
wells und  32  Piguren.    [VIII  u.  174  S.\    1908.   Steif  geh.  M.  3.40.  in  Leinwand  geb.  M.  3.80. 

IV.  Die  Theorie  der  Besselschen  Punktionen.  Von  Dr.  P.  Schafheitlin,  Professor 
am  Sophien-Realgymnasium  zu  Berlin.  Mit  1  Pigurentafel.  [V  u.  129  S.)  1908.  Steif  geh. 
M.  2.80,  in  Leinwand  geb.  M.  3.20. 

V.  Funktionentafein  mit  Formeln  und  Kurven.  Von  Dr.  E.  Jahnke,  Professor  an  der 
KgL  Bergakademie  zu  Berlin,  und  P.  Emde,  Prof.  a.  d.  Bergakademie  in  Klauslhal  i.  H.  Mit 
53  Piguren.    IXII  u.  176  S.)    gr.  8.    1909.    In  Leinwand  geb.  M.  6.— 

VI.  1  u.  2.  Die  Vekt  or  analysis  und  ihreAnwendung  in  der  theoretischen  Physik. 
Von  Dr.  W.  V.  Ignato  wsky,  Privatdoz.  a.  d.  Univ.  Berhn.    In  2  Teilen. 

I.  Teil.    Die  Vektoranalysis.    Mit  27  Piguren.     [VIII  u.  112  S.|    1909.     Steif  geh.  M.  2.60, 

in  Leinwand  geb.  M.  3.— 

II.  —     Anwendung   der  Vektoranalysis    in    der  theoretischen   Physik.     Mit   14   Piguren. 

|IV  u.  123  S.]    1910.    Steif  geh.  M.  2.60,  in  Leinwand  geb.  M.  3.- 

VII.  Theorie  der  KrflftepUne.  Von  Dr.  H.  E.  Timerding,  Professor  an  der  Technischen 
Hochschule  zu  Braunschweig.  Mit  46  Piguren.  [VI  u.  99  S.)  1910.  Steif  geh.  M.  2.60, 
in  Leinwand  geb.  M.  3.— 

VIII.  MathematischeTheorie  der  astronomischen  Pinsternisse.  VonDr.P.Schwahn, 
Direktor  der  Gesellschaft  und  Sternwarte  „Urania"  in  Berlin.  Mit  20  Fig.  [VI  u.  128  S.]  8. 
1910.    Steif  geh.  M.  3.20,  in  Leinwand  geb.  M  3.60. 

IX.  Die  Determinanten.  Von  Geh.  Hofrat  Dr.  E.  N e 1 1 o ,  Professor  an  der  Universitflt  GiefSefl. 
[VI  u.  130  S.j    8.    1910.    Steif  geh.  M.  3.20,  in  Leinwand  geb.  M.  3.60. 

X.  1.  EinfOhrung  in  die  kinetische  Theorie  der  Gase.  Von  Dr.  A.  By k,  Professor 
an  der  Universitat  und  der  Technische.i  Hochschule  zu  Berlin.    2  Telle. 

I.  Teil:    Die  idealen  Gase.     Mii  14  hivuren     [V  u.  102  S.]    1910.    Steif  geh.  M.  2.80, 
in  Leinwand  geb.  M.  3.20.  —  II.  Teil  in  Vorbereitung. 

XI.  I.  Grundztlge  der  mathematisch-physikalischen  Akustik.  VonDr.  A.Kal&hnc, 
Professor  an  der  Technischen  Hochschule  zu  Danzi«.  2  Telle.  I.  Teil:  [VII  u.  144  S.)  1910. 
Steif  geh.  M.  3.20.  in  Leinwand  geb.  M.  3.60.  —  II.  Teil:  Mit  57  Piguren  im  TexL  [X  u.  225  S.] 
1913.    Steif  geh.  M.  5.40,  in  Leinwand  geb.  M.  6.— 

XII.  Die  Theorie  der  Wechselstr6roe  Von  Professor  Dr.  E.  Orlich,  Mitglied  der  physi- 
kalisch  -  technischen  Reichsanstalt  zu  Charlottcnburg.  Mit  37  Piguren.  [IV  a.  94  S.|  1912. 
Steif  geh.  M.  2.40,  in  Leinwand  geb.  M.  2.80. 

XIIL  Theorie  der  elliptischen  Punktionen.  Von  Dr.  Martin  Krause  unter  Mitwirkung 
von  Dr.  Emit  Naetsch,  Professoren  an  der  Technischen  Hochschule  zu  Dresden.  Mit 
25  Piguren.    [VII  u.  186  S.)    1912.   Steif  geh.  M.  3.60.  in  Leinwand  geb.  M.  4.— 

XIV.  Konforme  Abbildung.  Von  weiL  Oberlehrer  Leo  LewenL  Herausg.  von  Prof.  Eagen 
Jahnke.  Mil  einem  Beitrag  von  Dr.  W  i  I  h.  B I  a  s  c  h  k  e ,  Privatdozent  an  der  Universit&t  Gretfa- 
wald.    Mit  40  Abbildungen.   [VI  u.  118  S.|    1912.   Steif  geh.  M.  2.80,  in  Leinw.  geb.  M.  3.20. 

XV.  Die  mathematischen  Instrumente.  Von  Professor  Dr.  A.  Galle  in  Potsdam.  Mit 
86  Abbildungen.    [VI  u.  187  S.]    1912.    Steif  geh.  M.  4.40.  in  Leinw.  geb.  M.  4.80. 

XVI.  Dispersion  und  Absorption  des  Licntes  in  ruhenden  isotropen  KOrpern. 
Theorie  und  ihre  Folgerungen.  Von  Dr.  D.  A.  Go  Id  hammer.  Professor  an  der  University 
Kasan.   Mit  28  Figuren.   [VI  u.  144  S.J   gr.  8.    1912.   Steif  geh.  M.  3.60,  in  Leinw.  geb.  M.  4.- 

XVII.  Elemente  der  technischen  Hydromechanik.  Von  Dr.  R.  v.  Mises,  Professor  an  der 
Universitfit  Strafiburg  i.  Els.  I.  Teil:  Mit  72  Piguren.  [VIII  u.  212  S.]  1914.  Geh.  M.  5.40,  in 
Leinwand  geb.  M.  6.—.    II.  Teil  in  Vorbereitung. 

In  Vorbereitung  befinden  sich  zunflchst  folgende  weitere  Bflndchen: 


D  eb  y  e ,  die  Randwertaufgaben  i.  d.  theor.  Physik. 

Gans,  Potentiallheorie. 

V.  K&rmdn.  Pesiigkeitsprobleme  dermodemen 

Maschinentechnik. 
Krflger,  Thermoelektrizitat. 
Marcolongo,  EinfQhrung  in  die  Elastizitftts- 

theorie.    (2  teile.) 


M61ler,  Grundlagen  der  Zeit-  und  Orlsbestim- 

mung. 
Rothe,  die  Ponrierschen  Reihen. 
ROmelin,   Theorie  der  lonisalion  der  Gase. 

(2  Teile.) 
Tijnpe.  ausgew&hlte  Spannungsprobleme  des 

Bauingenieurs. 


